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INTRODUCTION

p The High Energy Particle Spectrometer (SC-3) and Energetic Ipﬂ"Conposition

if . Experiment (SC-8) were launched in January 1979 aboard the P78-2 spacecraft as

-

part of the Spacecraft Charging AT High Altitudes (SCATHA) payload. The SCATHA
instrument complement was designed to study spacecraft responses to the ambient
environment, particularly the electrical charging and discharging processes

arising from natural particle fluxes and from the operation of onboard electron

and ion guns. Instrumentation included sensors of the particle, field, and wave
enviromment; monitors of transient pulses, surface potential and contamination;
and electron and ions guns designed to actively control the spacecraft potential
with respect to the surrounding plasma. Descriptions of the instruments have
been compiled by Stevens and Vampola (1978),

The SC-3 high energy particle spectrometer uses a stacked set of four solid

state sensors. Programmable logic combinations of the four sensors are used to

select various particle types and energy ranges on a time multiplexed basis and
to discriminate against unwanted background. Outputs from a twelve channel
pulse height analyzer, set to the desired energy range, are accumulated in 0.5
second periods. The detector normally senses electrons from 0.05-5.0 MeV and is
capable of measuring protons from 1-100 MeV and alpha particles from 6-60 MeV.
The three degree field of view is oriented perpendicular to the spacecraft spin
axis, providing good pitch angle coverage. Details of the SC-3 instrument are

given in Appendix 1, which has been excerpted from Stevens and Vampola (1978).

" The SC-8 energetic ion composition experiment has 3 detector heads, each

using a crossed electric and magnetic field velocity filter in combination with
an electrostatic analyzer to select ions of the desired mass/charge. lon fluxes

are measured in 24 energy channels covering E/Q=0.1-32. keV/e. The instrument’s .
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normal mass range of 0.8-80 AMU is covered in 30 steps. In addition, fixed

magnetic analyzers measure electrons in four broad bands from 0.07 to 24 kev,

SC-8 is oriented 79 degrees from the spacecraft spin axis, and io&iinely obtains
-gg,d-coverage of fluxes closely aligned with the magnetic field. Details of the

§C-8 instrument are given in Appendix 2 which has been excerpted from Stevens
and Vampola (1978).

The performance of the SC-3 and SC-8 instruments has been excellent, and the
instruments are continuing to acquire data at this time. Digitized data tapes
' are available for all days from launch through early 1980, as well as for many
later periods.

{ The following sections of the report summarize the principal scientific

k results which have been obtained to date. The three appendices describe the

s S§C~3 and SC-B instruments and provide abstracts of all publications.

RESULTS OF THE HIGH ENERCY PARTICLE EXPERIMENT

The energetic electron intensities measured by SC-3, with its

fine-resolution energy spectra and pitch-angle distributions, have been used to
further our knowledge of the radiation enviromment in the near-geosynchronous ;_ZW
region, spacecraft charging, and wave-particle interactions that enhance
particle precipitation, b-

The radial profiles and energy spectra as determined from SC-3 during the

SCATHA transfer orbit have been compared to the NASA AE-4 and AEI-7 HI/LO
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ot .
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radiation models of the outer belts (Reagan et al., 198la). Agreement with the >
AE~4 model was good up to the 4 MeV limit of the model. _f{i‘
The SC~3 data have been used to investigate the role that emergetic

particles in the substorm plasma have on the charging and discharging of typical ]
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dielectric layers used on spacecraft (Reagan et al., 1981b). The spectra and
pitch-angle distributions of electrons and protons were used to study the time
periods prior to, and during, a few-kilovolt differential chargtnésevent
_4nitiated by a substorm while the SCATHA spacecraft was in the eclipse condition

-

S? on March 28, 1979. The data used in the analysis included lower-energy electron
II and proton measurements fro-.the Lockheed SC-8 ion composition experiment. The
charging current density carried by the higher-energy electrons was found to be
within a factor of 5 of the maximum allowadble trapping limit according to
experimental verifications of the Kennel-Petschek theory.

During the period of June 11 to 14, 1980, fluxes of high energy electrons (1
to 5 MeV) were greatly intensified in the near-geosynchronous region following a
r magnetic storm (Gaines et al. 1981). The flux on June 14 has been the hardest
iti yet seen by SC-3. It was concluded that damage due to short-term effects, such
& ' ) as charging and possible rapid discharging in dielectrics from the accumulation
of electrons stopped in the material in a period of the order of a day, was more
likely than total dose damage over the few days duration of high, hard flux
levels.

The range and limits on the space charging electron currents available in

the near-geosynchronous orbit were identified from a large SC-3 data base

(Reagan et al., 1983). The most intense current densities observed were 0.8

nA/cn2 at 1 keV and 0.5 pAIcm2 at 1 MeV., Thesc establish an upper limit to

which spacecraft need to be tested in order to withstand space charging

currents. The effects of these currents on both surface and internal charging

? of dielectrics have been modeled. The electric field strengths were near minimum
breakdown level, but the transient pulses observed on SCATRA may be associated
with the internal redistribution of these fields. This can occur at the times of

r’ - large and rapid flux changes or at the times that heavy cosmic-ray tracks ]

locally discharge the highly charged dielectrics.
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In studying the behavior of trapped electrons near the Kennel-Petschek

trapping limit, the SC~3 energetic electron data have been utilized to

demonstrate and confirm that the energy-dependent flux limit 1l<i£%y sensitive

- to.the electron flux anisotropy and to the plasma conditions (Davidson et al.,

-

; 19856). In every one of 12 cases selected from the SC-3 data for analysis in this

! study, a limited energy tang; was found where flux limiting appeared to be
acting. This included moderately quiet times, when the flux limiting region was
typically from tens of keV to several hundred keV; high flux events, when the

; limiting region was from Z 50 keV to several hundred keV; and hard-spectrum

cases, where flux limiting appeared to be acting from several hundred keV to

beyond 1 MeV. The increases in the energetic electron flux and the build-up of

the low energy plasma followed by short periods of filled loss cones provides

direct evidence for strong diffusion in the radiation belts.

A study of three coordinated observations of precipitating energetic
electrons during moderate to active times (Kp = 3 to 6) using the near-
geosynchronous SCATHA spacecraft and the low altitude (“600 km), polar orbiting
P78-1 satellite was carried out (Filbert et al., 1984). The Lockheed instrument
package on P78-1 included two energetic electron detectors at high and low
sensitivity over the energy range of 60 keV to 1.2 MeV. Comparisons of the
temporal flux profiles, energy spectra and pitch-angle distributions for

electrons measured by P78-1 and SC-3 on SCATHA were made near the magnetic and

temporal conjugacy as determined by the Olsen-Pfitzer geomagnetic field model.

g .
s

In two of the cases studied the same flux level, spectral shape and e-folding

energy for the two satellite data sets were obtained within 5% of the L-shell
predicted by the model, even though there was moderate to intense geomagnetic

activity., Some differences appeared in the third case. All three cases showed

e
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flux limiting over some portion of the energy range.
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. SCATHA experiment (Imhof et al., 1982a), as well as from balloon and riometer
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Satellite bremsstrahlung x-ray measurements on the P78-1 spacecraft have

been compared to direct electron (>68 keV) measurements on board P78-1 (Imhof et
al., 1982b) and to coordinated electron (47-66 keV) measurements f;on the SC-3

-

measurements. The remote sensing of precipitating energetic electrons by the

measurement of bremsstrahlung x rays over much larger spatial regions than
provided by the in situ observations of the electrons at the spacecraft provides
nev insight into the understanding of the detailed temporal occurrences of
electron precipitation during magnetosperic substorms.

Over 8 months of spin-averaged SC~3 energetic electron fluxes have been

processed into a computer data base, ready for further analysis. This data base

has been the starting point for several of the above studies and should continue
to be useful in further studies of the dynamic outer radiation belt region,

spacecraft charging and wave-particle interactions that enhance particle

precipitation.

RESULTS OF THE ENERGETIC ION COMPOSITION EXPERIMENT

The SC-8 instrument provided the first ifon composition data with routine

pitch angle coverage in the region near geosynchronous orbit. The 5 degree FWRM

pitch angle resolution has allowed exploration of many of the highly anisotropic
particle populations which are observed in this region of space. In addition,
SC-Blextended the range of hot plasma composition measurements upward by a

factor of two, to 32 keV/e.

Analyses of this unique data set have addressed a wide range of problems,
ranging from specific particle energization processes to spacecraft-enviromment

interactions to global magnetospheric plasma circulation. The results of these '
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studies may be broadly grouped into four categories: 1)Plasma injection and

transport, 2)Detailed structure of plasma distributions, 3)The hot plasma

enviromment and spacecraft interactions, and 4)Global uyntheuillpf=1on

- composition results. The contributions in each of these areas are summarized

-

below.

Plasma Injection and Transport

One fundamental contribution of ion composition data is the ability to
differentiate plasmas of different sources (ultimately of solar wind or

ionospheric origin) by measuring the relative abundances of certain

characteristic species. This ability is crucial in understanding the transport,
energization, and loss histories of various plasma components. It has long been
known that at the time of magnetospheric substorms, fresh energetic plasma is

| observed in the vicinity of geosynchronous orbit. This plasma is "iniected" by
some combination of ionospheric upflow, local energization, and inward transport
from the plasma sheet. The capability to differentiate ion species has been
exploited within the SC-8 data to investigate the processes by which plasma
injection into the magnetospheric population occurs.

The dispersion of substorm injected ions was analyzed for species and pitch
angle variations in two events for which SCATHA was moving through the noon to
dusk local time sector (Strangeway and Johnson, 1983a). A clear dispersion ridge
was_observed for both H+ and 0+. At low pitch angles, H+ ions were found to
arrive at the spacecraft consistently ahead of 0+. Prior to each of the
dispersion events, it was noted that both species were greatly depleted in the
dayside magnetosphere. The dispersion features were proposed to be primarily the
result of direct ionospheric injection, with more energetic protone coming from

the plasma sheet.

......................................................




Another ion dispersion event was analyzed and compared with predictions of
the injection boundary model, in which plasma is assumed to be injected in the
region tailward of a spiral shaped boundary in the nightside laghé;osphere

. (Strangeway and Johnson, 1983b). It was concluded that the injection boundary

-

indeed provides a fairly good representation of the inner limit of ion

injection.
A class of particularly intense field-aligned ions were observed to occur in

association with some of the substorm ifion injection events (Quinn and Johnson,

1984). These ions have a much narrower energy~time dispersion signature than the
f previously described events, and thus correspond to a very limited source

| region. Detailed comparison of this narrow signature with model dispersions and
vith plasma data from the UCSD SC-9 instrument show that the ions have a
particularily strong source at the innermost edge of the broad injection region.

This source is most likely a region of direct ionospheric injection.

—

“. In addition to substorm fon injection, SC-8 data have been used to
investigate injection and convection at the time of magnetospheric storms.
Ionospheric plasma injection was studied during a storm period using data from
both $3~3 and SCATHA (Strangeway and Johnson, 1984). Large amounts of
ionospheric plasma were observed at both spacecraft around the main phase of the

storm and, at SCATHA, d+ was found to be a major component in terms of both

density and energy density. Radially dependent features observed in the S3-3

data were explained by convection and time of flight effects, and SCATHA

observations were used to infer multiple injections of plasma on the nightside.
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Detailed Structure of Plasma Distributions

The sometimes highly time-dependent waves and fields which take part in the

. energization and transport of magnetospheric plasmas often leave distinct

-

signatures in the particle d{stribution functions. A detailed investigation of
such signatures in various 1;n species can provide valuable knowledge about
these processes — even those which may occur at some distance from the point of
observation,

One very common distribution consists of field-aligned ions at energies
below several keV, with more energetic ions having peak fluxes at 90 degrees
pitch angle. SC-8 data have shown that the low energy portion of this "zipper
distribution” 1is dominated by O+, while H' dominates the higher energies (Kaye
et al., 1981b). These data imply an ionospheric source for the low energy
field-aligned ions and a plasma sheet source at higher energies.

In addition to the fairly stable field-aligned ions seen in the zipper

distribution, short-lived burste were also observed (Kaye et al., 198la). The
bursts were predominately 0+ with some H+ and had characteristic lifetimes of
minutes. Average burst energy was near 1 keV and the pitch angle width was
typically 5-25 degrees. The data suggested that significant velocity space
diffusion affected the burst fons at latitudes near the geomagnetic equator.

An exception to the usual rule of field-aligned ions at low energies is the
highly anisotropic, very intense population of ions which is sometimes observed
within a few degrees of the geomagnetic equator. SCATHA observations found that
.these ions are dominated by protons at energies above the measurement limit of
100 eV (Quinn and Johnson, 1982), The composition of these ions was somewhat
surprising in that previous theoretical work had suggested that wave heating

processes would leave an equatorial population of Re+. In fact, the He+
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component of the equatorially trapped population was not significant in any of

the 8 cases studied.
The observed variations in measured ion distributions due to fateractions
with a large scale hydromagnetic wave were used to investigate both the radial

-

gradient of ion phase space density and properties of the wave itself (Kaye and
Shelley, 1981). It was found:for the csse studied that the radial gradieat of
phase space density was negative for both ﬁ+ and d+, and that the spatial scale
length of the gradient was several earth radii. The deduced azimuthal wave

electric field of approximately 10 mV/m was sufficient to displace plasma about

1.5 earth radii during an oscillation.

The Hot Plasma Environment and Spacecraft Interactions

There is a good deal of interest among spacecraft designers and operators,
as well as within the scientific community, in obtaining an accurate
specification of the space enviromment and in understanding the interactions of
this environment with spacecraft systems. Ion composition data are required to
understand surface interactions and to properly determine ambient densities. One
particularly important spacecraft-environment interaction is the electrostatic
charging and discharging of surfaces (dominated by particles with energies below
a few keV) and of internal dielectrics (dominated by more energetic particles).
The SCATHA data have been analyzed to provide specific information on the
environment with regard to spacecraft interactions (Johnson, 1981; Sharp et al.,

1984). Also, the composition of ion fluxes to the spacecraft during a charging

event have been studied (Johnson et al., 1981).




Syntheses of Ion Composition Results

. The many topical areas of investigation described above are ica_nplenented by

. contributions of the SC-8 data to the broader picture of magnetospheric

-

h processes. The circulation of energetic ions of terrestrial origin has been

R _ .
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analyzed using data from several spacecraft with the capability to make
! composition measurements (Shelley, 1984). A review paper: "Hot Plasma
Composition Results from the SCATHA Spacecraft" summarizes contributions of the 4

SC-8 instrument (Johnson et al,., 1983). Contributions of SCATHA composition data

to the International Magnetospheric Study have also been recently reviewed

(Quinn and Shelley, 1984).
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APPENDIX 1
Description of The High Energy
Particle Spectrometer (SC-3)
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DescriPTioN oF T SPace TesT Procram P78-2
SPACECRAFT AND PavLoADS

Eo1tep BY
Joun R. StEVENS

ALrrep L. VavpoLa

9. SC3 HIGH ENERGY PARTICLE SPECTROMETER

9.1 SCIENTIFIC OBJECTIVES

Tie PRIMRY GOALS OF TE SC3 PAYLOAD ARE YO MAKE
ENERGETIC ELECTRON AND PROTON MEASUREMENTS THAT
AE NEIDED TO MET THE OBRCTIVES OF W
SPACECRAFT  CHARGING PROGRAM. THME  ENERGETIC

ELECTRON  RUX AT  NEARSYACHRONOUS  ALTITWDES

©HIAITS PRONOUNCED PITCH-ANGLE. DIURNAL AND SOLAR

'ROTATION DEPENDENCES. AND IS HIGHLY DYNAMIC 1IN

TIM. THE ENERGETIC ELECTRONS BEMAVE DIFFERENTLY
IN MANY WAYS FROM TME LOW-ENERGY ELECTRONS AND.
THEREFORE, MEASUREMENTS OBTAIND witi ne O3
SPECTROMETER WILL COMPLEMENT THE MEASUREMENTS MADE
AT LOWER EMERGIES BY OTHER OPERIMENTS ON THE
P78-2 sPacerL1oNT. O APRLIGATIN T T
SPACECRAFT (MARGING MISSION 1S TME MEASUREMENT OF
FLUX  INTENSITIES OF PENETRATING  ENFRGETIC

.......

ELECTRONS TO DETERMINE WHETHER ANOMALOUS CMARGING
OF COAXIAL CABLES IN SPACECRAFT IS A SOURCE OF

SYSTEM NDISE.

A KOWUDGE OF THE FUNES, SPECTRA,  AND
PITOH-ANGLE DISTRIBUTIONS OF THE  ENERGETIC
ELECTRONS AT MEAR-EQUATORIAL ALTITUDES ON HIGH
L-sHELLS IS ESSENTIAL YO AN UMNDERSTANDING OF
EWIRONENTAL EFFEcTs o BF w0 VIF
COMMNICATIONS, THESE COMMUNICATIONS ARE AFFECTED
BY MATURALLY-OCCURRING AND  ARTIFICIALLY-INDUCED
WAVE-PARTICLE INTERACTIONS THROUGH TRANSFER OF
WAVE EMERGY TO PARTICLE EMERGY. PERTURBATION OF
THE PARTICLE ENERGY OR PITON-ANG.E DISTRIBUTION AS
A MESWLT OF SUCH INTERACTIONS ENMANCES PARTICLE
PRECIPITATION FROM THE RADIATION BELTS, WHIOH
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SUBSEQUENTLY AFFECTS LONG-WAVELENGTH COMMUNICATION
SYSTEMS ADVERSELY, PavloaDs o nE P72
SPACEFLIGHT SIMLTANEOUSLY MEASURE THE DETAILED
PARAMETERS OF THE BNERGETIC ELECTRON POPULATION,
_THE COLD PLASM BNVIRONMENT, AND THE ELECTRIC AND
FIELD ENVIRONMENT  NEAR-SYNCHRONOUS
EOUATORIAL ALTITUDES AT ALL LOCAL TIMES UNDER A
VARIETY OF WATURALLY-GCURRING WAVE CONDITIONS.
Tie SC3 SPECTROMETER, IN CONJUNCTION WITH LOW
BERGY ELECTRON MEASUREMENTS IN TE (5 mo (9
PAYLOADS, Wil DEFINN THE TRAPPED ELECTRON
ENVIRONMENT THAT  INTERACTS WITH THE WAVE
EWIRONMENT AS MEASURED BY THE ELECTRIC AND
MGNETIC FIELD Pavioaps, SO, SCI0, ao SCU.
UWDER WELL-DEFiNED COLD PLASMA COPDITIONS THAT ARE
MASURED BY TE 6 A0 X7 eanoans. T
KNOWLEDGE OBTAINED FROM SUOH A SIMATANEOUS STWDY
SOUD LEAD TO A BETTER UNDERSTANDING OF BOTH
NTRAL AND MAN-maE ELF A0 VLF wAVE INTERACTIONS
WITH TRAPPED PARTICLES IN THE MAGNETOSPHERE AND TO
THE SUBSEQUENT EFFECTS OF SUCH INTERACTIONS ON THE
TONOSPHERE ,

Te S5 PAMLOAD WILL MEASURE THE ELECTRON
ENVIRONVENT WITH GOOD EMERGY RESOLUTION N THE
enerey REGION (1.5 MEV) AT ME TIME OF SOUAR
MXIMM CONDITIONS., THE EMNERGETIC ELECTRONS IN
THIS ORBIT CONSTITUTE A POTENTIAL HAZARD TO THE
ELECTRONIC COMPONENTS USED IN BOTH THE PAYLOADS
ND THE SPICECRAFT., OuTRuTs FRoM THE SC3 Paviowd
WILL BE USED TO DETERMINE IN MEAR REALTIM THE
ENVIRONMENT AND RADIATION DOSE ACQUIRED WY THE
SPACECRAFT BEHIND VARIOUS SHMIELDING THICKNESS.
THESE DATA WILL BE USED FOR THE P78-2 SPACEFLIGNT
DEGRADATION CALCILATIONS AND TO IMPROVE THE
RADIATION MODELS FOR SUBSEQUENT MISSIONS.

AT DE TIMES OF SOLAR PARTICLE EVENTS THAT REACH
THE EARTH, ENERGETIC SOLAR PROTONS, ELECTRONS, AND
ALPHA PARTICLES TYPICALLY HAVE MHIGHLY EFFICIENT
- ACCESS TO THE NEAR-GEOSYNCHRONOUS CRBIT. THEY may
_ SIGNIFICANTLY ALTER THE  ENERGETIC  PLASMA
COMPOSITION. THE SC3 SPECTROMETER WILL MEASURE
THESE ENERGETIC SOLAR PARTICLES AND TEIR
CONTRIBUTIONS TO THE BACKGROUNDS AND RADIATION
DOSE IN THE ONER ELDENTS oF T P73-2
SPACEFLIGNT, TvE SO INSTRWENT MEASLRES T
FLINES, SPECTRA. AND PITOH-ANGLE DISTRIBUTION OF
THE DNERGETIC MLASMA IN THE BNERGY RMNGE S0 eV T

SI0 keV M0 TE INTEGRAL FUX BETWEEN 5100 eV
A0 10,000 xeV. IN ADDITION, THE INSTRUMENT
MEASURES THE PROTON ENVIRONENT AT ENERGIES
EneEeN 120 MV N0 DE AMA  PARTICLE
BWIRONENT BEMEEN 6-60 MEV DURING SOLAR PARTICLE
EVENTS., THE MEASUREMENTS ARE MADE WITH A PITCH
ANGLE RESOLUTION oF 3 DEG
(FULL“WIDTH-ATHALF-MAXIMM), THE ENERGY SPECTRA
ARE OBTAIND WITH A 12-OUNEL PUSE HEIGHT
ANGALYZER THAT CAN BE PROGRAMMED BY COMMAND TO
COVER A MARROW OR WIDE ENERGY RANGE. IN MIs
MMER, BOTH COMPLETE SLRVEY DATA AND HIGH
RESOLUTION SPECTRAL DATA CAN BE OBTAINED ON
COMMAND .

9.2 MEASURING TECHNIQUE

“THE BASIC MEASUREMENT TECHNIQUE IS A SOLID-STATE
PARTICLE SPECTROMETER CONSISTING OF FOUR SENSOR
ELDENTS. A LINE DRAWING OF THE SPECTROMETER IS
sHom IN Flaure 9.1, VARIOUS LOGIC COMBINATIONS
OF THE FOUR SENSORS IN THE INSTRUMENT ARE USED TO
DETERMINE THE PARTICLE TYPES AND ENERGY RANGES.
THE WARIOUS PARTICLE TYPES AND ENERGY RANGES ARE
MEASURED IN SEVERAL TIME-MLTIPLEXED MODES OF
OPERATION THAT ARE COMMAND~SELECTABLE.

Tie DoeTCTOR, W10t 1S 20uM THICK INTRINSIC
SI, IS USED TO MEASURE BOTH THE RATE OF ENERGY
LOSS OF THE HIGMER ENERGY PARTICLES AND TO
DIRECTLY STOP AND MEASURE THE LOER ENERGY
PARTICLES. ThE E-DETECTOR, WHIOH CONSISTS OF FIVE
2 M THICK DETECTORS IN PARALLEL, IS LOCATED
I NE DDETECTR TO STOP THE HIGHER ENERGY
PARTICLES AND TO MEASURE THEIR TOTAL ENERGY LOSS.
Te E’-pETecToR, wHI1oH 15 1000 MICRONS THICK. 1S
LOCATED BBMIND THE E-DETECT™OR AND IS USED AS AN
ACTIVE COLLIMTOR, Boiino T E'-DETECTIR 15 A
TUNGSTEN ABSORBER THAT SETS THE UPPER ENERGY LIMIT
FOR AMALYSIS. AL OF THESE DETECTORS ARE
FASRICATED OF SURFACE-BARRIER SILICON AND ARE
STACKED TOGETMER IN A TELESCOPE CONFIGURATION.
THE ENTIRE STACK IS SURROUNDED BY THE A-DETECTOR,
WHIOH CONSISTS OF PLASTIC SCINTILLATOR VIEWED BY A
PHOTOMLTIPLIER TBE. THE RRPOSE OF THE
A-ANTICOINCIDENCE DETECTOR IS TO SENSE AND REJECT
ENERGETIC PARTICLES AD  BREMESTRAHLUNG  THAT
PENETRATE EITHER THE QUTER SMIELDING WALLS OF
ALUMINUM AND TUNGSTEN OR TE SILICON DETECTOR
STACX AND ABSORBER. THE SENSOR STACK IS LOCATED
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Figure 9.1. SC3 High Energy Particle Spectrometer

BEHIND A LONG. NARROW COLLIMATOR THAT DEFINES THE
3 DEG FIELD OF VIEW.

9.3 FUNCTIONAL BLOCK DIAGRAM

A FnCTIONAL BLOCK DIAGRAM OF THE SC3 INSTRUMENT
1s sown IN Fiame 9.2, THE INSTRUMENT OPERATES
FROM A 2048-BIT SEMICONDCTIR MEMRY (QMOS) THaT
IS STRICTWIRED INTO 256 8-BIT WDRDS THAT MRE
INDIVIDUALLY ADDRESSABLE AND LOADARLE VIA %-3IT
SERIAL-DIGITAL COMMANDS (MAGNITUDE  COMMANDS).
For o nESE worps (32-BIT CONTROL REGISTER)
COPLETELY DEFIN O orsaTInG MIE o 1E
INsTMENT. A MOIE 1S DEFINED BY SPECIFYING THE
LOGIC CONDITIONS  (COINC IDENCE/ANTICOINC IDECE),
GAIN, AND ENERGY THRESHOLDS REQUIRED BETWEEN THE
ror sensor ELEMENTS (D, E, E', A) To uNiauELY
ESTABLISH A PARTICLE TYPE AND ENERGY RANGE FOR
ANALYSIS. A OHOICE OF ™WO AMPLIFIER GAIN SETTINGS
FR NE D N0 EDETRCTORS 1S AVAILARLE, ThE
LOWER AND \PPER BNERGY THRESHOLDS SELECTED FOR
ANALYSIS BY THE I2-OWEL PULSE-MEIGHT-AMALYZER
(PR) A DETERMINED T 8BIT ND  6-BIT
RESOLUTION. RESPECTIVELY, Emer e D
E-DETECTOR 1S SELECTARLE AT ANY TIME FOR AMALYSIS
v ne PHA TROUGH THE MATIPLDGER. THE ENERGY
THRESHOLD OF THE SENSOR NOT SELECTED FOR ANALYSIS

" AN BE SET TO 8-BIT RESOLUTION.

Eiar of mess moes cowprisE OE PAE oF MEMORY
NOD E1GHT PAGES CONSTITUTE THE COMPLETE MEMORY.
To LOAD ME COMPLETE MEMRY REQUIRES 512 comwwios
(ADDRESS + DATA) AND 512 SECONDS AT A COMMANDING
MTE OF OF PER SCOND. EAcH PAE oF MBMORY CAN
BE STRRICTURED T0 EMPWASIZE OME PARTICLE TYPE
(1.6., ELECTRONS) OR AL PARTICLE TYPES; T

3

CONCENTRATE ON SPECIAL EVENTS, SUOCH AS SOLA®
PARTICLE EVENTS:; OR TO DWELL ON A NARROW ENERGY
REGION OF INTEREST WITH ANY PARTICLE TYPE, THE
COMMANDASLE OPTIONS ARE EXTENSIVE BUT AN OPTIMM
OPERATING CONGFIGURATION WILL BE LOADED INITIALLY
AND ADJUSTED AS CONDITIONS DICTATE.

ONCE THE INSTRUMENT MEMORY 1S LOADED, OPERATION
FrROM ANy PAE 1S SELECTARE ®Y A SUBSEQUENT
INSTRICTION MAGNITUDE comano (INST), Eaon 9-siT
INST coMMAND ALSO SELECTS TME DWELL TIME THAT THE
INSTRUMENT WILL REMAIN IN EacH MOTE as 1T cvouss
rousH THE MEMRY PAGE. Ties of 8. 16, R, Ao
64 sec ARE POSSIRE. SINCE THE SATELLITE SPIN
RATE IS 1 RPM, THE LONGEST DELL TIME CORRESPONDS
APPROXIMATELY TO ONE SPIN PERIGD. DWELL TIMES AS
SIORT AS OE-EIHTH OF A SPIN PERID ARE,
THEREFORE, ALSO POSSIBLE. THE ABILITY T
CALIBRATE THE INSTRUMENT WITH AN INTERNAL PULSE
GENERATIR SYSTEM IS SELECTABLE BY ONE BIT OF THE
INST coowD. THE ORDER OF THE DIGITAL DATA
OUTPUT FROM THE SPECTROMETER IS ALSO SELECTABLE.
A PRIMRY FORMAT IS USED UNLESS SOME FAILURE
OCQRS IN THE READOUT CIRCUITRY AT WHIOH TIME A
SECONDARY FORMAT 1S AVAILABLE. THE ABILITY TO
SELECT A HARDWIRED BACKWP MDIE 1S ALSO AVAILABLE
SIOUD A MAOR FAILURE OCCUR IN THE  MEMIRY
OPERATION, THE HARDWIRED BacxP MOIE MEASURES THE
HIGHER ENERGY ELECTRONS (F0-5100 keV) A IS
INDEPENDENT OF THE MEMORY. THE  INSTRUMENT
OPERATES IN THIS CONDITION AUTOMATICALLY WHENEVER
T MEMORY 1S BEING LOADED OR DISABLED. DiGiTaL
SIGMALS FROM THE FOUR SENSORS ARE APPLIED TO A
COINCIDENCE LOGIC UNIT WHERE THEY ARE TESTED
AGAINST THE COMDITIONS SPECIFIED IN THE COMMAND TO
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Figure 9.2. Funcnonsl Block Diagram

UNIQUELY MEASURE A CERTAIN PARTICLE TYPE AND
ENERGY RANGE. THE LOGIC CONDITIONS REQUIRED TO
MEASUPE THE VARIOUS PARTICLES AND ENERGIES OF
INTEREST ARE SO IN Tame G.1. Tie suBSCRIPTS
ON THE SENSOR NOTATION REFER TO THE LOWER ENERGY
TMRESHOLDS FREQUIRED TO ESTABLISH THE CORRECT
PERGY RANGE. HIGH AMPLIFIER GAIN IS REQUIRED IN
T™E ELECTRON MIDES OF OPERATIONS SINCE THE
ENERGIES INVOLVED ARE CONSIDERABLY BELOW THOSE OF
THE PROTONS AND ALPHA PARTICLES MEASURED. Bars
OVER A SENSOR NOTATION INDICATE AN ANTICOINC IDENCE
CONDITION (ND SIGNAL) MUST BE PRESENT FROM THAT
SENS(R TO SATISFY THE LOGIC. THE PLASTIC
SCINTILLATOR, A, IS ALMAYS USED IN AN ANTI-
COINCIDENE ME., THE E'-DETECTIR 1S useD 7O
DETECT AND MEASUIRE THE ENERGETIC ELECTRONS BETWEEN
5100 o 10.000 xeV, wHERE NHE UPPER ENERGY IS

IN T, THE PHA 1s A I3-LEVEL COMPARATOR STACK
WITH THE LOWER AND UPPER LEVEL REFERENCES
DETERMINED BY COMMAND. THE LOWER LEVEL REFERENCE
CAN BE SET TO 1-PART-INZS6 (B-BIT) oOF THE
AWPLIFIER RANGE WHILE THE UPPER LEVEL CAN BE SET
AND FRESOLVED T0 1-PART-INOH4 (6-BIT) oOF TE
RANGE, ALL AMPLIFIER PULSES BETWEEN THE LOWER AND
UPPER REFERENCE LEVELS ARE ANALYZED INTO 12
EQUAL-WIDTH VOLTAGE BINS, BASIC ANALYSIS TIME IS
4% mec. THE REFERENCE LEVELS CAN BE SET AS
CLOSE AS THE BASIC RESOLUTION AND STABILITY OF THE
PHA sysTEM (1-PART-IN-Z56) IN ORDER TO ACHIEVE
WIGH ENERGY RESOLUTION OVER A LIMITED ENERGY
RANGE, ALTERNATELY, THE LEVELS CAN BE SET OVER A
WIDER RANGE WITH BROADER ENERGY RESOWTION IN
ORDER TO OBTAIN BETTER STATISTICS.

Table 9.1. Detector Logic
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Exot oF ME 12 oweeLs ofF nE PHA AR CONECTED
T0 16-BIT BINRY ACCUMLATOR SHIFT REGISTERS THAT
AE READOUT EVERY 0.5 SEE T0 ME TELDETRY, THE
0.5-SEC ACCUMAATION TIME CORRESPONDS TO A 3-DEG

_ROTATION OF THE SATELLITE. IN ADDITION, THERE ARE

15-BIT ACCUMLATORS CONNECTED TO EACH OF THE FOR
SENSORS TO MEASURE THE INTEGRAL -COUNTING RATES
ABOVE THE LOWEST THRESHOLD.

UPON SERIAL READOUT, EAOH 16-8IT ACCUMRATIR IS
COMPRESSED INTO AN S-BIT OUTPUT WORD IN A
PSEUDO-LOGARITHMIC MANNER. THE 8-8IT QUTRUT WORD
CONSISTS OF U BITS THAT DEFINE THE LOCATION OF THE
MOST-SIGNIFICANT-ONE BIT IN THE ACCMAATR (A
FIFTH BIT IS IMPLIED) AND THE 4 BITS OF BINARY
DATA THAT FOULOW., THME DATA CONTENTS OF THE
ACCUMUILATOR (P TO A VALLE OF 71 ARE NOT COMPRESSED
AND, HENCE, ARE NOT EFFECTED IN ACCURACY, AT
HIGHER ACCUMLATOR VALLES THE MAXIMM ERROR
ASSOCIATED WITH THE TRUNCATION NEVER EXCEEDS A FEW
PERCENT,

A B4-BIT STATUS BLOCK DESCRIBING THE COMPLETE
CONFIGURATION LOGIC OF THE INSTRUMENT 1S READOUT
EVERY R SEC AND. THEREFORE, THE MINIMUM DWELL TIME
(8 s&) oF A MIE can PE DEFINED, THIS STATUS
MOCK REFLECTS THE CONTROL LOGIC OF THE INSTRUMENT
AS ACQUIRED FROM THE MEMRY For EAcH MDIE AND ALSO
THE CONDITIONS SPECIFIED BY THE INSTRICTION AND
TE DISCRETE COMANDS., FOR ANALOG  OUTPUTS
seAstre e sias oN nE D, E-, aD E’-DETECTORS
AYD THE TEMPERATURE OF THESE DETECTORS. A SUMMARY
OF THE KEY FEATURES OF THE SPECTROMETER IS GIVEN
N Tance 9.2,

Table 9.2. Summary of the Key Features of the SC3
Spectrometer

Number of sensorTs

Parncies and onergy rasge $0.9100 kaV 5. 1.10.0 MeV

L]
L
messured 4
L d

chaanele ‘

Taergy vesslution

Mamber of integral voergy L]
chaanels

Time roquired o shinin an 500 ms
imegral or ¢ driforemtal
specive

Pich angte ressivhos 1 ArWHM)
Gesmetric lacwmy ~3n 10"t emour
Member of MODES of [

oprration 0 Messere al)

perticine and esergiee
Duell tiome i eoch MODE 0,18, 32,64 sec

(pragromanable)
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9.4 OPERATIONAL ASPECTS

Te S3 ISTRWENT UTILIZES S TREE  DISCRETE
comnos To poir (1) ne InsrueNt (S003). (2)
e ATIOICIDECE syseMm (S0R), ~ao (3) me
MEMRY SYSTEM (5006), A LOAD coewo (S00%) must
PRECEDE EACH MEMRY LOADING OPERATION AND A RIN
comand (S004) MUST PRECEDE THE SENDING OF AN
nsTRcTIon (INST) comwo. Tere are 256 INST
COMANDS AVAILARLE FOR UsE (5101 mhrouaH 536).
THE CALIBRATION SYSTEM CAN BE DISASLED IN THE
EVENT OF A FAILURE VIA A DISCRETE comanp (5005).
Tie SC3 MEMEORY WILL BE LOADED AT THE EARLIEST
OPPORTUNITY AFTER LAUNDH AND REMAIN ACTIVE FOR THE
DURATION OF THE MISSION, THIS IS ACCOMPLISHED BY
SENDING 256 COMBINATIONS OF DATA AND ADDPESS WORDS
AT A RTE OF 1 worn/seC. CHANGES TO THE MEMRY
WILL %€ ACCOMPLISHED BY AUTOMATIC BLOCKS OF SERIAL
BINMRY coMManDs (9 BIT) GR 8y INDIVIDUAL SERIAL
comans (9 BIT)., THRESHOLD CHANGES TO SELECT
DIFFERENT BNERGY RANGES ARE DPECTED TO BE T
MOST FREQUENTLY SENT COMMAND AFTER PAYLOAD
INITIALIZATION,

1T 1s PANED THAT TE (3 INSTRUMENT BE
OPERATIONAL AT ALL TIMES DRING T P78-2
SPACEFLIGHT. THE PRIMARY MIDE OF OPERATION WILL
BE MEASURING ELECTRONS AND THE INSTRUMENT WILL
OPERATE ALTERNATELY BETWEEN THE MID- AN
HIGIENERGY ELECTRON RANGES FRoM A PAE  oF
MEMRY., THESE DATA WILL BE USED IN NEAR-REALTIME
ANALYSIS TO DETERMINE THE PRIMARY ENERGY SPECTRUM
ND MDIATION DOSE ACQUIRED BBHIND VARIOUS
SHIELDING THICKNESSES, AT THE TIMES OF SOLAR
PARTICLE EVENTS, OPERATION WILL BE BY COMMAND FROM
A PRESELECTED PAGE IN MEMORY TO OBTAIN THE PROTON
SPECTRUM AND ITS CONSTRIBUTION TO THE DOSE.

SINE A KNOWMLEDGE OF THE S(3 ORIENTATION WITH
RESPECT TO THE MAGNETIC FIELD QRIENTATION IS
ESSENTIAL TO ALL MEASUREMENTS, THE SC3 INSTRUMENT
WilL BE OPERATED WITH nE (11  INSTRUMENT.
SPECIAL ALIGNMENT CALIBRATIONS BETWEEN THE T™WO
INSTRUMENTS WILL BE PERFORMED ON-ORBIT.
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DescripTion oF e Space TesT Procram P78-2
SPACECRAFT AND PayLoaDs

Ep1TeD BY
Jon R, STEVENS

Arrep L. VavwpoLa

15. SC8 ENERGETIC ION COMPOSITION EXPERIMENT

15.1 SCIENTIFIC OBJECTIVES

Te Enercemic Iov Cawosimow Exeerpent, SC8.
MEASLRES THE MASS COMPOSITION OF THE HOT PLASMAS
ENVELOPING THE P7B-2 SPACECRAFT. THE ION FLUX
MEASLREMENTS SPAN THE ENERGY REGION FROM I00 €V 10
3 &V ND THE MASS RANGE FROM | TO GREATER THAN
160 AMI.

THE OBUECTIVES OF THE EXPERIMENT FAU INTC TwO
GENERAL CATEGORIES: (A) SPACECRAFT  CHARGING
peENMENA, AD (B) RASMA INTERACTION PROCESSES.
THe SCS EXPERIMENT SUPPORTS UNDERSTANDING THE
SPACECRAFT CHARGING PHEMCMENA IN SEVERAL WAYS.
(1) THe COWOSITIN AND SPATIAL ANISOTROPIES CF
THE POSITIVE IONS [N THE AMBIENT HOT RLASMA THAT
IS REQUIRED TO UNDERSTAND AND TO MODEL THE SHEATH
REGION AROUND THE SPACECRAFT DRING CHARGING
events 1s peteruned.  (2) T moTOIONIZED
GASEDUS AND [ON CONTAMINANTS EMITTED BY T
SPACECRAFT (WHICH HAS BEEN OBSERVED PREVIOUSLY N

.....
B BB Bt
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ATS-5 anp ATS€ WITHOUT MaSS IDENTIFICATION) ARE
MEASIRED, (3) THE 1ON COMPOSITION OF THE PLASMA
PRICR TO CHARGING EVENTS IS MEASIRED IN ORDER TO
ASSESS THE CAPABILITIES FOR PREDICTING CHARGING
EVENTS ON THE  RECONFIGRATION O T
MAGNETCBFHERIC CURRENT SYSTEM PRICR TO THE ONSET
F GEOMGNETIC sBSTORMS. (4) TEMPORAL AND RADIAL
DEPENIENCIES (F THE PASMA COMPOSITION  ARE
IETERMINED TO AID IN MEELING TE MOT RLASMA
ENVIRONENT FOR SATELLITE ORBITS AT HIGHER AND
LOVER ALTITIDES AND INCLIMATIONS TN TE P7B-2
SPACECRAFT CRBIT. (5) FINALLY, SELECTED PLASMA
CONDITIONS ARE MEASLRED DURING WHIOH TON FLUOES
FRoM THE SCE 10N GIN ARE RETWIRNED TO TE
SPACECRAFT.

Tie SCB EXPERIMENT SUPPORTS UNDERSTANDING THE
PLASMA INTERACTION PROCESSES IN SEVERAL WAYS. (1)
PLAswa MDD FIELD CONDITIONS THAT  PRODUCE
IONGEPHERIC  JON  ACCELERATION Wi K
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INESTIGATED., (2) THE LOCAL TIME AND GEOMAGNETIC
LATITZE DISTRIBUTIONS F THE SOLRCE REGIONS OF
FIEDALIGED IONOSPHERIC 1ONS  WILL  BE
_InvesTiaTED.  (3) ThE RASMA AND FIELD CONDITIONS
T THAT PRODIE THE PRECIPITATION OF ENERGETIC
PARTICLES FROM THE TRAPPED POPWLATIONS WILL EE
INESTIGATED, (4) THE LARGE-SCALE-AND SMALL-SCALE
TRANSPORT PROCESSES FOR THE HOT PLASMAS WILL BE
INESTIGATED. (5) FINALY, THE RLASMA AND FIELD
CONDITIONS THAT RESWT IN VU WAVE GENERATION AND
MPLIFICATION IN THE MAGNETOSPHERE WILL BE
INVESTIGATED.

15.2 MEASURING TECHNIQUE

THe SC8 INCTRUWMENT IS AN EMERGETIC ION  MASS
SPECTROMETER CONTAINING THREE PARALLEL ANALYZER
UNITS, EACH OF WHICH MEASLRES I1ONS IN A DIFFERENT
ENERGY REGION OF THE RANGE FRam 0.1 10 X2 V.
Eac WNIT CONSISTS OF A CROSSED ELECTRIC AND
MAGNETIC FIELD VELOCITY FLLTER (WEIN FILTER) IN
SERIES WITH AN ELECTROSTATIC ANALYZE® (ESA) anp &
CHAMME. ELECTRON MLTIPLIER SENSOR. O of ==
UNITS 1S SHOWN SOEMATICALLY IN FIGRE 15.1.

-'\::

COLLIMATORS ¢

VJGMYIC FIfL

! e — 1

VELOO'TY

ALTER i CHANNEL

MULTIPLIER

’ \ )
A\ ,
gecragstare —\\N /7
ANAYZER ~———,
{

Figure 15.1, lon Mass Spectrometer

-THE INSTRUMENT HAS TWO BASIC MODES (F OPERATION
 MND TWO MASS RANGES OF (DVERAGE IN EACH MODE. THE
TWO MASS RANGES COVER FRaM APPROXIMATELY 0.8 T0 &0
AMvorac) 40 12 A ™ ereaTeR v 160 AU
(HEAVY). [N THE FIRST OPERATING MOIE, EACH OF THE
THREE ANALYZER INITS CYCLES THROUGH FOLR DISCRETE
ESA sETTINGS IN 16 SEC. REMAINING FIXED FOR 2 SEC
AT EACH SETTING. DWRING EACH 2-SEC PERID., THE
VELOCITY FLLTER VILTAGE IS RAMPED YO PROVIIE A
R-POINT mass-PER-WINIT-OMRGE (WQ) SPECTRIM OVER

AR Al e e

ONE OF THE TWD RANGES INDICATED AROVE. THUS, A
FUL MSS SPECTRUM IS OBTAIND AT EACH OF 24
ENERGY POINTS EVERY 16 sec. - IN THE sEcond MOIE.
THE MVELCCITY FILTER IS LOCKED IN ONE OF FOR
DISCRETE VALUES CORRESPONDING TO WO = 1, 2, 4, &
16 For 16 sec. wHILE EACH ESA IS CYCLED AMONG ITS
EIGHT DISCRETE LEveLS. THE ESA wvoutae Is
SWITOED EVERY & msec. THus, A 2-PoINT
ENERGY-PER-UNIT-CHARGE SPECTRUM FROM THE THREE
UNITS IS ACQUIRED EVERY 1/2 SECOND AT A SINGLE W(Q
POSITION. AFTER B4 SEC ON A FIXED MASS VALLE, THE
INSTRUMENT SPENDS G4 SEC IN Mae 1 To ProviIE
INFORMATION ON THE BACKGROUD LEVELS OBTAINABRLE
FROM MASS REGIONS BETWEEN THE DISCRETE MASS
PEAKS. FOLLOWING THIS, T VELOCITY FILTER IS
LOCKED ON A SECOND MASS FCR B4 SEC. AGAIN FOULOWED
Br 64 SEC IN MorE 1. THIS CONTINUES THROUGH THE
FOLR DISCRETE W/Q WALLES. THUS, A COMPLETE CYQLE
OF THE SECOND MODE REQUIRES 512 SEC. VARIATIONS
IN THE NUMBER AND TIMING OF THE BASIC ENERGY AND
MASS VALUES CAN BE SELECTED BY REALTIME COMMANIS.

THE  INSTRUMENT ALSC INCLICES FOR  BROADEANT
BLECTRON  CHANNELS FOR  FRCVIDING  BLECTRO:
BACKGROUND INFORMATION AND FOR GENERAL CORRELATIVE
STWDIES WITH THE RASWA I00S. FIXED MAGNETIC
FIED ANALYZERS FOLOWED BY CHANNEL ELECTPORN
MILTIPLIERS SPAN THE ELECTRON RANGE FRQM U7 °
2 k&Y wiTh cenTRAL BNErGiEs AT 0,16, 0.73. 3.3,
A0 16 eV,

15.3 FUNCTIONAL BLOCK DIAGRAM

THE DATA FLOW FROM THE INSTRLMEMT IS LLLUSTRATED
soEmaTIcAlLY INFiame 152, AL OF THE QUTRUTS
ARE FROM CHANMEL ELECTRON MULTIPLIERS AND THE DATA
FROM EACH CHANNEL ARE MANILED IN AN ANALOGOUS
FASHIGN. EACH SENSOR OUTPUT IS FOLLOWED BY A
PULSE AMPLIFIER, SHAPER, AND DISCRIMINATOR PRIQR
YO GOING INTO A 16-BIT COUNTER. THE ACCUMULATION
AD READ TIMES FOR THE CGUNTERS ARE SYNCHRONIZED
WITH THE ANALOG FUNCTIONS AMD CONTROLLED BY THE
INSTRUMENT  CONTROL  LOGIC  AS  INDICATED
SCHEMATICALLY BY TH CONTRAL LOGIC BROX. TH
INFGRMATION IN THE  J6-BIT  COWNTERS IS
LOGARITHMICALLY COMPRESSED TO 8 BITS PRIOR TO
BEING READ INTO THE TELEMETRY BIT STREAM BY T
SPACECRAFT DATA MWL TIPLEXER.

AN INFLIGIT CALIBRATION SEQENCE IS INITIATED BY

PPV WY W YUK
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_ REALTIME COMMAND THROUGH THE CALIBRATION CONTRO. AMPLIFIER PERFORMANCE IS EVALLATED IN T
! LOGIC. THIS SEQENCE OFCKS AL OF THE COUNTERS  CALIBRATION SEQUENCE BY STEPPING THE DISCRIMINATOR
{ ' ND BFFERS BY PROVIDING PULSES AT A FIXED RATE  THROUGH ITS FOUR SELECTARLE LEVELS FOR EACH GF TWO
! INO EACH COUNTER. OCHANEL MATIRLIERR MD  HIGI VOLTAG SETTINGS OF THE - OWMNEL ELECTRON
, MLTIPLIERS. THE OPERATING LEVEL O T
DISCRIMINATOR 1S SELECTED BY REALTIME COMMAND.

15.4 OPERATIONAL ASPECTS

OPERATING MODES FOR THE INSTRUMENT ARE SELECTED BY
REALTIME COMANDS. AFTER THE INITIAL INSTRUMENT

[ et CECKOUT, IT 1S OPECTED THAT THE INSTRUMENT WILL

1 - REMAIN IN A SELECTED MODE FOR AT LEAST 24 HR FOR
= MOST ROUTINE OPERATIONS. INFLIGHT CALIBRATION OF

k . THE INSTRUMENT WILL BE PERFORMED ABOUT ONCE PER

ha DAY AND IS INITIATED BY REALTIME COMMAND.

» o

f .__1! DURING THE LIFETIM OF THE SPACECRAFT, MANY
e T— DIFFERENT OPERATING MIDES WILL BE (SED TO

L e [

INVESTIGATE A WIIE RANGE OF GEDPHYSICAL AND
MAN-PRODUCED EVENTS. THESE EVENTS WILL INCLUDE
GECMAGNETIC STORMS AND SUBSTORMS, SCLAR PARTICLE
EVENTS, FIELD-ALIGNED ION EVENTS, SOLAR ECLIPSES
BY THE EARTH, ION AND ELECTRON GUN OPERATIONS,
CREMICAL  RELEASES, AND ELECTROMAGNETIC WAVE
INJECTIONS .

|
j{rr_

Figure 15.2. Block Diagram
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OBSERVATIONS OF INTENSE TRAPPED ELECTRON FLUXES AT SYNCHRONOUS ALTITUDES

G T. Davidson o2
P. Filbert
R W. Nightingale
W. L. Imhof
J. B. Reagan
Lockheed Palo Alto -Research Laboratory
3251 Hanover Street
Palo Alto, CA 94304
E Whipple
University of California at San Diego

AESTRACT

The Lockheed High Energy Particie Spectrometer on the SCATHA sateliite,
P78-2, occasionally measures energetic electron fluxes near synchronous
eltituce that exceed the commonly cited Kenne! and Petschek trapping limit
Tweve cases have been analyzed in detail, including several from relatively
quiet times and from times when the spectrum became very hard. These were
compared with an energy-dependent fcrmulation of the trapping limit [Schulz
and Davidson, 1985], which predicts a steeply descending spectrum above the
minimum rescnant energy for wave grcwth, and a 1/E spectrum at high energies.
The spectrometer permitted pitch-angle resolution fine enough to resolve the
loss cone and to derive the anisotropies that were needed to make the
comparisons with the theory. In all the cases, over a wide range of
concitions, there was a region of the spectrum, although often less than 2
decade wide in energy, that closely maiched the theoretical spect-um. The
plasma densities derived from the minimum resonant energies were compared with
ion densities determined from the UCSD ion spectrometer aboard the SCATHA
sateilite. The agreement between the two supported the interpretation of the
energetic electron spectra K was concluded that flux limiting may occur much
of the time over a portion of the electron spectrum and that the overall
spectrum exhibits greater variability than can be simply explained by the flux
limiting process. The results were consistent with 8 model in which the
limiting process occurs by sporadic precipitation events, punctuated by
intervals of weak diffusion Numerical estimates of the energy-integrated flux
above the minimum resonant energy agreed well with the Kennel and Petschek
prediction. A new empirical energy-integrated flux limit of l{super *}

- 2 x 10{super 11}/L electrons cm{super -2} s{super -1} is suggested.

to be submitted to J. Geophys. Res., 1984.
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COORDINATED OBSERVATIONS OF PRECIPITATING ENERGETIC ELECTRONS AT HIGH AND LOW
ALTITUDES USING THE SCATHA AND P78-1 SATELLNES -

. P. C Filbert, J B. Reagan, R W. Nightingale, E E Gaines,
- G T. Davidson and W. L imhof

Lockheed Palo Alto Research Laboratory
3251 Hanover Street
Palo Alto, CA 94304

ABSTRACT

k Energetic electron data from the SCATHA (P78-2) spacecraft in the
near-geosynchronous orbit and the low altitude (600 km) polar orbiting P78-1
satellite are presented The Olson-Pfitzer geomagnetic field model was used
to determine when the two spacecraft were on the same magnetic drift shell.
Temporal flux profiles, differential energy spectra, and pitch-angle
! distributions from both satellites are compared for three conjunctions which
@ occurred during times of moderate (Kp=3) to intense geomagnetic activity
(Kp=6). In addition, a detailed comparison of the SCATHA SC3 electron spectrum
: at pitch angles which allow the electrons to access the P78-1 orbit is made
! with a series P78-1 spectra obtained as a function of L-sheil. The L-shell
with the best spectral agreement is used as an independent determination
of magnetic conjugacy in each of the three cases. It is found that in two of
the cases the agreement between the model-determined conjugacy and that
obtained by the spectral comparison is good even though there was moderate to
intense geomagnetic activity at these times. in the third case, a significant
difference was found despite the fact that it was the most quiet case and that
the measured magnetic field at SCATHA agreed well with the Oisen-Pfitzer
model. The pitch angle distribution of precipitating energetic electrons
measured by P78-1 is used to estimate the pitch-angle diffusion coefficient
and the wide-band wave intensity required for resonent scattering using the
theory of Kenne! and Petschek. The results are compared to SCATHA wave
measurements and order of magnitude agreement is found.

to be submitted to J Geophys. Res. 1984.




R e T R g

- T~ ~-

1EEE Tranwacnions on Nyl Soance. Voio NS-OA No 6 December 198)

Enhanced Radiation Doses to Migh-Altitude

Spacecraft During June 1980

E. E. Caines, R. W. Nightingsle, W. L. Ishof, and J. B. Reagan
Lockhesd Palo Alto Research Laborstory, Palo Alto, Cslif.

Abstract

During the period June 9 to 14, 1980 fluzes of
kigh energy electrons were greatly iantensified st
bigh altf{tudes. Since electrons with energies
greatef than a fev MeV cau penetrate mcuinal epece-
craft shielding and damage electronic components, the
fecreased fluxes during this period werq fuvestigsted
to determive the asture and extent of damsge they
night csuse to spscecraft in equatorial orbits pest
en altitude of 30000 km. It 1s comcluded that short
term effects such as charging asnd subsequent dis-
charge in dielectrics from the accumulation of elec-
troos stopped inm the material in & period of the
order of s day are more likely than total dose damage
over the fev days duration of high flux levels.

1. Introduction

Fluxes of energetic electrons at high altitudes
1o the outer radiatiocn belt were intensified to an
wnusual exteot, particularly for energies greater
thas 1 MeV, by a magoetic stors which began on
June 11, 1980. Since slectrons with these high ener-
gles can penetrate nominal spacecraft shielding sod
csuse damsge to electrounic components, the fluxes and
epnergy spectra of electrons up to 5 MeV in the time
period 9 - 14 Juoe 1980 were iuvestigated. Measure-
sents wvere made wvith the high~energy particle spec-
trometer known as SC-3 oo board the USAF Space Test
Program P78-2 spacecraft (Spacecraft-Charging-At-
Righ-Altitudes or SCATEA mission). Electron fluzes
and spectra from a selected region of space wvere
compared vith the National Space Science Data Center
(NSSDC) AZ-4 time-averaged model and earlier SC-3
data. The radiastion doses {p silfcon and the fluxes
penetrating various shielding thicknesses of saluainua
vere calculated for the measured and msodel gpectra.

2. lostrumentation

The SC~3 experiment messures electrons, protons
and alphsa particles osiog s solid state detector
telescope surrounded by a scintf{llation counter anti-
coipcidence sbield. Logic configurations among the
telescope detectors snd the energy range of analysis
ere selectable froom an fnternsl memory providing
large oumber of possidle wmodes of operation. The
standard preprogrammed wodes used routfisely fnclude
tvo energy rsages for electross (47 to 299 keV and
260 to 4970 keV) an! four proton ranges spanning 1.0
to 200 MeV. The instrument geometric factor of
3 =107 cnlgr and 1ts orfeststion on the spioning
vebicle slloved sccurate wmessurement of the high
flunes of electrons snd their pitch sngle distribu-
tions in the outer tadiation belt. A more detsiled
description of the experiment fs published elsevhere
(Ref. 1).

The P78-2 spacecraft vas launched on Jan. 30,
1979 e0d on Fed. 2, 1979 was boosted into ite fimal
ordit wich epogee st 43192 km, perigee at 27417 ka, a
7.9 degree fnclinstion snd s period of 2).397 hours,
vhich s oesrly earth synchronous. The spacecraft fo
spin stadilized vith s spin period of sbout ove wi-
aute. Thie ordit traverses the region of geomagnetic
space from L » 5.3 to 8.0 vhere L defines s dipole-

1ike magnetic eohell on whixh trapped charged
particles execute their spiral, bouodce and drife
sotions. At the magnetic equator, L s the distence
of the shell from the magnetic polar axis (in units
of earth radig).

3. Dats

The electron fluxes and energy spectra vere
selected for anslysis at L = 5.5. This region fa
sampled by the satellite tvice easch orbital revo-
lution mear perigee. PFrom ten minute periods cen-
tered at the L = 5.5 tise, 4.5 minutes of spin av
eraged data in each electron epergy range wvere ac-
cuaulated for 12 crossings of the L shell fn the
period Juse 9 to 14, 1980. Three of these spectra
that i{llustrate the trend of spectral “hardening”, or
an iocrease 1o the flux with focreasing ‘oergy, are
shovn ia Figure 1 along with a long ters time-
sreraged wmodel spectrum labeled °“RSSDC AZ-4 Mesn®
(Ref. 2). The AE-4 electron snviromment model deve-
loped by the NSSDC for spoch 1967 s for solar max-
iaum and therefore should be directly comparable to
the 1980 SC~3 data. [From Figure 1 1t is evideoc that
the eslectron spectra early in the period before the
onset of the magoetic stors were softer and less
intense thao the AZ-4 model for evergies grester than
1 MeV. By Juoe 13 the spectra vere more intense thao
AR~4 at high energies and at 2210 UT on June 14, the
last data currently asvailable for the period, the
flux {otensity for ecoergies greater than 2.6 MeV vas
the highest observed to that time fn the SCATHA ufs-
sion.

In Pigure 2 the differentisl fluzes in selected
SC-3 snalyzer channels are plotted versus time for
all of the L = 5.5 data in the June 9 to 14 period.
At the top of the figure, the geomsagoetic fodex Dy
is plotted. The sharp decrease in Dg¢ snd slov re-
covery over the three folloving daye clesrly mark the
wagnetic storm. While the lov energy channel fluxes
(X £ 200 kaV) vary by as such as s factor of five, Do
trend is evideot during the perfod. At high ener
gies, the trend becomes most pronouvoced with the
fluzes incressing monotonically by an order of
magnitude from June 11 to June 14 fo the 3.39 - 3.79
MeV channel. The relstively long stors recovery
period with several minor segstive D, excursious
{ndicating conticued magnetic activity esay eccount
for the large duildup of high energy fluxes.

[N Ansly:is

The penetratfon of alumioum shieldicg by elec~
trons wss calculated for the spectrs {o Figure 1
using & coaputer program which gives asn excellent
sisulation of electron scattering and evergy loss by
snalytic solution of a Fokker-Plsock diffusion equa-
tion. This code, an adaptation of the AURORA progras
developed by Walt et al., (Ref. 3), trests the geome~
try of electrons vith & specified sngular distribu-
tion fncident ou & plaoe shield mediun. The penetra-
tion depths of the fluzes obdtained by {iotegraticeg
esch of the four spectrs above seversl energies with
tsotropic angular focidence on one side of & plane
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Mappings of Energetic Electron Precipitation Following Substorms Using the

-

-

Satellite Bremsstrahlung Technique

W. L. hator, J. STaDSNEs®, ). R. KNer, D. W. DATLOWE, >
G. H. Naxano, J. B. REAGAN AND P. STAUNINGT

Space Sciences Laborstory, Lockheed Palo Alio Resesrch Leboratory, Palo Alto, Californie 94304

With as amay of collimated cadmium telluride spectrometers oo 8 spinning polas-orbiting satellite
(P78-1) a study has been made of tie energetic bremsstrablung X ray (> 21-keV) patierns following
substorms. From an altitude of ~ 600 km, X rays emanating from & wide range of magnetic iocal times can
be observed and the Jocal time profiles mapped 0o a given pam of the satellite across either polar eap.
Pronounced longitude variations in the X ruy inteasities and hence in the precipitating electron fluzes were
obecrved ia the daytime sector at various delay times after the onset of subsiorms near local midnight The
longitude profile features were found to persist over time periods of st least a few minutes. Longitude
variations in the energy spectra of the bremsstrablung X rays were also oblained, and in several cases the
specirs were found 10 be harder st later Jocal times after midnight, although no cousistent trends were
evident Coordinsted measurements of electroas from the SCATHA satellite at pear-synchronous orbit
revealed enhancements in the fluzes of trapped clectrons oa the dayside at the tisnes of the X ray events,
indicating & correlation between the trapped and precipitating electron fluxes. Additional information on
the longitude profiles of clectros precipitatios was obtained from nometer measurements in the Danish
chain, which also provided complete time historiss at the station loogitudes. The longitude distributions of
energetic eloctron precipitation as inferred from setellite X ray intcosity and from riometer absorption
measurements show very good agreement The riometer absorption 8! the Narssarssuaq statiop with a~ |
value of 7.3, uwﬁhwth:CAﬂAMmmwahmmﬂunmmﬁkwmmm
electron fluzes messured at SCATHA, showing s close association between the trapped and precipitating

fluzes of dectroas.

’ INTRODUCTION

It has been postulsted that electron precipitation in the
. mid-to-late morning bours may be directly associated with the

(\0 imjectiop and acceleration processes that occur during mag-

petospheric substorms in the midnight sector. This association
Tollows from a combination of the longitude drift of electrons in
the geomagnetic field and their precipitation. In the past the
phenomenon bas been studied with bremusstrahlung X ray
measurements laken from balloons, with riometer data, and
with direct electron observations at synchronous altitude.
From balloon X ray measurements, Barcus end Rosenberg
[1966] found that very extensive and intense precipitation
events are observed afier dawn and that their occurrence is
frequently correlated with a polar substorm. Using direct elec-
ron measurements at geosynchronous altitudes Pfitzer end
Winckler {1969] postulated a model in which energetic elec-
trons are created near local midaight and then gradient drift to
Iater local times. Evidence for large-scale azimuthal drift of
electrons during substorms was obtained by Armoldy and Chan
[1969] and by Rosen and Winckler [1970] from comperisons of
synchronous orbit data with ground-based riometer measure-
ments. From simultaneous measurements in the equatorial
plane and at balloon altitudes, Parks [1970] found that the flux
versus time profiles between precipitated and trapped clectrons
are extremely well correlated at local times between midnight
and noon. With ATS 5 data, DeForest and Mcliwain [1971)
discovered that a hot cloud of plasma is injected into the
midnight sector of the magnetospbere during each substorm

® Permanent sddress: Deparument of Physics. University of Bergen.
Bergen. Norway

t Geophysical Depsnment. Metcorolopcal Instiute, Kébenhave
O. Denmark

Copynght € 1982 by the American Geophysical Union.
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and that subsequently energy- and pitch-angle-dependent dis-
persions occur.

Further experimental support for the drift hypotbesis bas
come from the large-scale balloon observations of Sletten e: al.
{1971], who found that the average delay for onset of X ray
eveny increases with increasing separation from the midnight
sector. This was interpreted as an effect of the drift of electrons
in the magnetosphere from an acceleration region on the night-
side of the earth. Maral et a! [1973] discovered that the onsets
of X ray events become steadily more gradual as one goes
toward greater drift paths from the presumed acceleration
region. Kengas et al. [1974, 1975] found that moming activity
(often called SVA, slowly varying absorption, events) is delayed
with respect to the midnight activity though the time delay
varies from event to event. The energy spectral variations
during the SVA events in which the X ray flux softens initially
can generally be interpreted in terms of a drifting cloud of
electrons. The riometer dats of Berkey et al. [1974] indicate
that the dayside precipitation 1-2 hours after substorm onset
can be fairly localized (1-2 hours in longitude), with the local
time for maximum precipitation shifting eastward to later
MLT' at Jonger times from substorm onset. In most of these
earlier studies the particle distributions were assumed to move
only along a meridian or only in longitude, but it has been
emphasized by Kivelson and Southwood [1975] that acceler-
ation, inward motion, and cast-west drift are strongly coupled
processes in many instances.

In some SVA events, enhanced ionization occurs st altitudes
below the normal scattering height for forward scatter HF and
VHF transmissions, estimated to be ~7$ km, and such events
are then also classified as relativistic electron precipitation
(REP) events since it is thought that precipitated electrons with
energes between 0.1 snd | Mev are principally respoasible
[Bailey. 1968 Rosenberg e1 0l 1972). Afier onset of a substorm
the dela) time for daytime precipitation of energeuc electrons
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Satellite Bremsstrahlung X Ray Measurements at the Onset
of a Magnetospheric Substorm

W. L. IMHOF, J. STADSNES', J. B. REAGAN, J. R. KILNER, E. E. GAmas..D.:: W. DaTLOWE,
J. MoBiLiIA, AND G. H. NakanNoO

Space Sciences Laboratory, Lockheed Palo Alio Research Laboratory. Palo Alto, California 94304

Bremsstrahlung X ray (>21-keV) mappings and direct electron (>68 keV) measurements from the
low-altitude polar-orbiting satéllite P78-1 were performed at critical times and locations near the onset
of a magnetospheric substorm on July 3. 1979 at ~2149 UT. The bremsstrahlung X ray intensities
emitted from the aimosphere over a wide range of longitudes and L shells were negligible just before
the substorm onset, then rose 10 » maximum within about a minute or less. and remained at an
enhanced level for the next ? minutes. The onset time for the total intensities of X rays observed from
the P78-1 satellite was nearly the same as for the X ray flux increase at one of the SBARMO-19
balloons which were at fortuitous positions during the event and within the field of view of the satellite
X ray detectors. The simultaneous X ray measurements from the SBARMO-79 balloons and the P78-1
satellite indicate that the electron precipitation started at L = 5-5.5 without a significant precipitation
from higher L shells. In addiuon. the satellite data revealed a relatively sharp longitude decrease in
electron precipitation at positions east of ~30°E or at magnetic local times after ~1.5 hours.

INTRODUCTION

At the onse! time of a substorm, energetic electrons are
precipitated into the atmosphere. and the global spatial and
temporal morphology of this precipitation should reflect the
importance of local acceleration processes in comparison to
azimuthal drift or propagation effects of particles accelerated
eisewhere. Higher energy elecirons (in the tens of keV
region and upward) represent a significant portion of the
electron energy associated with a substorm, and they can
also provide important tracings of the magnetic field topolo-
gy and an indication of the more energetic accejeration
processes. The question of whether the energetic electrons
come from an existing population or are freshly accelerated
is 8 very important consideration that has been addressed by
several authors. It was found by DeForest and Mcliwain
{1971] that clouds of hot plasma are injected on a one-t0-one
comrespondence with magnetospheric substorms. The plas-
ma injected at times of substorms will subsequently disperse
in energy dependent clouds driven by the residual electric
field and by the magnetic gradient and curvature drifts, as
investigated by Mcllwain [1974). Moore et al. [1981) have
considered substorm plasma injections in which boundary
motion plays a major role. Based on the lack of riometer
response at higher latitude stations in several events, Baker
et al. [1981a) concluded that the injected electrons are newly
accelerated. When detailed information on the spatial, tem-
poral, and spectral characteristics of the precipitation be-
come available, one might hope to learn more about the
important question of whether a substorm is a directly driven
process [Akasofu, 1979, 1980] or whether there is a growth
phase [McPherron, 1970, 1972; Baker et al., 1981a, b).
However, the spatial dynamics of energetic electron precipi-

' Also with the Depariment of Physics. University of Bergen.
Bergen, Norway.
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tation at the onset time of a substorm has not been well
studied partly because of the difficulties of obtaining contin-
ual worldwide mappings at those energies. Until remote
sensing measurements of the precipitation of higher energy
electrons are performed from high-altitude satellites, it will
probably be necessary to piece the information together
from available data covering more limited regions of space
and time.

Proper studies of the precipitation of energetic electrons at
the time of a substorm can best be made from widespread
spatial and temporal observations. In this regard. nometer
measurements have been restricted in spatial extent and
direct particle observations from satellites or rockets are
quite limited in their usefuiness, although in certain cases
simultaneous measurements from more than one vehicie
have proven to be very useful [e.g.. Rossberg, 1976; Ross-
berg et al., 1977). High-resolution spectral and pitch angle
measurements near the equator at synchronous altitude
[e.g.. Parks et al., 1977)] have provided important informa-
tion on the source locations of particles during substorm
events. Postsubstorm electron precipitation extending
through the daytime sector has been investigated with
bremsstrahlung X ray measurements from low-altitude satel-
lites [Imhof e1 al., 1978, 1982) and from balloons [Barcus and
Rosenberg, 1966, Sietien e1 al., 1971, Maral et al., 1973;
Kangas et al., 1974, 1975). but X ray mappings night at the
onset time of a substorm are not generally available. Only a
few X ray results during the initial phases of the auroral
substorm, lasting 0-5 minutes {Akasofu, 1968]. have been
published [e.g.. Bjordal et al., 1971, Pyite and Trefall, 1972,
Pytie et al., 1976; Mauk et al., 1981; Kremser et al., 1982].
The lack of many observations may follow from the short
time duration and narrow latitude extent. The onset phenom-
ena are best studied with use of data from many widespread
coordinated measurements, and for this purpose the satellite
bremsstrahlung technique can be particularly useful. For
example. worldwide mappings may enable one to identify
strong longitude vanations, such as the occurrence of
growth in one longitude sector while expansion is going on in
another, as suggested by Wiens and Rostoher [1975). Also.
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REVIEW OF HOT PLASMA COMPOSITION NEAR GEOSYNCHRONOUS Af'l'lTUDE

- Richard G. Johason
- Lockheed Palo Alto Research Laboratory
and
= University of Bernt

SUMMARY

The information available on the hot plasma composition at and near the
geostationary satellite orbit has increased dramatically during the past four
years. . At energies below 32 keV, ions of terrestrial origin (0t and He') are
frequently observed to be significant contributors to the hot plasma density
and energy density, and during geomagnetically disturbed periods, Ot ions are
frequently the dominant ions. During geomagnetically quiet periods Ht ioms

, are typically the dominant hot plasma ions. Evidence for a solar cycle depen-

| dence to the 0% hot plasma densities at the geostationary orbit has been found.
Our understanding of the details of the physical processes involved in the
entry, acceleration, transport, and loss of the plasma ions, and thus our
ability to model them, is still quite limited.

INTRODUCTION

As recently as the lst Spacecraft Charging Technology Conference in 1977,

quantitative measurements on the ion composition of the hot (0.1-30 keV) plasmas
l near the geostationary satellite altitude had not yet been performed (ref. 1).
. The plasma composition in this region of the magnetosphere was inferred primar-
' ily from composition information obtained on similar magnetic L-shells but at
. much lower altitudes. Such observations led to the conclusion that, at least
during geomagnetically disturbed periods, there were significant fluxes of 0%
ions as well as protons in the hot plasmas near the geostationary satellite
altitude and that the ionosphere was the origin of the 0% ions as well as some ’
of the protons (ref. 1). -

® ...
- Il .v' .A‘-.“ .
T U

Prior to the work of Shelley et al. (ref. 2) in 1972, it was generally
believed that the energetic ion population in the magnetosphere was always e
dominated by protons (H*) and that the source of these ions was the solar wind -

-(ref. 3 and 4). This viewpoint was specifically reflected in the summary of the L

TMost of the unreferenced data presented in this review was reduced and analyzed o]
vhile I was a Visiting Professor at the University of Bern. 1 am indebted to RSN
Professor J. Ceiss and Dr. H. Balsiger for making the visit possible and wish R
to thank them and other members of the staff at the Physikalisches Institut ’, 1
for making my visit both productive and enjovable. This rescarch was sponsored c
by the University of Bern and the Lockheed Palo Alto Research Laboratory. O

Spacecraft Charging Technology 1980, Conference
Proceedings, Edited by N. J. Stevens and C. P. Pike,
NASA CP 2182 1981
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i SCATHA OBSERVATIONS OF SPACE PLASMA COMPOSITION >
DURING A SPACECRAFT CHARGING EVENT?

- R. G. Jobason, R. Strangeway, S. Ksye, R. Sherp, and E. Shelley
_ Lockbeed Palo Alto Research Laborstory
I -

SUMMARY

During the earth eclipse of the SCATHA spacecraft on 28 March 1979,
- the spacecraft charged to potentials greater than 1KV for about 30 minutes
with extended excursions greater than 4KV. The composition of the hot
plasma was obtained in the 0.1 to 32 keV energy range with an ion mass
spectrometer aboard the spacecraft. Prior to the onset of the charging
event, Ht was the principal plasma ion, and during the event ot was the
principal ion. The composition was energy dependent and varied significintly
) on a time scale of 4 minutes. An assumption that the ion flux was all H
would lead to computed number densities that were in error by more than a
factor of 2 for several time intervals during the event.

INTRODUCTION

'
.

The number density of the hot plasmas that produces spacecraft
charging 1s frequently determined from on-board measurements of the ion
fluxes with energies above the spacecraft potential. To determine ion den-
sities from flux measurements, mass composition of the plasmas must be known

i or assumed. Also, the secondary electron production by keV ions incident on
spacecraft surfaces is often strongly dependent on the ion mass. Prior to
1977 vhen hot plasma composition measurements at high altitudes in the equa-
torial regions began, it was generally assumed that H' was the dominant hot
plasma ion (ref. 1). Measurements extending up to 32 keV have now estab-
lished that O fons are frequently significant contributors to the plasma

) density and during times of high geomagnetic activity are often the dominant
hot plasma ions (ref. 1, 2, 3).

- The SCATHA spacecraft has provided the first opportunity near the
’ geostationary spacecraft altitude to obtain the hot plasma composition dur-
. ing spacecraft charging events that produce potentials above a few hundred
) volts. (The GEOS spacecraft, which also obtained hot plasma composition
: measurements (ref. 2), did not charge to high potentials.) This report
provides composition information during the charging event on 28 March 1979
with a time resolution of 4 minutes.

*This research has been sponsored by the Office of Naval Research and the
) U.S. Air Force under contract N0O0014-76-C-0444, and by the Lockheed Inde-
pendent Research Program.

Spacecraft Charging Technology 1980, Conference
Proceedings, Edited by N. J. Stevens and C. P. Pike,
) NASA CP 2182 1981
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Hot Plasma Composition Results from
the SCATHA Spacecraft

R. G. Jounson,® R. ). STRANGEWAY.* E. G. SHELLEY.®
J. M. QUINN® and S. M. KAYE®®

®Lockheed Palo Alio Research Laboraiory, Palo Alio, California 94304. U'.S.A.
**Plasma Physics Laboratory, Princeron University. Princeton. New Jersey 08544, U.S A.

(Received July 19, 1982)

The SCATHA spacecraft provides hot plasma (D.1-32keV) composition
measurements near the equatorial plane in the L-shell range from about 5.310 8.3. The
SCATHA mass spectrometer has provided the first routine pitch angle distribution
measurements as a function of the ion mass near the equatorial plane and has doubled
the upper energy range of previous plasma composition measurements. lon pitch angle
distributions are ofien found to be highly anisotropic, temporaily/spatially structured,
and mass dependent. During geomagnetic storms, hot plasma ions of ionospheric
origin are found to be a major and frequently dominant component of the ion number
and energy densities in the outer ring current region of the magnetosphere. Following
magnetic substorm-injection events. energy-dispersed drifting ion clouds observed at
the SCATH A orbit often contain large fluxes of O ions and provide insight into the
spatial ‘temporal history of the ions. The composition of the intense warm (about
10-500 eV ) ion fluxes trapped within a few degrees of the magnetic equator has been
found to be dominated by H™ ions at the measured energies above 100 eV.

1. Introduction

The SCATHA spacecraft was launched in January 1979 into 2 high altitude
elliptical and nearly equatorial orbit to investigate spacecraft charging at the high
altitudes (hence SCATHA) and to investigate the plasma and wave environments
which lead to spacecraft charging. A wide range of particle and field instrumentation
was included in the payload, as well as ion and ejectron guns and a set of engineering
experiments for spacecraft charging studies. Details on the instrumentation and on the
program objectives are contained in a report by STEVENS and VaMPOLA (1978).

The SCATHA spacecraft is in a nearly geosynchronous orbit with apogee at
7.8 R,. perigee at 5.3 R,. and an inclination of 7.9¢. The orbital period is 23.7 hours,
resulting in an eastward drift of the groundtrack by about 5° per day. The spacecraft is
spin stabilized with a spin period of one minute. The spin axis lies in the orbital plane
and is perpendicular to the sun-earth line typically within 5°.

The SCATHA payload includes the Lockheed ion mass spectrometer for hot
plasma composition measurements in the energy range 0.1 to 32 keV/q. The mass
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The Radial Gradient of 0.1- to 32-keV H* and O* and the Azimuthal Wave
Electric Field as Inferred From a Large-Scale Dayside Pulsation

S. M. KAYE' AND E. G. SHELLEY -7
Space Sciences Laboratory. Leckheed Palo Alio Research Laboratory, Palo Alio, California 94304

In this report we use 0.1- 10 32-keV H* and O Aux modulations observed during a large-scale dayside
pulsation event at ~6 R, near the equatonal plane on April 4. 1979, 10 estimate the azimuthal wave elec-
tnic field and spatial radial gradignt of the phase space densities for the two ion species as a function of
energy. We first find that the average azimutha! electric field associated with the wave has an amplitude
of approximately 10 mV/m: this electric field magnitude can cause field lines to be displaced ~1.5 R,
dunng the course of an oscillation. Becuase of the large field displacement we can infer the ion distnbu-
uon spauial radial gradients (rom a theoretical expression which describes the effects of a resonant hydro-
magnetic wave on & particle distribution. We find that for both H* and O°, 3f/aR < 0 for all energies. In
addiion, we find that the spatial scale length for changes in [ for both O* and H* is generally of the

order of several earth radu.

INTRODUCTION

In recent years the capability of using particle measure-
ments (o study hydromagnetic oscillations of the magnet-
osphere has been realized. Various studies have used observa-
tions of particle oscillations to analyze different features of the
hydromagnetic wave. Lin et al. [1976) showed that local Fermi
and betatron acceleration in compressional wave events with
2- to 12-min periods could accouat for the observed oscilla-
tions of 50-keV 10 1-MeV electrons. From the 90° phase shift
between the plasma and Pc 4 magnetic waves, Cummings et al.
[1978) inferred that they were seeing standing field line oscil-
lations with the plasma oscillations caused by the E x B drift
motion induced by the wave electric field. Kokobun et al
[1977] arrived at a similar conclusion for low-energy (<600
eV) plasma oscillations during a Pc 5 event, but they also
found that the phase of 79- 10 330-keV particle oscillations
with respect to the magnetic oscillation depended on energy
and local time, suggesting a coupling detween the magnetic
drift motion of the energetic particles and the azimuthal elec-
tric field of the wave. Hughes er al. [1979] also found low-en-
ergy protons in quadrature with 8 compressional Pc 4 mag-
petic fluctuation, again indicative of the plasma drift velocity
induced by the wave electric field. and they also found that
the higher-energy protons were in antiphase with B and thus
the total perpendicular pressure was conserved. Hughes et al..
found further that electron oscillations at most energies were
out of phase with B, and they concluded that the effects of the
wave-induced drift velocity were not important because elec-
trons have much higher thermal velocities than protons of the
same energy. Singer and Kivelson [1979)] used ion density fluc-
tuations to identify the electric perturbation of & Pc $ oscilla-
tion when Ogo 5 was at a node of the magnetic oscillation.

It is the purpose of this brief report to examine particle be-
havior during a large-scale, long-period compressional oscilla-
tion of the magnetosphere 1o infer properties of the wave as
well as the spatial distribution of H* and O°. The data that we
will be using were obtained from the Lockheed ion mass spec-
trometer aboard the Scatha satellite. Scatha was launched into
8 near-equatorisl, near-geosynchronous orbit in January

' Now at Plasma Physics Laboratory, Princeton Usivermty, Prince-
ton, New Jersey 08544.

Copyright © 1981 by the American Geophysical Union.

Paper number $0A 1514,
0148-0227/81/080A-1514301.00

. O SNEVRN. ST ST T . S S WO AT W WL NP W, U Wi S Y Datadinn

1979. Although similar in design to previous Lockheed in-
struments. the mass spectrometer aboard Scatha can sample
the encrgy range from 0.1 1o 32 keV/q. Previous instruments
could measure the various ion species with energics only up to
~15 keV/q. The Scatha instrument is also capable of sam-
pling practically the entire pitch angle range each spin (~1
min). For a more complete instrument description, see Kaye ef
al. [1981).

As we shal| see, the large-scale and long-period wave eveat
of interest prevents us from explaining the corresponding par-
ticle oscillations by a single mechanism. For instance, the be-
tatron acceleration due to the compression of 8 cannot be
used alone to explain the particle response; effects due to field
line motion and the existence of a spatial radial gradient in
the particle distribution as well as the acceleration of particles
by the wave electric ficld must also be recognized. By assum-
ing that the radial gradient of the particle phase space density.
3//dR. is independent of energy over a limited range of
encrgies, we can estimate the azimuthal wave electric field
from differences in the phase space density, at various wave
phases. of ions in that energy range. lterating this process. we
find the best estimate for the wave electric field to be 10 mV/
m = 15% peak to peak; such an electric field can cause a field
line displacement of ~1.5 R,.

With this value for the wave electric field we then compute
the radial gradients (8f /aR) of H* and O" for energies from |
to 30 keV. For the particular storm of interest, on Apnl 4.
1979, we find that 3f/dR < O for both H* and O" in the energy
range from | to 32 keV. In addition, the spatial scale lengths
for changes in [ were typically of the order of several earth
radii. We have previously shown (R. G. Johnson et al., 1980)
that during this storm, O* was the dominant ion over the en-
tire energy range. Furthermore, we presented evidence 10 sug-

gest that the >1-keV O° and H* ions were energized in pan °

by earthward adiabatic convection. The similarity of the
radial gradients and spatial scale lengths for O° and H* that
are calculated in this study is further evidence that for
energies of >1 keV these two ion species underwent similar
transport and/or acceleration processes.

OBSERVATIONS AND CALCULATIONS

The pulsation event of interest occurred on Apnl 4, 1979,
and was seen by instruments aboard Scatha from ~0400 to
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Observations of Transient H* and O* Bursts in the Equatorial Magnetosphere

S. M. KAYE,' R. G. JOHNSON, R. D. SHARP, AND E. G. SHELLEY _

Space Sciences Laboratory, Lockheed Palo Alte Research Laboratory, Palo Alto, California 96304

Twenty-two days of data from the Lochkeed ion mass specirometer aboard the Scatha satellite were

- wsed 10 pesform a statistical study of shon-lived H* and O® bursts observed in the equatorial magnet-
osphere. The results of the study indicate that the ion bursts were transient phenomena occusring primar-

ily in the nighttime sector during periods of enhanced geomagaetic activity. The average energy of the

bursts, (¥), was 1 keV, altbough the bursts were found (o occur over any portion of the instrument’s

100-¢V to 32-keV energy range. Over one third of the observed bursts were associated witl, field-aligned
electrons flowing from the same bemispbere as the bursts. The energy width (AW/(W, « () and the

pitch angle width (as great as 30°) of the bursts suggest that the ions had undergone substastial velocity

space diffusion close to the geomagnetic equator.

INTRODUCTION

One of the more exciting topics in current space research is
the role of the heavy ion constituent in magnetospheric dy-
pamics. The picture that is emerging has the heavy ions acting
as more than just a minor perturbation in the magnetosphere;
as ope example, Comwall and Schulz [1979] and Kaye et al
{1979] demonstrated that both cold and energetic heavy ions
could dramatically affect electromagnetic wave propagation
below the H* gyrofrequency and thus influence ring current
decay. Heavy ions of ionospheric origin are not confined to
the inner magnetosphere. Ghielmetti et al. [1979b}, Frank et al
{1977), and Hardy et al. [1977) all observed streaming O° in
the magnetotail out to distances of ~23 R, 35 R,, and 60 R,,

' respectively.

lonospheric ions can be used also as probes of adiabatic
and ponadisbatic acceleration mechanisms at low altitude.
lon beams, distributions with peak fluxes in the direction of
the magoetic field line, are indicative of a parallel acceleration
mechanism and were frequently observed aboard S$3-3
|Shelley &8 al, 1976, Sharp et al., 1977, Mizera and Fennell,
1977; D. J. Gomey et al,, unpublished manuscript, 1979}. Evi-
dence for a transverse heating mechanism has been in the
form of the ion conic, a distribution symmetric about the field
line direction whose flux peaks at some oblique pitch angle
[Sharp et al, 1977, Mizera et al., 1977, Kiumpar, 1979, Ung-
strup et al, 1979). Transverse heating was also inferred from the
10°-20° width (FWHM) of field-aligned ion distributions
{Ghielmetti e1 al., 1978, 1979a). The theoretical work of Kindel
and Kennel {1971] indicated that electrostatic ion cyclotron
waves, which could produce such transverse heating, could be
destabilized by electron drifts at an altitude of several thou-
sand kilometers. Lysak e1 al [1980) used this idea to study the-
oretically ion beating by electrostatic ion cyclotron turbu-
lence. Perkins et al [1976) showed that these waves could be
destabilized also by ion beams. Very recently, Kinmer et al.
[1979] presented simultaneous low-altitude observations of
electrostatic hydrogen cyclotron waves and upflowing ener-
getic ions (H* and O°) demonstrating, for the first time, the
close relstion between these ions and waves. Lemnarisson
{1980) has suggested that transverse ion beating and genera-
tion of ion cyclotron waves arise as a patural consequence of

'Present address: Plasma Physics Laborstory, Princeton University,
P. O. Box 451, Princeton, New Jersey 08544,
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the interaction between the hot auroral plasma and the geo-
magnetic field.

In & previous study, Ghielmetni er al [1978] performed a sta-
tistical analysis of upflowing ion events (UFI), consisting of
both beams and conics, observed in the energy range from 500
eV o 16 keV on the S3-3 satellite. The key results of this
study were that the UFI coincided spatially with the Feldstein
auroral oval, the occurrence frequency of UFI increased with
increasing altitude (showing s sharp rise in frequency at 5000
km), and the UFI occurred predominantly in the dusk local
time sector with very few events between midnight and dawn
local times.

In a very recent study, D. J. Gomey et al. (unpublished
manuscript, 1979) extended the Ghiclmetti et al. study by dis-
tinguishing between beams and conics in the energy range 90
¢V 10 4 keV. This procedure enabled Gorney et al. to point
out the differences in character of the two types of distribu-
tions. For instance, during quiet times (Kp < 3) the conics ex-
hibited a broad local time distribution peaked near noon.
while the beam local time distribution peaked in the pre-
midnight sector. Whereas conics were observed most fre-
quently at aititudes greater than ~2000 km, beams were ob-
served most frequently above 4000-5000 km. In addition,
both the beams and the conics were found to occur more fre-
quently at energics of <400 eV than at energies of >400 eV.

The situation changed during periods of high geomagnetic
activity (Kp Z 3). During these times, conical distributions
were spread uniformly in local time, but beams exhibited a
stropg local time dependence with their occurrence probabil-
ity peaking near dusk. The altitude distribution of beams re-
maiped unchanged, but the conics had an altitude distribution
which increased systematically with altitude above 4000 km.
Moreover, the beams were observed more frequently during
disturbed than during quiet times, and during these disturbed
times the beam energies were >2 keV approximately 50% of
the time. o general, the results of the Gomey et al. study,
which distinguished between beams and conics, were consis-
tent with those of Ghielmetti et al, in which no distinction be-
tween the two types of distributions was made.

Downflowing ions on S3-3 were also reported by Ghielmerti
et al (1979a]. From the observed pitch angle widths (FWHM
~ 20°) and from the fact that downflowing ion events oc-
curred far less frequently than upflowing ion events, Ghiel-
metti et al [1979a] concluded that strong pitch angle scattering
was isotropizing the ion distributions in most cases withia one
half of a bounce period.
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Ion Composition of Zipper Events

S. M. KaAYE, E. G. SHELLEY, R. D. SHARP, AND R. G. JOHNSON

i

Space Sciences Laboratory, Lockheed Palo Alto Research Laboratory, Palo Alto, California 94304

> . Adclas of ion distributions bas recently beca identified by Fennell et al. (this issue). The distributions

- are composed of two components, 8 low-energy component with peak fluxes directed along the field line
and a high-energy component with peak fluxes in the perpendicular direction. The transition between the
WO COmpOnents occurs over & very narrqw range of energies but can occur anywhere between approxi-
mately several bundred electron volts and 20 keV. Because of the appearance of this distribution on an
naummﬁmmtbeionmnuhvebeenwlcdxippen‘nepurpouonhisnponis w0
sxamine the mass composition of the zipper events. We find that the low-energy and paraliel component
is composed primarily of O*, with, (o & lesser degree, H* and a trace of He*. The high-energy and per-
pendicular component is predominantly H*, with the relative abundances of O* and He* down from
those of the low-energy compoanent by a factor of ~10. These results suggest that whereas the low-energy
compoaent is probably ionospheric in origin, the source of the high-energy component is most probably
the plasmasheet

INTRODUCTION

In a companion paper, Fernell et al [this issue] present
some rather interesting observations of ion distributions near
synchronous altitudes. From data obtained aboard the
SCATHA (P78-2) satellite, Fennell et al found numerous ex-
amples in which the low-energy portion of the ion distribution
peaked in a direction parallel to the field line, while the
higher-energy fluxes peaked in a direction perpendicular to
the ficld line. There was a well-defined transition energy any-
where between several hundred electron volts and ~20 keV at

~-hich the distributions changed from field aligned 1o trapped.

{. 1en viewed in an epergy versus time spectrogram format,

¢ intermeshing of these two portions of the ion distribution
within a narrow energy range gave the appearance of a zipper.

As is discussed by Fennell er al [this issue), field aligned ion
distributions in the equatorial region near synchronous orbit
are not new. Field-aligned equatorial distributions have been
reported by Mclhwain [1975), Borg et ol [1978), Geiss et al
{1978]. Comfort and Horwitz [1981], and Kaye et al (1981].
The source of these distributions was generally believed to be
the ionosphere. Fennell et al attempted to determine whether
the low-energy and parallel portion of their observed distribu-
tions originated from a source different from that of the high-
energy and perpendicular portion. Although Fennell et al
suggested that indeed the two portions of the distributions had
different sources, they deferred to the mass composition mea-
surements to settle this question.

It is the purpose of this paper to investigate the ion mass
composition of the zipper distributions observed by the
SCATHA satellite to determine whether different source regions
are implied for the high and low portions of the distributions.
Such differences are in fact found. The low-energy and field-
aligned portion of the zipper distribution is composed primar-
ily of O*, along with some H* and traces of He*, suggesting
that this portioa of the distribution was ionospheric in origin
(Shelley et al, 1972, Johnson et al, 1974). On the other hand,
the higher-caergy, perpendicular particles were primarily H*,
with the relative O* abundance down from that of the lower-

~ergy population by about a factor of 10. Consequently, our
alts indicate that whereas the low-energy, parallel fluxes

Copyright © 1981 by the Amenican Geophysical Union.

were probably directly injected from the ionosphere, the
higher-energy, perpendicular fluxes were most probably con-
vected in from the plasmasheet.

The data that we use were obtained from the Lockheed ion
mass spectrometer aboard the SCATHA satellite. The mass
spectrometer is capable of measuring the various ion specics
in the energy range 0.1-32.0 keV and is capable of sampling
practically the entire range of pitch angles each spin (~1 rpm).
For a more complete description of the instrument, see Kaye
et al [1981), and for a description of the orbital parameters of
the SCATHA satellite, see Kaye er al [1981) or Fennell et al.
(this issue).

For our study we examined eight zipper events, each eveat
interval being 1 hour long. A list of the eight events, the satel-
fite position midway through the interval, and the transition
energy 8s identified on the Aecrospace spectrograms (D.
Croley, private communication, 1980) is given in Table 1. A
selection criterion for the events was that the transition energy
remain constant throughout the 1-hour interval

DATA
Energy Specira
The zipper events identified in the Acrospace spectrograms
clearly showed a predominance of 90° pitch angle particles
above the zipper energy and a predominance of 0° pitch angle
particies below the transition energy. What will become clear

TABLE 1. Date, Universal Time, L Value, Dipole Latitude, Mag-
petic Local Time, and Transition Energy (as Identifiecd From the
Acrospace Spectrograms) for the Eight Zipper Events Studied Here

Zipper
Energy.
Date, 1979 uT L Ap  MLT  keV
Feb. 22 1100-1200 17  §] 6.5 46
2100-2200 6.7 159 143 24
March 28 0230-0330 18 =55 % -0

0400-0500 70 =36 9.0 ~6
0630-0730 64 -13 112 ~4

March 29 0230-0330 74 =513 80 ~10
March 30 0700-0800 $5 -8 16.3 -3
April 4 0600-0700 58 ~4) 134 14

Paper anumber 1A014). 3383
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Composition Messurements of Warw Equatorially Trapped lIons Near Ceosynchronous Orbit

J« M. Quinn and R. G. Johoson

Lockheed Palo Alto Rasearch Laboratory, Palo Alto, CA 94304

Abstract. The mass composition of the intense
vars (E ~10-500 eV) 1om populations trapped within
a few Jegrees of the geomagnetic equator io the
tange L = 5.3-6.5 are examined using data from the
Lockheed Ion Mass Spectrometer on the SCATHA
spacecraft. The equatorially trapped ions, within
the measured energy range BE/q > 100 eV, are found
to be predominsntly protons. These ions can be re-~
moved and replenished from the region sampled on
time scales shorter than one day. Several recent
vorks have focused on the energization of Be' 1n
the equatorial region by ion cyclotron waves. It
i1s oow evident that an energization and/or trans—
pcrt process ig required which produces equatorial
B* populstions similar to those that have been
predicted for He'.

Intense fluxes of ions trapped within a few
degrees latitude of the magnetic equator ip the
rasge L = 5.3 - 6.5 have been reported by Olsen
(1981) using data from the UCSD Charged Particles
Experiment on the SCATHA spacecraft. These ions
are extremely anisotropic with a peak at 90° pitch
ansle 8nd decreasing by over an order of magnitude
107-20" away from the perpendicular to the field
line, with broader distributions at lower ener—
gles. The occurrence frequency for this popula-~
gstion in the measured local time region from 0900~
2200 was 30-502. A systematic study of the comp-
osition of this population has mot previously been
conducted.

Recently several workers have focused on the
possibility of a substantial Het population trap-
ped 1in the geosynchronous aquatorial region.
Young et sl. (1981) have reported GEOS -1 and -2
seasuresents showing Het heating to bundreds of eV
coincident with the onset of ion cyclotron waves.
Mauk et al. (1981) bave interpreted a wave frequ-
ency gap near the Hetcyclotron frequency as being
due, 1o psrt, to Eetion cyclotron resonance. Mauk
(1982) bas also predicted that the wave generation
process will leave an energizred Het population
concentrsted predominatly mnear the geomaguetic
equator (3<3%°). One candidste for wave-hested
Be* e the equatorislly trapped fon population
reported by Olsen (1981).

Horwitz et al. (1981) bave examined “pancake
distributions” below 100 eV using data from ISEE-
-1. These panceke distributions were found in both
B* and Het. Hovever the distributions observed by
Horwvite et al. extended to magnetic lacitudes of
30° (corresponding to an equatorial pitch angles
of 34° 1o a dipole field) and included a broader
selection criteria than the sarrovly confined
“equatorially trapped” population reported by
Olsen. The observations of He* heating by Young et
al. (1981) were more than 10" off the magnetic
equator in three of the four cases investigated.

- Copyright 1982 by the American Geophysical Union.
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In the one case at 3.1° magnetic latitude, pitch
sngle dats were not presented. Thus, their fon
observations appear to be generally associated
vith a different population than that reported
vithin a few degrees of the equator by Olsen
(1981).

In this report we discuss results from the
Lockheed lon Mass Spectrometer onboard the SCATHA
spacecrafr for eight crossings of the magnetic
equator during which the intense trapped fons with
energies above 100 eV were present within a few
degrees of the magnetic equator. Data from 3 of
the 8 cases are presented and discussed in detail.
The obcervations presented below show that the
portion of the anisotropic, equatorially trapped,
iorn population above 100 eV/5 consists primarily
of protons. '

The 4nstrument consists of three asnalyzers,
each covering B energy steps in contiguous por-
tions of the range from 100 eV/q to 32 keV/q. The
data in this report are taken from the “sweep”
mode, in which each analyzer head cycles through 8
energy steps ip 16 seconds, spending 2s at each
energy. A 32 point mass-per—charge spectrum is
sampled during each two second period. The FWHM
pitch angle resolution is 5 . Pitch angle sampling
is accomplished by spacecraft spin, with a spin
period of spproximately 1 minute. A more detailed
description of the ipnstrument {s given dy Kaye et

. al. (1981).

Observations

Three examples of equatorially trapped ioms
were chosen for detailed presentation. The energy
range of the equatorially trapped population for
the selected events extended well into the bund-
reds of eV, within the range of the mass spectro-
meter. The March 22, 1979 case may bold special
interest because of its coincidence with one of
the CDAW-6 gericds. (The Sixth Coordinated Data
Analysis Workshop (CDAW-6) is an international
cooperative study focusing on energy transfer in
near-Esrth space for two selected periods.)

May 16, Day 136, 1979

The first case snalyzed, day 136 of 1979, was
chosen to allow direct comparison with the data
publighed by Olsen. The SCATHA sgpacacraft at the
ti3e Of :interest WaE crossing the geomagnetic
equator pear local dusk, at a radial distance of
approximately 5.5 RE

In order to examine the mass composition of the
equatorial fons, the data were sorted into six 15
pitch angie bins, folded about 90 . The counts in
the lowest three emergy channels (100, 129, 165
eV/q) were summed over the balf bour interval from
18:00 to 18:30 UT. The counts/sample were then
plotted versus pitch angle for the four species H'
Bet , HeH O,

Figure | shows the relative counts per sample
(including background) for H* and He'. The data
have been sormalized by the maxiwum counts/sample
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Observation of Ionospheric Source Cone Enhancements at the

Substorm Injection Boundary

J. M. Quinn
Lockheed Palo Alto Research Laboratory

Palo Alto, Cslifornia 94304

R. G. Johnson
Office of Science and Technology Policy

Washington, D. C. 20506

ABSTRACT

A large mmber of time varying electron and ion features, such as those
observed in energy-time spectrograms of data obtained near geosynchromous orbit,
have been previously explained thtoug.h the use of an injection boundary wmodel.
This model describes such features in terms of the dispersion signatures of
fresh, hot plasma which 1s "injected" into an extended region tailward of an
injection boundary at the time of substorm onset. Using data from the Lockheed
ion composition instrument and the UCSD electron and ion analyzers on SCATHA, we
present two events indicating that innermost edge of the injection region 1is an
especially important location for the substorm input of ionospheric ioms. The
1n_1_e,c§:lon signetures are identified by comparison of electron and ifon data with
the dispersion features predicted by various electric and magnetic field models.
In both events the ion composition data show intense, narrow energy, field-
aligned 0+ fluxes on the limiting edge of the dispersing ioms. This feature

corresponds to jons which can be backtracked to localized positions in the

Submitted to J. Geophys. Res. 1984
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vicinity of the injection boundary at the onset time. We conclude that the
injection boundary, which corresponds statistically to the equatorward edge of
the suroral oval, is at times the location of direct ionospheric=input into the
tra'pped. energetic particle population.

INTRODUCTION

One of the most commonly observed ion populations in the wvicinity of
geosynchronous orbit is the field aligned distribution occurring, typically, at
energies below a few tens of keV, This pitch angle distribution was termed a
"source cone" by Mauk and McIlwain (1975), in contrast to the loss cone distri-
bution seen at higher energies. Fennel et al. (1981) studied occurences of the
combined source and loss cone distributions, which they called a "zipper distri-
bution" because of the appearance of the spin modulated data on a @pectrogram,
and noted that substorm injection ‘events both increase the intensity of the
source cone jons and change the upper energy cutoff.

Geiss et al. (1978), during special maneuvers of the GEOS spacecraft which
allowed good pitch angle sampling, reported ion compostion measurements of low
energy field-aligned ions which were apparently of recent ionospheric origin. A
larger data base of compostion measurements with good pitch angle sampling was
provided by the SCATHA spacecraft which allowed Kaye et al. (1981) to determine
that the source cone portion of the zipper distribution is composed primarily of
0+. It should be noted however that these measurements were made near solar
maximun, and long term studies of near 90 degree fluxes with the GEOS spacecraft
(Young, 1982) imply a strong variation in ifonosperic input with solar cycle.
Although the data taken at geosynchronous altitudes clearly indicate an iono-
spheric source for the source cone population, the pitch angle distributions

measured nesar the equator are fairly broad (half width approximately 20°) and
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RESULTS OF THE SCATHA TON COMPOSTTION EXPERIMENT DURTNG THE TS

t»

Jo M. Ouinn and B, G. Shelley

Lockheed Pslo Alto Resesrch Laboratory e
-Palo Alto, California, USA :

ABSTRACT

fot plasma cowposition seasurements (E/q=0.) -

32 keV/e), made vwith the near equatorisl SCATHA
spacecraft at geocentric distances of S.3-7.8 .
provided the first routine pitch sngle distribu-
tfons of jon composition in the vicinity of geosyn-
chronous orbit. Pronounced pitch engle and spec-
tral differences between fon species, in eoddition
to temporal vsristions vithin esch species, ore
indicative of many of the complex source, energl-
zation, trsnsport, sand loss sechanisms st pley in
the magnetosphere. Jon populations of interest
include: 1) field aligned ions belov seversl kev
which are primerily lonolphsric; and 2) more
energetic fons peaked st 90" pitch sngle, and 3)
intense equatorislly trapped ions below s few
hundred eV, vhich are composed priwmarily of
protons. Jonospheric plssma has been observed to
take pert in the substorm injection process, snd
there is evidence of an enhanced fonorrheric source
at the jnner edge of the injection repion.

Reywords: Jon Composition, 10no.pher£c Yons,
Substorm Injection, Equatoriaslly Trapped Jons,
Piteh Angle Distributions, Source Cone Jons

1. TNTRODUCTION

The SCATHA spececraft (P7R~2) was placed into an
elliptice] crbit with apogee of 7.8 P and perigee
of 5.3 R_ in February, 1979. The orbft inclinstion
is spproximetly 8% and the period is somevhat less
than 24 hours, result%ng in sn esstward drift of
the groundtrack of =5 /dey. The spacecrsft spin
period is nesrly one minute, with the spin sxis
lying in the orbital plane, perpendicular to the
earth-sgum line.

The lockheed mass gpectrometer on SCATHA makes
coapnsition measurements of fons in the encrpy
range E/q = 0.1 - 32 keV/e ond the maas Tange M/q =
1-32 AMI'/e. The Snstrument is oriented 1! from
the spin sxis norpsl snd routinely obtains good
pitch angle coverage, with the look directfon often
pessing vithin a few degrees of parsllel or enti-
parsllel to the mapnetic fleld. Pitch angle
Tesvlutivo fs 5° Fulii., Furtber detsils of this snd

To be published in
Proceedings of the Symposium on the

other SCATHA instruments are given by Stevens and
Vampola (Ref. 1). A recent review of the SCATHA
hot plasma composition results is given in Ref. 2.

2. SOURCE CONE IONS

Two frequently observed ion populations seen near
geosynchronous orbit are the field-aligned ions at
encrgies below several kev (termed the "source
cone" by Mauk and Mcllwain, Ref. 3) and the loss
cone distribution at higher energies. The combin-
ation of these two populations was called a zipper
distribution by Fennel et al. (Ref. 4) because of
its appearance in an energy-time spectrogram. The
composition of these distributions was studied bv
Kaye et al. (Ref. 5) who found that the loy energy,
field-aligned population is dominated by 0" and
that the higher energy distribution, peaked at 90°,
18 composed primarily of qt. They concluded that
the source cone population is most likely iono-
spheric in origin and that the high energy
component is from the plasma sheet. T

Figure 1 1{llustrates some typical composition and S
pitch angle signatures seen near geosynchronous .
orbit. The figure contains energy-time spectro-
grams, with inverted energy scales, for H  in the
top panel and O* below. 1In order to indicate pitch
angle dependences in a single figure, the data have
been sorted into bins for "field-aligned (0° + 30°
and 180° £ 30%°) and "perpendicular” (90° + 300).
For each half hour interval, the data from these
two bins are plotted adjacent to each other. The
interpolated image thus resembles a spin modulated
spectrogram, with the square wave between the H*
and O* data panels indicating the plotting posi-
tions of the two pitch angle bins. The source cone
ions, dominated by O, are clearly seen in Figure
1, covering 8 broad energy range below several keV,
from about 6:00-11:00 UT and following 14:00 UT. .
High encrpy H* fluxes, peaked at 90°, arc apparent B
throughout most of the Jav. In sddition to the -
fairly stable source cone distributions, field

aligaud transient hursts of i and H* fous have

been observed (Ref. 6).

3. TONOSPHERIC INPUT NEAR THE SUBSTORM
INJECTION BORNDARY

The enhancemant of the field aligned fonocpheric
componvnt in conjunction with substorms was studied
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Outer Zone Energetic Electron Spectral Measurements
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J.B. Reagan,® R. W. Nightingale,t E. E. Gaines,$ and W. L. Imhof§

Lockheed Palo Alto Research Laboratory, Palo Alto, Calif.

E. G. Stassinopoulos§
National Space Science Data Center, Greenbelt, Md.

Detalled spectral mensarements of energetic clectrons betwees 47 and 5100 keV have bees made with the SC-3
axperiment sboard the P78-2 (SCATHA) spacecraft. Duriag the peried Jaa. 29-Feb. 2, 1979 the spacecraft was
= » highly elliptical orbit. Measuremests of the outer radiation beit cloctrons from 3.5 te 8.0 Earth radli were
made near the geomagaetic equator. Spis-averaged clectroa spectrs In 12-24 energy channels bave been 0b-
taised. The maguetic sctivity at the time of the measuremesnts was low, but 2 modest magoetic storm (D, = ~ 79
9) bad occurred ~ 10 dsys eartier. Comparisons of the measured radial profiles sad eloctroa spectra with the
NASA AE-4 ssd AEL-7 H1/L0 radiatios medels have bees msde. Under these conditions the measured data are
in better agreement with the AE-<4 mode! thas with the AEL-7 HI medel, aithough the present dats are more
fntease above 4 MeV thas the AE4 model. The impact of the measured spectrum o8 the dose profile es-
countered by 2 synchrososs orbit sateflite has been examined. For thin alumisum shields (< 0.45 cm) the dose
feceived bs comparable usiag either the AE-4 or AEL-7 medels or the measured spectrs. For thicker shiclds the
bremsstrahlung dose dominates over the direct clectron effects.

Introduction

HE USAF Space Test Program P78-2 spacecraft,

known as the Spacecraft-Charging-At-High-Altitudes
(SCATHA) mission, was launched on Jan. 30, 1979 into a
{ _ nighly elliptical transfer orbit having an apogee of 43,183 km,
' a perigee of 176 km, and an inclination of 27.3 deg. The
spacecraft remained in this orbit until Feb. 2, 1979, at which
time an adjustment was initiated to provide the final, near-
synchronous orbit at 7.9 deg inclination with apogee at 43,192
km, perigee at 27,517 km, and period of 23.597 hours. In-
cluded in the P78-2 payload complement is a high-energy
particle spectrometer known as SC-3. This spectrometer,
which is described in detail in the mission description report,!
measures energetic electrons between 47 keV and $100 keV,
protons between ] and 200 MeV, and alpha particies between
6 and 60 MeV in several selectatie modes of operation.

The P78-2 transfer orbit provided a unique opportunity to
study the entire outer radiation belt region from 3.5 ¢o 8.0
Earth radii distance near the geomagnetic equator during this
solar maximum epoch. In particular, the fine resolution and
extended energy range of the spectrometer provides the op-
portunity to define the spectrum of the energetic electrons for
comparison with existing radiation belt models. These data
are of significant interest to spacecraft designers and mission
planners in that the electrons in the MeV energy range con-
tribute the dominant radiation dose 10 satellites operating in
this region of space.? Long-duration synchronous satellite
missions are significantly constrained by the shielding that
must be included to mitigate the degradation and damaging
effects of these electrons and their associated bremssirahlung.
The optimum shielding design of such spacecraft is critically
linked to the accuracy to which the very energetic electron
fluence is known over the mission lifetime. Because of the
short duration of the transfer orbdit, the present data cannot

" Presented as Paper 80-0390 at the AIAA 18th Aerospace Sciences
Meeuing, Pasadena, Calif., Jan. 14-16, 1980, submitied Febd. 7, 1980.
revision received Aug. 26, 1980. Copyright © American Institute of
Aeronautics and Astronautics, Inc., 1980. All rights reserved.

*Manager, Space Sciences Laboratory.

1Senior Scientist, Space Sciences Laboratory.

$Research Scientist, Space Sciences Laboratory.

§Technical Development Leader, Space Sciences Laboratory .

_ stack, E, is used 10 analyze electrons between 300 and 5100

provide the long-term averages required for mission planning
but can provide & complete radial profile of spectral shape
and flux for comparison with the radiation models at this time
in the solar cycle. In the final orbit the opportunity exists to
analyze an almost continuous data base in the year 1979, and
hopefully thereafter, between 5.2 and 8.0 Earth radii, which
encompasses the synchronous orbit. When analyzed, these
data should provide the long-term averages necessary for
high-altitude spacecraft mission planning. In this first
publication of the SC-3 results we confine our analysis to the
transfer orbit period.

Experiment Description and Operations

In the transfer orbit the SC-3 experiment was operated
during real-time acquisition intervals only since the satellite
tape recorder was not yet operational. The satellite was also
spinning at a high rate of 1.04 rev/s as compared to the final
orbit spin rate of 1.0 rev/min. The spin axis of the satellite is
maintained perpendicular to the sun-Earth line such that in a
single spin the SC-3 instrument scans through a complete
pitch angle distribution. Since the sampling rate of the SC-3
specira is twice per second, integration over one-half of the
spin period or 180 deg in pitch angle resulted, while in the
final orbit pitch angle measurements every 3 deg are being
routinely obtained. Because of the limited angular resolution
and the lack of magnetometer data, only spin-averaged
electron data are reported in this paper. The SC-3 experiment
was operated primarily in the electron modes during this
period although some limited proton data were acquired.
When the spectrometer is powered on, sutomatic operation is
achieved in s hardwired mode, called BACKUP, that
measured electrons between 240 and 3078 keV in 12
quasilogarithmic energy channels. The spectrometer can also
be operated from an internal memory which determines the
sensor 10 be analyzed, the logic configuration between the
several sensors in the solid-state particle telescope, and the
energy range 10 be analyzed. The selescope, shown in cross
seciion in Fig. 1, consists of a 200-u-thick surface-barrier
silicon detector, D, that is used to analyze electrons in the 47.
300 keV energy range. Following this detector is s stack of
five 2-mm-thick surface-barrier silicon detectors connected in
parallel for a total stopping range of 1 cm. This detector
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ROLE OF ENERGETIC PARTICLES IN CHARGING/DISCHARGING
OF SPACECRAFT DIELECTRICS®

J. B. Reagan, R. W. Nightingale, E. E. Gaines, 7
R. E. Meyerott, and W. L. Imbo! :
- Lockheed Palo Alto Research Laboratory

= SUMMARY

The role that energetic particles in the substorm plasma have on the
charging and discharging of typical dielectric layers used on spacecraft has
been investigated using spectra and pitch angle distributions measured in situ
on the SCATHA spacecraft prior to and during a few kilovolt differential
charging event in eclipse conditions on 28 March 1979. The particle spectra
have been input to deposition codes that determine the dose rate as a function
of depth in kapton and teflon layers used in the SSPM experiment on SCATHA.

The calculated ambient dose rates of a few rads/sec throughout the bulk of the
sauple are sufficiently high that radiation damage levels can be reached on the
time scale of 1 year. Surface dose is a factor of 100 higher. Bulk conducti-
vity profiles have been obtained from the dose rates using empirical relation-
ships available in the literature. The radiation-induced bulk conductivities
calculated at the peak charging time are found to be smaller than the intrinsic
dark conductivity range of solar-conditioned kapton but higher than the corre-
sponding value for teflon. The radiation-induced surface conductivities in
both materials are significantly higher than their intrinsic values. 1t {s
concluded that in this event the surface potentials of both materials were
determined primarily by the current density carried by the electrons in the
energy range € 30 keV and that radistion-induced bulk conductivity changes vere
not important for kapton but may be for teflon. It is further concluded that
surface charging occurred vhen the spectrum hardened and a corresponding larger
fraction of the charging current density was carried by higher energy elec-
trons. The measured charging spectrum in this event is wvithin a factor of 5 of
the maximum allowable trapping limit according to experimental verifications of
the Kennel-Petschek theory. It is proposed that the charging current density
st this limit, in conjunction with material properties, will directly determine
the maximum possible surface potential in eclipse conditious. Based on the
measured potential across the SSPM kapton sample in this event, the maximum
likely surface potential to be encountered in a substorm having similar spec-
tral characteristics has been estimated.

INTRODUCTION

The purpose of this paper is to assess the role that the energetic portion
of the substorm plasna has on the charging/discharging of spacecraft dielectric
materials such as kapton and teflon. It is a vell establighed fact that the
most severe charging of spacecraft operating at high altitudes occurs in the
magnetic midnight-to~dawn time sector where substorms are highly prevalent and

* .
Work performed under ONR contract NOOOl4-76-C-0444.

J. 8. Resgan, R. W. Nightingale, E. E. Gaines,
R. E. Meyerott, and W. L. Ishof, *Role of Ener-
getic Particles in Qharging/Discharging of Space-

craft Dielectrics," %acuuﬂ Charging Technology-
1980, NASA CP-2182, L-TR-81- » PP. 74-85,
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Space CHARGING CURRENTS AND THEIR EFFECTS
- e ON SPACECRAFT SYSTEMS

LER g ar e
.
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R. W. Nightingale, P. C. Filbert, and W. L. Ishof

Space Sciences Laboratory
Lockheed Palo Alto Research Laboratory
Palo Alto, CA
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ABSTRACT

The range and limits on the space charging electron
currents availsble in the mear-geosynchronous orbit have
been identified from a large SCATHA satellite data base.
The most intense current densjties observed were 0.8
nA/ce? st 1 keV and 0.5 pA/cn? at 1 MeV. The effects of
these currents on both surface and internal charging of
dielectrics have been modeled. In exposed dielectrics 1
radiation-induced effects significantly increase the
conductivity within the first few us of the surface,
produce permanent radiation damage, snd affect the fina)
potential of the sample. The calculated electric field
profiles and surface potential of a 127 uwm Kapton® sample
sre found to be consistent with the voltage measured
aboard the SCATHA satellite durin! s charging event. The
calculated field strength of 2x10° V/ca is below the

- spontaneous breakdown level. Transient electrical pulses
observed in association with the charging may therefore
be due to capacitive coupling effects rather than to
breskdown. The electric fields and voltage internal to
both plane-parallel and coaxial geometries containing
8 Teflon® dielectric enclosed between two conductors have
als0 been modeled. Electric field strengths of 3 few »
105 V/ca and internal potentials of seversl kV are calcu-
lated for these typical configurations when exposed to the
direct electrons in unusually energetic events. These
field strengths are near miniasum breakdown level but the
transient pulses observed on SCATHA may be associated
with the internal redistribution of these high fields
st the times of large and rapid flux changes or at the
times that heavy cosmic-ray tracks locally discharge the
highly charged dielectric. 1

]
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INTRODUCTION

It is nov well established that high-sltitude space-
craft can st times experience charging in the space
plasna. The key elements in the charging process are
the intensity and the energy spectrum of the space
plases electrons. When the current carried by the in-

reached. Under sunlight conditions the incident elec-
tron current sust exceed the relatively large photo-
electron currents (typically a few nA/cm?) that are 3
Jesving the surface before any significant charging »ill =
occur. Thus, daylight charging of spacecraft has been o

coming magnetospheric electrons that reach a spacecraft
surface exceeds the current leaving that surface through
photoemission, secondary emission, backscattering, and

the incoming magnetospheric proton current, the surface

. must charge negatively to repel s portion of the in-

coring electrons until a current balance condition is

limited to the few 100 V range based on the maximum -‘j
available space charging currents in the several to few '51

10 keV energy region. The charging currents in space
are limited by magnetospheric wave-particle-interaction
processes that force the precipitation of the electrons
into the atmosphere when the limiting flux levels are
exceeded [1].

0018-9367/83/06C1=-0 54801.00 § 1987 JEEE
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ABSTRACT

-
-

m

Many CJI systems rely on satellites in geostationary and otﬁer near-earth
oibti;:that are lariely within the earrth’s magnetosphere. It has only
il Tecently been observed that the ionosphere plays a major role in determining
the hot plasms enviromnment in which these satellites must operate. Spacecraft

charging, radiation effects, and degradstion of sensitive surfaces used in

:i optical and thermal control systems are attributal to the interaction of
spacecraft with this ambient hort plasma, and these effects are especially
serjious for the newer satellite systems designed to function in orbitr for a

® decade or longer. Recent emergetic ion mass spectrometer observations have

shown that the hot magnetospheric plasma in the energy range from about 100 eV

to about 30 keV contains a large and variable O+ fraction which is essentially

all of ionospheric origin. The other principal constituent is B+ which can be

\e
‘ either of ionospheric or solar wind origin. The 0+/H+ ratio of the plasma is
T" an important parameter in modelling the spacecraft-plasma interactions to
Eﬂ attempt to predict the magnitude of the above described effects. This report )
. reviews the mass spectrometer observations by the International Sun Earth
Explorer (ISEE-1) and the Spacecraft Charging at High Altitudes (SCATHA)
j satellites and examines the data for various signatures of the plasma sources. 1
The relative contributions of the fonosphere and the solar wind to the plasma
) dencify are estivated in the altitude range from abour 25,000 to 70,000 km on i
3‘ ‘the bac;c of the iou composition. It is found that the ionosphere is an ‘;
isportant or dominant source during both quiet and storm time conditions. ,5
3
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CIRCULATION OF ENERCETIC IONS OF TERRESTRIAL ORICIN IN THE MACNETOSPREREZ

8. C. “Ollly

Spece Sciences Lsdorstory, Lechheed Palo Alto Research Lsborstory
325] Namover Street, Palo Alto, Califorsis 94304

ABSTRACT

Energetic ion composition messurements have nov been performed fros earth orbiting sstel-
' 1ites for more than s decade. As eerly as 1972 we kunev that emergetic (keV) fone of terres-
trisl origin represemred a mon-negligible component of the storm time ring current, WUe have
mov assesbled a significant body of kmowledge concerning emergetic ion composition through-
out such of the earth’s sagnetosphere. We knov that terrestrial fons are a comson component
of the hot equatorisl magnetospheric plesan in the ring current snd the pilasma sheet our to
£ 23 +» Durimg periods of enhsnced geomagnetic activity this component may become domi-
asnt. re is also clear evidence that the terrestrial cosponent (specificslly 0 ) f{s
strongly dependent om solar cycle. Terrestrial fon source, transport, and sccelerstion re-
saions have been identified In the polar suroral region, over the polar ceps, in the magne-
tospheric boundary layers, send within the magnetores]l lobes and plasms sheer boundsry layer.
Combining our present kmowvledge of these various msgnetospheric fon populstions, 1r s con-
cluded that the primsry terrestrial fom circulstion pattern sseociated with enhanced geomag-
setic sctivity fovolves direct imjectfon from the surorsl fcn sccelerstion region fato the
plasss sheet boundary layer sad cenrral plasama sheer. The ebserved terrestrial component of
the wmagnetospheric boundary layer snd sagnetotail lodes are imadequate to provide the
required influx. They may, however, contribure significantly ro the sajntenmence of rthe
D plasss sheet terrestrisl fon popularion, perticularly during periods of reduced geomagnetic
ocrivyy. It fe further concluded , on the basis of rthe relsrive energy distriburions of R
and O Jo the plasas sheet, that 0 prodbadbly contribures significently rto the ring current
population st emergies inaccessible to present ioo composition isstrusentatfoan (2 30 kev).

[ ]

INTRODUCTION

o . The fsct that fons of terrestrisl origin might represent a mon-negligible component of the

. &‘ ® hot sagnetospheric plasass wes first reported more than s decnde ago /1/. These early hot
plassa cowposition messurements were acquired from s low altirude polar orbiting sstellite
and were sensitive ocaly g0 the precipitasting cowponent of the don distributions. While pre-
cipitating hesvy fons (0 ), isferred to be of terrestrisl origin, were unanbiguously fdents-
fied in association with both magneric storms /2,3/ snd substorms /4/, specific knowledge of
source locatioans, scceleration processes, and circulation petterns were lacking.

~ A terrestrial on owtflov ia the form of the polar wind wee predicted /5/, and observed /6/,

d but this ourflov suffered ia two weys as the potenrisl source of the observed precipitating
energetic fons. Firse, this clevsical polar yind differed in componition from the observe
omrgsr!c ions. It was domimated by R ond He while the evergersic fons were dominated by N
oend O . Second, the pular wind fon temperature was expected to be only of the order of eV;
thus, the higher (seversl keV) remperature of rhe precipitaring fons could not have been
schieved through simple sdisbatic hesting of this source through the convection process.
Additional sccelerstion eor heating would be required. The first direct observation of
energetic, terrestrial fos gnflov yse provided by tihe eccenrric polar orbiting £33 setel-

® 11ce, which detecred keV N and O fons flowing outward along asurorsl fileld lines /7/.
. Further sdisberic esergization of fons injecred into the plasms sheet at these energies
«£ovld easily sccount for the emergy of the ioms observed to be precipitating st lower
latitudes during magnetic storms.

Srerting in cthe late 19708 seversl spacecrsfr (CECS-], CEOS-2, ISEE-], SCATUA) carryirg
. emergeric ion mase spectrometers wre launched I&fc fear equstorial orbits providing fon
'. composition dats from o fev (earth redif) to 23 « lons of rerrestrisl origin were
' found to be am fmportast comsfituent of most hot pla tegimes vithin the magnetosphere,
Sfncluding the storm time ring current /§-11/, the quier time ring current /12,13/, the
plesma sheet boundary layer /)4/ ond the magnetorail lohes /15,16/. Terrsstrial fons were
o 8lso cetecred in the lov lstirude megnetospheric boundary layer /14,17/. 1lon composition
. seasuresents from the highly eccestric high latitude PROGNOZ-7 spacecraft have shown that

adedeadeommedeat (3

. )
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Mass Composition of Substorm-Related Energetic Ion Dispersion Events

R. J. STRANGEWAY AND R. G. JOHNSON
Lockheed Palo Alio Research Laboratory, Palo Alto, California 94304 -
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- - The Lockheed ion mass spectrometer flown onboard the SCATHA (P78-2) spacecraft is used to
- study the mass composition of two ion aispersion events. The energy-dispersed ions are observed over
the full energy range of the instrument (0.1-32 ke V/q) in the noon-dusk loca! time sector. On one of the

days. March 22 (day 81) 1979, the dispersing ions are first observed following an isolated substorm. A

long period of low magnetic activity is present prior 1o the substorm on this day. and a decrease in Ds¢

is observed following the first observation of the dispersing ions. On the second day studied. june 7

(day 158). 1979, the correlation between ground magnetic activity and initial observation of dispersing

jons is not so clear, since the dispersion foliows a period of high magnetic activity. Both dispersion

events follow a marked reduction in the preexisting near-geosynchronous plasma near the noon sector.

The mass composition shows that although there are similarities in the dispersion for both protons and

oxygen, there are also disunct differences. Both species show a definite dispersion ridge. but the

protons also have additional fluxes at energies greater than the dispersion ridge energy. It is proposed

that the composition changes are attributed to localized injection of ionospheric plasma in the dusk-

midnight sector, with proton-rich plasma sheet ions convecting past the spacecraft from larger radial

distances. By using the ability to scan in pitch angle. it is noted that there are both pitch angle and mass
dependences to the ammival times of the dispersing ions. Protons at 30° pitch angles amnve at the

»l

de

spacecrafl before oxygen ions at the same pitch angle.

1. INTRODUCTION

A well-known substorm-related signature at near geosyn-
chronous altitudes in the equatorial magnetosphere is ener-
getic particle injection. DeForest and Mcllwain [1971] re-
ported observations of dispersing ‘plasma clouds’ for
energies <50 keV from particle measurements on the ATS §
panticle spacecraft. The times at which the plasma clouds
were detected were well correlated with substorm activity
on the ground. Mcliwain (1972, 1974] attributed the plasma
clouds to electric and magnetic field drifts bringing particles
sunward from the nightside magnetosphere. The data were
used to develop a convection electric field and magnetic field
model, which was used to trace drifting particle trajectories
backwards in time to a source location that was close to the
Mauk and Mcliwain [1974] injection boundary. The Mauk
and Mcliwain injection boundary was also determined by
using ATS § data. the position of the boundary being given
by the local time at which the low-energy (<100 eV) part of
the dispersing plasma was first encountered.

Besides the expcrimental observations there is a large
body of theoretical work concerning convection and drifts
(see, for example, Chen {1970), Stern {1975], Kiveison and
Southwood {1975), Ejiri [1978]), and Kaye and Kivelson
[1979])). Akasofu (1977) gives a review of experimental and
theoretical studics of magnetospheric convection. Ansing
from these and other studies, one viewpoint is that the
dispersing ions (and electrons) are a result of modifications
to the magnetospheric convection system. producing a
movement to lower altitude of plasma sheet particles. The
Mauk and Mcllwain injection boundary is often taken 10
mark the location of the injected particles at the time of
substorm onset.

Moore et al. [1981] have investigated severa) substorm-
related injections by using data from ATS 6 and SCATHA
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(P78-2). From their analysis, they proposed that at the time
of substorm onset an ‘injection front' of energetic particles
propagates earthward from the plasma sheet. The passage of
the injection front over the spacecraft is marked by a near
dispersionless increase in parnticle fluxes. The injection front
is accompanied by a compression wave. and this wave has
the tendency to steepen gradients in the plasma as the
injection front propagates inward. resulting in a sharp inner
boundary. Moore et al. conclude that the Mauk and Mcll-
waih injection boundary ‘is not the site of dynamic injections
but does mark the approximate inner limit of substorm
activity.’ Their conclusion was supported by the fact that the
injection fronts were observed tailward (that is at larger
radial distance and later in local tir-.  Of the Mauk and
Mcllwain injection boundary.

Thus far, only two preliminary reports have been made on
observations of the mass composition of ion dispersion
events [Balsiger et al.. 1982; Johnson e1 ul.. 1982]. In this
paper we investigate mass dependent charactenstics in two
ion dispersion events as observed at the SCATHA orbit by
using the Lockheed ion mass spectrometer. We shall show
that the dispersion events are associated with substorm
activity, and that, as is expected. the dispersing ions ongi-
nated in the dusk-midnight sector near the time of substorm
onset. Since the mass spectrometer can discriminate be-
tween protons and oxygen. we can begin to address the
question of the source of the dispersing plasma. That the
oxygen signature has differences from the proton signature
may have implications on the model proposed by Moore et
al. We show that a local injection of ionosphernic plasma near
the time of substorm onset can explain some of the signa-
tures in the energetic ion spectra for different masses.

2. INSTRUMENTATION AND DATA ACQUISITION

The data presented in the next section were acquired by
using the Lockheed ion mass spectrometer flown onboard
the SCATHA (P78-2) spacecrafi. A more detailed descnp-
tion of the instrum- 1t and orbital parameters i1s given by
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Abgiract. A simple panicle drift model is used to investigate the
apalicability of the injection boundary concept to the ion dispersion
event observed on March 22 (day 81), 1979. The model consists of a
dipole magnetic field with a uniform cross-tail electric field plus a
corotation field. A full spectrum of particies from 100 eV 1o 32 keV is
imjected at the K, = 6~ Mauk and Mcilwain injection boundary at
the time of substorm onset on this day (1100 UT). A new approach 1s
presented for displaying the model-produced ion drift trajectories 1o
make the large scale spatial characteristics of the evolving energy dis-
tributions easier to envision and to facilitate the comparison of the
model results with experimental observations. The resultant predic-
tion for the dispersion signature is compared with Scatha mass spec-
trometer measurements, and a 2.0 kV/R, cross-tail convection elec-
tric field 13 found to give a good fit 10 the observed dispersion
signature. It is determined that for this particular event. injection
only at that portion of the injection boundary close 1o 1800 local ume
is required 10 produce the dispersion curve.

Introducuion

Much work has been carried out on magnetospheric piasma convec-
tion and the associated particle signatures. Chen [1970] and Cowley
and Ashour-Abdalla [1976], amongst others, have calculated drift tra-
yectonies for ions in the earth's magnetosphere. From steady-state drift
analyses such as these, proton nose events (Smith and Hoffman [1974])
have been evplained as a consequence of drift trajectory morpholog: .
On the orther hand DeFores: and Mcllwain [1971] have reported obser-
vauons ot dispersing particle signatures at geoshnchronous altiude
associated with substorms. These signatures are usually considered 10
be associated with impulsive changes in the magnetosphere. As a conse-
quence the substorm-refated injection boundary model as first formu-
lated by Mauk and Mcliwain [1974] has frequently been used as a start-
ing point when discussing dispersion signatures.

There is still some controversy concerning the nature and possible
existence of the injection boundary. For example, Kaye and Kivelson
[1979] haie modcled substorm-related particle signatuzes using
steady siate convection boundanes in their imnal conditions. These
boundaries have a radial dependence as a function of energy, whereas
the mnjection boundary implies a co-located source for all energies.
Taking elements from both these models. Moore et al. [198]] argued
that the injection boundary marks the innermost excursion of a sub-
stormn refated shock front which is propagating from the plasma sheet
to lower L-shells. Strangeway and Johnson [1983] have suggested.
fronm mass composition data. that there may be enhanced ionospheric
plasma injected into the magnetosphere near the injection boundary
Their conclusion is not definitive, in that mass dependent radial
gradients in the plasma sheet may alone be responsible for the com-
position differences observed in the dispersing ion signatures. Never-
thelest one may spernlate that an inward propagating shock fron' will
perturb the ionosphere. possibly through fieid-aligned currents, and
so0 retult in cnhanced deposition of ionospheric plasma nto the
magnelospnere.

In this letter we present some initial results of an investigation into
the usefulness of an intection boundar model for producing the ion
energy-ume dispersion signatures observed near geosynchronous alu-
tudes. In addimion. we present a new approach for displaying the
model-produced 1on dnift trajectories which makes the large scale
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spatial characteristics of the evolving ion energy disiributions easier
to envision and facilitates the comparison of the model resulis with
energy-time spectrograms of the experimental data. The results from
a simplified injecion boundary model are compared with the 1on dis-
persion event observed on 22 March (day 81) 1979 This event has
been analyzed and discussed by Strangeway and Johnson {1983], but
no detailed model comparisons were made We have chosen to fur-
ther analyze this event since 22 March 1979 1s a day which has been
the subject of a major research effort ansing from the Sixth Coord:-
nated Data Analysis Workshop (CDAW-6). The data presented in
this letter were acquired from the Lockheed mass spectrometer flown
on board the near geosynchronous Scatha spacecraft. The 1on mea-
surements cover the energy range from 0.1 to 32 ke\ 1n 24 encres
steps. and onlv proton and oxvgen data are discussed here. For a
more detailed description of the mass specirometer characteristics
and of the Scatha spacecraft orbit (L = $-8), see Kave et al [1981)

Dispersion Model

A very simple mode! for the drift path calculatron has been
emplosed. The basic formuilae used have been given by Chen
{1970] and Cowiey and Ashour-Abdalla {1976]. To summarize.
we use a dipole magnetic field model. with a umform cross-tai!
eleciric fieid pius a corotation electric fieid. No correcnions due
to shielding or magneuc field distortion have been 'nciuded in
the model calculations we trace drift paths forward tn ume tor
an ensemble of ions starting at )28 locations on the Mauk ana
Mcliwain injection boundary for K, = 6-. The boundary was
truncated at 1800 and 2400 LT. This boundary was chosen since
Kp was equal 1o 6~ at 1055 UT on March 22. 1979 when a sub-
storm occurred (Strangeway and Johnson (1983]). At each paruc-
ular location the drift paths for 96 different energy particles are
traced. The energies are equally spaced on a loganthmic scale
from 100 eV 1o 32 keV, which is the energy range of the
Scatha mass spectrometer. For the particular event under consid-
eration we have calculated drift paths for 90° equatonial pitch an-
gle particles. It should be noted that we have assumed an impul-
sive injection of particles at the boundary coinaident with the
substorm onset. and no aaditionai particles are inciuded 1n the
model subsequent 10 this ume.

Figure ] shows the resuits of the dnft path calculation with 2.0 \V
R, cross-tail convection ficld. There is a large amouni ol information
shown in this figure. Firstly the figurc consists of 16 panels, each of
which contains a snap-shot of the paruicle positions at a particular
time. the times are given in the upper nght hand corner of each pane!.
starting at 1100 UT (near the time of substorm onset on March 22,
1979), until 1348 UT at 1S minute intersais. The convection ficid
strengrh iy given in the upper icft hand corner of each panel. A nominal
magneiopause Jovanon s given by the vellow curve 1o the lett of each
panel. with the half illuminated circle giving the locanion of the earth
The small cross-hair indicates the Scatha spacecraft location as deter-
mined (rom the ephemeris intormation tor March 22 (day 81). 1979,
projected into L and iocal time (LT). As the cross-hair encounters the
dritting 1ons, the color changes, so that the spacecrait iocation 1s ai-
ways gnen in compiemeniary color as shown, for examplc, in the first
panel. second row. In the same panel some small white dots are present
on the lower energy edge (blue) of the drifting plasma cloud. These
dots mark 1he location on the original injection boundary of the 1ons
which are at the Scatha spacecraft location at thistime. In addiion. we
also build up 2 pseudo-spectrogram in the box in the lower right-hand
side of each panel. The color coding of the dispersion signature thus
produved is not a flun level. bul s only piven tor relerence to the color

549

4 BTN P PR e L.‘L_L'.'__-m_‘ P WU R S P DY T A U R P




4 ~——w—r—r v e 2 e ————

g JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 89, NO. A10, PAGES 8919-8939. OCTOBER 1, 1984

] Energetic lon Mass Composition as Observed at Near-Geosynchronous and ,
k' Low Altitudes During the Storm Period of February 21 and 22, 1979 J

R. J. STRANGEWAY' AND R. G. JoHNsON?

- - Lockheed Palo Al:0 Research Laboratory, Palo Alio, California

.
"
PR WP

Mass composition data scquired during the storm period of February 21 and 22, 1979, are presented oo
and analyzed. The data were obtained- from the near-geosynchronous SCATHA spacecraft and the Cd
polar-orbiting $2-2 spacecraft at ahitudes below 8000 km. The data from both spacecraft show that
significant amounts of ionosphenc plusma were observed to be injected around the main phase of the
two storms on February 21, 1979. A1 geosynchronous altitudes the increase in ionosphenc plasma was
found to be significant in both number density and energy density. Moreover, muluple dispersionhike

signatures in the parucie spectrograms were observed during the second storm, indicating that thus ]
plasma was recently injected into the magnetosphere. At lower altitudes the S3-3 daia aiso showed
significant enhancements of ionospheric plasma, as determined from number density data. It was found ]

that the density enhancement in the plasms population moved to progressively lower L shells dunng the
recovery phase of the storms. As it is unlikely that the plasma is injected at the point of observation. at
least during the recovery phase, we consider drift effects 10 be responsible for this mgnature. We hence
summarize some of the simpler convection theory, specifically addressing the dependence of the bound-
anies between drift regimes as a function of L shell. To do this, a steady state convection model has been
employed, but we assume that this “steady state™ oaly applies dunng the recovery phase of the storm.
Since we consider shielding to be important only later in the recovery phase, it is further assumed that
the cross-tail electric field is uniform. On comparing the data with the convection boundanes we find
that we can usually choose a cross-ail electric field strength which models the particle signatures quite
closely. The major festure present in the particle spectra is an energy-dependent minimum which, we
presume, marks those jons that either have been lost or drift o slowly that they are not observed at the
spacecraft. As a consequence of the comparison of the S3.3 particle signatures with the predicted
convection boundaries, we find that the apparent movement to lower L shells of the density enhancement
duning the recovery phase is due 1o time of flight effects on a low-energy plasma population at these L
shells (below L = 4). Time of flight also implies that these ions were in the morning local time sector at
the time of the main phase of the storms. At the same time that these low-energy ions drifting eastward
. .' are observed. large numbers of ions convecting westward are also seen. This plasma population contains
: 8 large amount of ionospheric plasma. Furthermore, the ionospheric plasma as [abeled by singly charged
oxygen appears 10 have been injected over quite a large range 1n local time dunng the first storm.
However. the proton signatures imply that most of the protons observed at the higher L shelis were
confined to the nightside sector dunng the man phase of the storm. While there are many similar
features associated with the second storm in the S3-3 data, the oxygen ions display s signature consistent
with injection only in the nightside magnetosphere. This is in agreement with the SCATHA observations
whete the particie spectra show multiple dispersion signatures.

1. INTRODUCTION netosphere during storm times. Presumably, the increase in
During times of high magnetic activity. significant changes tbe ring current signature as observed at the ground is dur to

are known to occur within the carth's magnetosphere. Specifi-
cally, the ring current particie population is known 1o be mod-
ified at these times as shown by the Ds index and by direct
measurements of the energetic particle pepulations. It bas
been argued by Lyons and Williams [1980] that the increase in
the ring current population at storm times can be explained
by inward convection of the preexisting plasma population.
Mass composition data, however [Johnson et al., 1977; Balsi-
ger. 1981, Johnson, 1981, Lennarisson e al, 1981, Huliquist,
1982; Lundin et al, 1982a; Young et al. 1982), indicate that
there is a change in the composition of the lower-energy (<17
keV/q) ring current population during times of increased geo-
magnetic activity, and it has been deduced that there is an
enhanced injection of iopospheric plasma into the mag-
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both these processes occurring at the same time; that is, en-
hanced inward convection of the preexisting trapped popu-
lation together with an overall increase in the particie popu-
lation due to injection. Although the relative contribution of
the two processes to the storm time ring curent remains to be
determined quantitatively, Johnson [1981] and Johnson e al.
[1983] have argued that in some storms the ionospheric com-
ponent will be an important contributor to the ring current
energy density because of the buildup of the ionospheric com-
ponent in the hot plasma population prior to the main ring
current injection process.

Mass composition data are a useful indicator in assessing
the relative significance of both processes. Unfortunately. most
storm time mass composition data is restncted either to the
lower-energy component of the ring current, typically less
than 17 keV/q. or to energies of the order of 1 MeV [cg.
Spjeldvik and Fritz, 1981a, b). Nevertheless, much can be
learned concerning the effects of injection and convection on
the magnetospheric ion population using such data. Strange-
way and Johnson [1983]), for example, have investigated the
mass composition of ion dispersion events as observed at the
near-geosynchronous SCATHA spacecraft orbit. It was found

that the dispersing ions showed features within the compo-
8919 ‘
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