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IMTRODUCTION

The High Energy Particle Spectrometer (SC-3) and Energetic ZoipComposition

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

environment; 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 umss/charge. Ion fluxes

are measured in 24 energy channels covering E/Q-0.1-32. keV/e. The Instrument's
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normal miss 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 ioutinely obtains

-god-coverage of fluxes closely aligned with the magnetic field. Details of the

SC-8 Instrument are given in Appendix 2 which has been excerpted from Stevens

and Vampola (1978). I

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 P

later periods.

The following sections of the report summarize the principal scientific

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

SC-3 and SC-8 instruments and provide abstracts of all publications.

e RESULTS OF THE HIGH ENERGY PARTICLE EXPERIMENT

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

fine-resolution energy spectra and pitch-angle distributions, have been used to S

further our knowledge of the radiation environment In the near-geosynchronous

region, spacecraft charging, and wave-particle interactions that enhance

particle precipitation.

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

SCATRA transfer orbit have been compared to the NASA AE-4 and AEI-7 HI/LO

radiation models of the outer belts (Reagan et al., 1981a). Agreement with the I

A*-4 model was good up to the 4 14eV limit of the model.

The SC-3 data have been used to investigate the role that energetic

particles in the substorm plasma have on the charging and discharging of typical I

-.-...• ..., ......O O ° O , ..° -, .o . . .°% % -



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 charging event

Initiated by a substorm while the SCATHA spacecraft was in the eclipse condition

on March 28, 1979. The data used In the analysis included lower-energy electron

and proton measurements from 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 allowable 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 (I

to 5 MeV) were greatly intensified in the near-geosynchronous region following a

magnetic storm (Gaines et al. 1981). The flux on June 14 has been the hardest

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/cu at 1 keV and 0.5 pA/cm2 at I MeV. These 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

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

locally discharge the highly charged dielectrics.



In studying the behavior of trapped electrons near the Kennel-Petachek

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

demonstrate and confirm that the energy-dependent flux limit is veiy sensitive

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

1984). In every one of 12 cases selected from the SC-3 data for analysis in this

study, a limited energy range 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 > 50 keV to several hundred keV; and hard-spectrum

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

beyond I 14eV. 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 SCATRA spacecraft and the low altitude (-600 km), polar orbiting

P78-i 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 14eV. Comparisons of the

temporal flux profiles, energy spectra and pitch-angle distributions for

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

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

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 52 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

7 flux limiting over some portion of the energy range.
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Satellite bremastrahlung x-ray measurements on the P78-i spacecraft have

been compared to direct electron (>68 keY) measurements on board P78-I (Imhof et

al., 1982b) and to coordinated electron (47-66 keV) measurements from the SC-3

SChTHA experiment (Imhof et al., 1982a), as well as from balloon and riometer

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

new 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 ion composition data W-th routine

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

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-8 extended 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-environment

interactions to global magnetospheric plasma circulation. The results of these

. .. .... .. . . . . .,' ' "",'--'.,"""-'."- i.'.°," .. .",",-" -'".".- -" ."." ' "'.. . . . . . . . . . ..''-.. . ... .'.'..-..-'-.. .''.. . .- "."..'.".",-."".. .".. . .. . ..



studies may be broadly grouped into four categories: I)Plasma injection and

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

environment and spacecraft interactions, and 4)Global synthesis of-ion

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 plasm 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 "injected" 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 SCATRA was moving through the noon to

dusk local time sector (Strangeway and Johnson, 1983a). A clear dispersion ridge

was- observed for both + 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 protons 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 magnetosphere

-(Strsngeway 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 ion injection events (Quinn and Johnson,

1984). These ions have a much narrower energy-time dispersion signature than the

previously described events, and thus correspond to a very limited source

region. Detailed comparison of this narrow signature with model dispersions and

with 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 ion 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 S3-3 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, 0+ 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.

'Z3



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 distribution functions. A detailed Investigation of

such signatures In various Ion 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" Is dominated by 0 +, 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 bursts were also observed (Kaye et al., 1981a). 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 ions 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 He + *In fact, the He +



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 fteractions

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 case studied that the radial gradient of

phase space density was negative for both H+ and O+t, 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 environment 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).
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Syntheses of loin Composition Results

The many topical areas of Investigation described above are complemented by-

contributions of the SC-S data to the broader picture of magnetospheric

processes. The circulation of energetic Ions of terrestrial origin has been

'L..

analyzed using data from several spacecraft with the capability to make

composition measurements (Shelley, 1984). A review paper: "Not Plasma

Composition Results from the SCATHA Spacecraft" summarizes contributions of the

SC-T Instrument (Johnson et al., 1983). Contributions of SCATRA composition data

to the International Hagnetospheric Study have also been recently reviewed

(Quinn and Shelley, 1984).(opsto eut rmth CTASaerf"smarzscnrbtoso h

scg0srmn Jhsne l,18) Cnrbtoso CN cmoiindt
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FLUXC INTENSITIES OF PlNETRTIIE EWFGTIC
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*10SO FIELc LONS-AvetLEII CW NUHCATION SIMTS EV AM 1 TE WT RM BETWITH 51 PI0
SYT M wtsEt.Y. PAYLo w oN im PA7-2 AN ,10011 e'. IN AWITIO, Me tNSTRUIENT
gPACEFIHQT ||IULTANEUSLY MESR THE DETAIL.ED NEA TN PRTO DIVRlNENT AT ENERGIES

RVMw~'e OF 'NE ENERGTIC BEIMRO POMXATION, ft-'MN 1-2M0 V NO 1E M PAeRTICLE
T&E COL PLA DVIRMWIET, ND THE ELECTIC AND wiPw'IR a ETWEE 6-W0 PW mING =QA PARTICLE

... NErTIC FIEL ENVROMEwNT NERSK O EVNT. THE MEsIRM I'S AMin om WT A PrrT.H

W TORIAL ALTITUDS AT ALL LOCAL TIPES UDER A ANGLE ESOLIION OF 3 BEG

VARIETY OF TtM LLY"OoJItlN ,VE COIITIONS. (ML.-WDT-AT ', -t-xIImI). THE ERGY SPERA

THE SC3 sETE!Me , U c TIOaN WItv LO ARE OBTMIED W1H A 12o m .L .SE HEIGT
SEEGY ELWRON IEASUREMENTS IN THE S 3 S9 MALYZER 1HAT CAN ME PROGM UY C0tM4 10

PAYLOADS. WILL IDEFINE THE TRPPED ELIE11O COVER A S V OR WI Ell EIt RGNY E. IN THIS
BWIFOI ENT THAT INTERACTS WITH THE WAE MIJNER, 3TH CMLE1E SURWY IITA NO) HIGH

ENVIRONMEN AS MEASUI V TH E ELCTIC AND RE U ON STRAL , TA CAN BE OBTAIED ON

METIC FELD AYLOADS, SU., S], NO S. COMMAND.
LOW WELb-UDEFhI COLD PSMA COftVT;ONS THAT ARE
mASUm BY 1HE T6 AND X7 PAYLms. TIE 9.2 MEASURING TECHNIQUE
KM ME OBTAINED FRO StI A SIILTAINEIS STnD TIE Musc PAsLENUrT mCPw IS A oLIVDSTATE

S4OL.D LEAD 10 A BETTER UNIERSTNDING OF 10114 PARTICLE SIE: TER CONSISTING OF FOUR SENSOR

lm AN MA w- E EF AND V WvE IE RACTIONS Ea.el . A LINE 1AWING OF 1HE SPECTOMETER IS

WITH iRAPPED PARTICLES IN THE MAGNETOSPIERE AN 10 SHOiN FIu 9.1. VARIOUS LOGIC COM INATIONS

THE SIlSEOUENT EFFECTS OF SUI, INTERACTIONS ON THE OF E FOIR EORS IN RE Il"'TRLENT ARE USED 1

IONOSPHERE. DETRINE rE PARTICLE TYPES AND ENEGY RANGES.
TIE RIOtJS PARTICLE "TYES AND ENGY WES ARE

TH S3 PAYLo WILL ,EAs Hu "IE ELwRm MEASUR IN SEVERAL TIME'ILTIPL MODES OF
ENIRONMENT WITH GOO OEM ESU.LTMON 1N THE OPERATION THAT AE C9WO SLECTAILE.
eERGY rEGION (1.5 IEV) AT RE TIME OF SO3L-R
wrximum coecrnow. TIE eawmrc EuXRaNs IN THE D-wEToR, WHICH is 2W~m THICK INTRISIC
THIS ORBIT CONSTITUE A POMhNTI. HAZARD 10 THE SI. IS UE 10 IASIE BOTH THE RATE OF ENERGY

ELECTROIC COMPONNTS USED IN 30o'THE PAYLOADS LOS OF RHE HM BM PARTICLES AND TO
No RHE SPACECRAFT. OJTRJTS FROM TlIE SO3 PAYfL.OAD DIRECTLY STOP DIV MEASLE THE LOMER EERGY
WILL NE 15D 10 ETERMINE IN EA REALTIm 'HE PARTICLES. TIE E-wrON, WHICH CONSISTS OF FIVE

wvm nE~NT AND oADIATIoN DOSE AJulE nY RE w 2 w THICK mTECloNS IN PAuEL., is LOCATE
SPACECRAF BEHIND vARIoUS SHILDING THICEss. im 'THE D-imT Sl m TE HIGE EGY

TESE DATA WILL BE usED FOR THE P78-2 SPACEFLIH PARTICLES AO 10 MEAsM E MIR TOTAL EGY LOSS.
EG mrON CALOuLATIONS Am To, IlwvE 'RE THE E'-lTlOR, wHio4 is 1000 mICRoNS wICK, iS

RADIATION MOELS FOR SlBSEQ.ENT MISSIONS. LOCAlTE BEHIND HE Fan-m AMD Is USE) AS AN

ACTIVE COLLI TO. BEIim TE E'-ET T IS A
AT THE TIMES OF SOLAR PARTICLE EVENTS THAT EAC H I JSEN ABSORBER THAT SETS THE UPP E OERY LIMIT

iE EARTH, ENERGETIC SOLAR PROTONS, ELECTRONS, N FOR ANALYSIS. ALL OF IES! DETECTORS ARE
ALPH PARTICLES TYPICALLY PAVE HIGHLY EFFICIENT FABRICAlE) OF SLRFACE-IIARRIER SILICON AD ARE

ACCESS 10 THE EAR-GEOSYNO4RONOUS ORBIT. THEY mY STACKE) TOGETHER IN A TELESCOPE CONFIGURATION.

SIGNIFICANTLY ALER THE ENEGETIC PLAI A TIE ENTIRE STACK IS SUROjV) By 'RE mA- CTOR,
CPPOSITIoN. TIE X3 SPECTROIETER WILL MEASURE WHICH CONSISTS OF PLASTIC SCINTILLATOR VIE) BY A

iEU ENeOETIC Sow PARTICLES AND TEIR *Tcw.1pLIm Tree. TIE PuposE OF TE
cNwtmJiTIONS 10 1HE 5fCKsRUN)S N RADIATION A-Anmlcoift cm Do TR iS 1o EN AND REJECT

DOSE IN TIE OTHER BeNTS OF RHE M-82 SERSiTIC PARTICLES Am I.lRJ4LLP THAT
SPACEFLIGHT. TIE X5 rs'mw P.ASoJES TE PEETATE EiTT THE wTER imIEIiNG wu.s OF

FLJS, S1ECTRA, AND PITOR-ANGLE DISTRIUUTION OF ALUMIIR MO RISTEN OR E SILICON TETEC1OR

RE RETIC LAA IN HE soY RA N 0 IEV 10 STACK Apo AI8O . TIE sS STACK Is LOCATED
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Figure 9.1. SC3 High Energy Particle Spectrometer

E.IVC A LO., NARJ COLLIMATOR THAT DFINES IE CONCERATE ON SPECIAL EVENTS, SU4 AS SOLAD

3 DEG FIELD OF VIEW. PARTICLE F4ENTS: OR TO DELL ON A NkRROR ENERGY
EGION OF INTEREST WITH ANY PARTICLE TYPE. THE

9.3 FUNCTIONAL BLOCK DIAGRAM B A

A FUNTIONAL a= DImII OF TH4E SO INSiIIENT OPERATING COGFIGURATION WILL E LOAD INITIALLY

IS SOWN IN FIaE 9.2. TIE imN T OPERATES NO ADJUSTED AS COD ITIOs DICTATE.

FRO A 21-SIT SEMICONDUCTOR MEMORY (GM) Tl'AT
IS sTRwTIE INTO 26 8-iT WORDS IAT AE ONCE '1.E INS JIMT MS IS LE OPERATION

INDIVIDIUALLY AESSABL E AND LW3LE VIA "'IT FROI ANY PAGE IS SEICTALE BY A SIBSEUENT

S ERIAL-IGITAL COM?%NS (MAGNITUD COMMANDS). iNSTRLCTIG wNirn. commim (TNT). EACH 9-SIT
F-uR oF nEs WOR Ds (2-sT cOmRO RGIsTR) IN9 COMM ALSO SE' TS THE DLL TIME THAT THE .

COPFETELY EFINE DE OPERATING MM OF lH INSTRUMNT WILL IEMIN IN EACH ME AS IT CYCLES

t-'nSeRW . A P! IS DEFINED f SPECIFYING THE 1H H 'THE Y PAGE. TIMES OF R, 16, 2, A ND

LOGIC CmDTrims (col.cE] 1 "ANTIcoc ImcI ). 64 s:w ARPSSIBLE. SItC E1TE SATELLITE SPIN

GAIN, AIND OG TIESHOLDS NQUIRED u THE RATE IS I RPM, TE LONGEST GEU. TIME COISP0 S

Fm sORm 0(D, E, E', A) M UMEL APPROXIATEY 1 OESPIN PERI). D1EL TIMES AS

ESTABLISH A PARTICLE TYPE AN) EOGY W FOR SO AS GE-lISGfn OF A SPIN PEIaD ARE,

ANALYSIS. A O4OiCE OF 'DO AMPLIFIER GAIN SETTINGS HEREFGW. ALSO POSSIB,, THE ABILITY TO

FOR iE D- AND E ETtTURS IS AvAmLA. TIE CALIBRATE TIE INSTRUMENT WITH AM INTERNAL PULSE
LER AND UPPER BEY IlUSHoLDS SELEl FOR GENERATOR SYSTEM IS SELWTLE IY ONE SIT OF T E

NALYSiS f HNE 32-o4A EL PtIEIua4TAmLYR IT COqAN. THE ORDER OF 1HE DIGITAL DATA

(PM) AM O R E 10 8IT AN 6"sIT GJTPUT FM TE SPn TNETER IS ASO SELCTABLE.
ESOLUTION ESPETIWvLY. EITHER uE D- OR A PRIPIVY FaftT IS USED WESS SOME FAILLR
*E- rT.C CR IS L .. AT MW TIIE O ANLYSIS 0CO S IN E: EAWT CIRCUIIRY AT WHI04 TIME A

If THE PHA r w THE P uiTl . TiE BOGY ECGCARY IIAT IS AVAILABLE. THE ABILITY TO

1IRSHOLD OF THE SENSOR NOT SLEl, D FOR ANALYSIS WE1IT A lAA,1ED 3ACKL P D E IS ALSO AVAILABLE

BIE SET 70 8-1IT ESOUmION. SHULD A RUM FAILURE OC IN 1IE EMY

oPERATIGI. THE HAwImiE rr MAIE MD!EASURES ThE
EIrT OF wE mEs oIsE oNE PAE OF r y in BOG Em-moNs (OD-51O ,EV) No is

M ElefT PAGES CoSTlUiE TiE CmIET ErY. INPENDE? OF THE W . THE INmmu 'T ,
To Lao IHE comLE wRUY EUIIES 522 cwes OPRTES IN 'HIS CONDITION AUOIqTICALLY *WE"E -

(AmIESS + i A) Ae 52 SECONDS AT A COMIN NE M Y IS BEING cm DISABLE). DIGITAL

skiE OF ONE FmR mca. EACH Pa OF mmY CAN UIWALS FI THE MX S It NE APPLIED To A

K s1iCmtm io o .sizE amE PArTICLE TYPE COINCIET LOGIC UIT WERE THEY ARE TES70
&(W.E., eni ALs) PARTICLE TYPES 10 ALAlET lIE NSITIONS SPECIFIED IN NE COAD To-
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EAot OF liE 22 owm OF E AM / CONNECTE 9.4 OPERATIONAL ASPECTS

To 16-sIT BIWY #CCUIWILAR S4IFT MISTERS "IAT TIE S iieT UflLIZES- ! DISCR'T

ARE PEAM r EVEY 0.5 SE TO 7M IMVINY. THE Cotww 10 Poo (1) M twmnNT (50), (2)
0.5-SE: AMLUTAON TIM VMsPG S 10 A 3-M c o 1 ( J(a) (3) (2

'OTATION OF TH SA.LLI1E. IN A)ITION, THE ARE w SSTJIv (500). A LD (92) ( 3O(]) ST"

1 2 -IT =UllATRS CONNEC1E 10 EACH OF THE FOUR P P.4 CENY L INE EATION Ml A

SESO 70 MEASUR THE INIEGRAL. -COUNTING PATES Pwl) (A ) MCST LOWI *MTSO l *0 A

AM& ~ ~ ~ ~ ~ ~ o TH OET7HEW OAN (5D0) MUST PRECEDE IM SENDING OF AN

o E MST INSTRUCTION (NST) cw . THEEA AE 256 INST
CM*WOS AVAILALE FOR USE (5101 THROU13 5E%-8)

UN SERIAL EAOUT, EAH 16SIT ACM.ULAT IS THE CALIBRTION SYSTEM CAN E DISAB.ED IN THE

CORESSID INTO AN "-SIT OUTPUT WORD IN A EVENT OF A FAILURE VIA A DISCRETE CM9hND (.W).

PSELW-LDAR7WC MNNER. THE 8-3IT OUTPUT WOO THE SC3 PECERY WILL E LOADE AT 1HE EARLIEST

aA CONSISTS OF 4 BITS THAT IEFINE 1E LOATION OF THE OPPORTUNITY AFTER LAUNCH AND REMIN ATIVE FOR THE

MOST-SIGNIFICANT-ONE BIT IN THE ACCJIMLATOR (A DURATION OF DC MISSION. THis IS ACCOMPLISHED gy

FIFT4 BIT IS IPLIED) AND 1tE 4 BITS OF BIINARY smiNG 2% COSItaTo OF DTA AND Amp-ss wms

MTA THAT FOLLOW. THE DATA CONTENTS OF THE AT A ITE OF 1 WOA/SE. CJHAIGES 1 lIE MEMORY
C1~MLATDR LP ID A W.LE OFT lAE NOT C~FESSW

AMPE R EI AM N VALUE IN 31 ATE NOTWILL BE UAOLISHE TY AUTlATIC SLOCKS OF SERIAL

BINARY COWIFS (9 BIT) OR SY INDIVIDJAL SERIAL

N134ER A MKLATOR VLES lVE PlAXIMlIM 9IOR CM S (9 BIT). THRESw owaS To SELECT

ASSOCIATEM WITH DE 1TRUNCATION NEVER D(CEES A FEW DIFFENT BERGY mNGS ARE vMM To BE DC

PERENT. osT FRELENT.Y SENT CafAM AFTER PAYLOAD

A 64s-gI STATUS .CK DESCRIBING DE COPLETE INITIALIZATION

- CONFIGURATION LOGIC OF THE Itls fNT IS RAOUT IT IS PLANNE THAT THE S3 INSTRuENT BE

EVERY 9 SEC N, 7HEREFORE, THE MNIn DWELL TIlE OPERATIONAL AT ALL TIMES ALRING TE PM-2

(8 SE) OF A M)IE cAN BE DEINED. THIS STATUS SPCELIGHT. THE PRIMARY E OF OPERATION WILL

LK REFLECTS 1"E CONTROL LOGIC OF "rE INSTRLUET K mEMA ING ELECTRONS AND THE INSTRRENT WILL

AS ACOUiRW Fum' IE mY FOR EAC HWE AM ALSO OPERATE ALTER'AlELY Nm Dw p D ID- AND"

THE CONOITIONS SPEIFIED BY THE INSTRUCTION AN HIONEPqWG ELECTRON RANGES FA1 A PAT OF =

THE DISCRETE CMW9I lS. FOUR ANALOG OUTPUTS 110Yr. THESE DATA WILL BE USED IN IEAR-1EALTIME

PEASUL E IMON 04EC 1)- E-, AND E'-vETcTORS ANALYSIS TO DTENE THE PRIMARY ENERGY SPECTRWI

Am THE EMIPE!RTURE OF THESE DiETORS. A DwwRY NIl RADIATION DOSE AQUIRED W41ND VARIOUS

OF E EY FEATURES OF E SPBiRm uER IS GIVEN sUIELD# THICKNESSES. AT TE TIMfS OF SOLAR

IN TABLE 9.2. PARTICLE EVENTS, OPERATION WILL BE BY COMMP D FROM

Table 9.2. Summary of the Key Features of the SC3 A PREELEcTED PA E IN mEII TO OTAIN THE PROTON

Spocomt er SPEIrRIJ1 NO ITS CONSTRIIUTION 1M TH DOSE.

-"1 .SINCE A KNOILEIX3E OF DE SO ORIENTATION WITH
PDlIe a cs . v *f r *e U. 910IIk.V.s. I. 0, 0 he."

r,..,,,,p szu .v ESPECT 10 THE MNETIC FIELD ORIENTATION IS

ESSENTIAL TO ALL IEASUREMENTS, THE SO INSIRIENT

WILL X OPERATED WITH THE SCI INSTRMENT.

**-- SPECIAL ALIGNMENT CALIBRATIONS UlWEM THE TWO

INSTrMCTS WILL BE PERFOR14M ON-ORBIT.
Tt et, e....e. -m .... e -4Om

Tfl, ro a

P w we .. l S. IWO
|

ll-rP1111I4". "oltoo 11trw 11I Z

Gft....01o.", 0' 1O m.$.,

IMe.*. .0 MO~s. St

op-a*s a.n l

D-1 dUw w MODE S, l&h 1. a.
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S"MTR-78-24

DESCRIPTO OF TH SPACE TEST PROGRAM P78-2
SPACECRAFT AND PAYLODS

EDiTS By

Jo R. STEVs
AND

ALE L. VNwOLA

15. SC8 ENERGETIC ION COMPOSITION EXPERIMENT

15.1 SCIENTIFIC OBJECTIVES ATS-5 AN ATS-6 wiLrUT KASS IENTIFICATION) ARE

TIE E 'T~G c ic,, CaGProSnz F p, Sc, PSEASuRED. (3) THE I=N c:€ ITIN OF THE PLAS ATwm ENRGor IONRXN EVENTSi ExpsET Ssn xR'T
MEASURES PC PASS WOSITON O TW NDT P PRIOR T 04ARGING EVENTS IS PEASRED IN O M

ENVEOPIN TIE P78-2 sPACECR. TfE IaN F.ux ASSESS THE CAPABILITIES FOR PREDICTING CliARGING
I'EASLUR0E1TS SPAN TIE ENERGY RGION FRM 00 TO EVENTS K Tit RECONFIGURATIOaN OF TW
V KEY AND TE K= RANGE FROM I GREATER TN ET ERIC C'JENT SYST1. PRIOR TO THE OSET

~ KL DID TI MAS RlECEFR~ 1 o W~ATE OF a~aonic souwm. (4i) TevaoRAL m RADlIAL

SEWENDM OF TIE PLASMA WDNPOSIT1CH ARE

TtE CIECTIVES OF 7WE EEIMENT FALL INTO TWO MT11MINED TO AID IN MOELING THE MDT PLASMA

EERAL CA7EGMR ES: (A) SPA~CRAFT OWM6ING EWvrRWEIN FOR SATELLITE ORBITS AT HIGER AND
* REhoNA, Amm (B) ~mPA& w NTEACTION r ss~s. LO'ES ALTITUDES AND INCLINATIONS TN THE P78-2

SPACECRAFT ORBIT. (5) FINALLY, SELECTED PLASMATPAA SCS ExIARGIWS seoEJ44 tIN sT&ANiNG m OMMITIaI ARE MEASURED DURING WIO. ION FLUXESSPARAT CHARGING R N IN SEEA NAYS.
FROM THE SC4 ION GiA ARE R'rutu T THE( 1 ) T E a pe p w i n a m S P A T I L A n is a w sOF S P C E R A T

DIE P ITIVE i0S IN TE NIENT lOT FLASKA THAT
IS EUIRED TO LDe1sTAN PD TO mW . nE sM TH THE S(8 eWr suFPms UERSTAWIN TE
EGION AROU14D T.E SPACCAFT UMING 0ARGI 'I...AS INTERACTION PROCESSES IN SEVERAL WAYS. (1)
Ewrts is m~mN. (2) TIE mmiNzE PLASMA AD FI..D WDITICG TIAT PRODXE
rSEOUS NO ION ONTAMIMANT EMTTED Br NE

lcsmPERIC ION AC ATION WILL BESPACAF (WICH HAS KE oSSIEVE P"v u .Y ON
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INWSTIGATED. (2) THE LCAL TIME ND EOMAGETIC ONE 0F THE TOO RANGES INDICATED ABOVE. THUS, A
LATiTnm DISTRIBUTO6 OF ME SOLRCE REGIm OF FULL ms SPECTRUI'M IS AU AT EACH OF 24
FIBDALIZED ICaO4sIERIC IONS WILL BE DOW POINTS EVERY 16 SM. IN THE SECOND M,

ijv.sTIGA . (3) TE FLASMA AND FIE.D COIDITIS THE ELOCTY FILIE IS LOCKED IN OW OF FOUR

.fiHAT PRODUCEE TW PRECIPITATION OF ERERIC DISCRETE VALUES owEspGo1tG TO f/ - 1. 2, 4, OR
Pena.ES FROM TIE TRAPPED POPULATIONS WILL ME 16 FOR 16 SEC, WILE EACH MA Is CYCLED AMONG ITS

INWSTIGATED. (4) THE LAGE-SCALE-AN 4AL-SCAL.E EIGHT DISCRETE LEVELS. THE ESA V.TAGE IS

IRASPORT PROCESSES FOR THE HOT R-ASMAS WILL BE SWITO.ED EVERY 6 mEc. THis. A 2-oiNT

INVESTIGATED. (5) FINALLY. THE FLASA NO FIED ENRGY-PEr-UIN-CHARGE SPECTRUM FROM THE THREE

CONDITIONS THAT RESULT IN WF WAVE ENERATION AND UNITS IS AQJIRED EVERY V/2 SECOND AT A SINGLE WVQ

MPLIFICATION IN THE KAGETOsP-ERE WILL E POSITION. AFTER 64 SEC ON A FIXED MASS VALLE, THE

INVESTIGATED. INSTRUMENT SPENDS 64 SEC IN MaE 1 TO PROVIIE
64 INFORMATION ON TE ,ACKGROLWD LEVELS OBTAINABLE

15.2 MEASURING TECHNIQUE FROM MASS REGIONS RETWEEN TE DISCRETE MASS

THE SCS INCTRmLE IS A mER !C ION wAcs PEAKS. FOLLOWNG THIS, THE VELOCITY FILTER IS

SPECTROMETER CONTAINING THRE PARALLEL NALYZER LOCKE ON A SECOND MASS FOR E4 SEC, AGAIN FO.LO4NM

UINITS, EACH OF WIC EASURES INS IN A DIFFERENT Y 64i SEC IN Fk]ix 1. THIS CONTINUES TH4KXW THE

ENERGY REGION OF THE RANGE FROM 0.1 TO 2 KEV, FOUR DISCRETE WO YRLLES. THUS, A COMETE CYCLE

EAcm UNIT CO SISTS OF A ORSSED ELECTRIC AD OF THE SECOND MIE REQUIRES 52 SEC. VARIATION

MAGNETIC FIELD VELOCITY FILTER (WEIN FILTER) IN IN THE NUMBER AND TIMING OF THE BASIC ENERGY AND

SERm- WITH AN ELECTROSTATIC ANALY'ZE (S) AND A MASS VALUES CAN BE SELECTED BY REALTIME CO ,WJD

CH,,.".. ELECTPRt-' ,LLTIPLIE SENSOF. 0E OF
UITS IS SHO SO,EMATICALLY IN FIRE 15 .1. THE INSTRLE-T ALSC INCLUCES FOUR ~oDADEANr

ELECTRON CH NN.LS FOR FRCVIDING _-ECTRC'.
BACKROUN1D IWfCR ATION AND FOR GEERAL CORRELATIVE

/~ ~SumsI WITH THE R.AsIA iom. FIXE MAGNEIC
COLLIMATOPRS FIELD NALYZERS FOLLOWED BY OMa ELECTPON

-A I MULTIPLIERS SPAN THE ELECTRON RANGE FROM 1,U'7 "

I NT fFIL 24i KEY WITH CENTRAL ENERGIES AT 0.16, 0.73. 3.3,
I AND16 KEV.
j CHANEL

MULTIPLIER 15.3 FUNCTIONAL BLOCK DIAGRAM

". , SOEATICALLY IN FiaJE 15.2. Au. OF THE OUTIUTs
K ')' -ARE FRC4 CHANNEL ELECTRON MULTIPLIERS ANO THE DATA

LECTROSTA ,C, FROM EACHAONEL RE HANDLED IN AN ANALOGOUS
L+L -I"FASHION. EACH SENSOR OLPLrr IS F.LIlqED BY A

Figure 15.1. Ion Mm Secmometer PULSE AMPIFIER, SI.PER, AND DISCRIMINATOR PRIOR

TO GOING INO A 16-BIT aONTR. THE ACCULLATION
-TIE II45rRtUENT HAS TwD BASIC VI:E OF OPERATiON AND READ TIMES FOR THE COUNTERS ARE SYNCHRONIZED

AMD To MASS .AfMS OF COVERAGE IN EACH MODE. THE WITH THE ANALOG FUNCTII AIE) CONTROLED BY TIE

TIC MASS RAIGES COVER FROM APPROXIMATELY 0.8 T INGTRlteJT a LOGIC AS INICATED

AfJ(Noe,) AuND u 12 AM TO amATER rW 0 A SeATCAL. Y BY THE CONTO LOGIC a.Oo(. THE
.(HEAVY). IN THE FIRST OPERATING MIDE, EACH OF THE INFRATION IN TIE ,I-B!T WDLN"ERS IS

* lIR AN4ALYZ.R (145 LC~tLE 1 G FOUR D1SO(ETE LOGARITtICALLY COMPRESSED M 8 311S PRIOR TO
E SETINGS IN 16 SEC. R MINING FIXED FOR 2 SEC ,,rING READ INTO THE T LEMETRY SIT STREAM BY TtE

AT EACH SETrTING. RURIN EACH 2-sEC PERID, THE SPACECAFT DATA MULTIR.EXR.

.. LOCTV FLTER %..I"TAGE IS RAMPED T PROVIDE A

V-POINT SS-PER-UNIT-OARGE (/9) SPECTRUI OER AN INFLlG'T CALIIRATION SEQUENCE IS INITIATED BY
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RFELTIE CO40,W THROUW THE CALIBRATION COTRO. N@ftlIFIE PWRFOWNCE IS ELAUATED IN THE

LOGIC. Tns SEENcE OiECS ALL OF tE WLNTr CALIBATIO SsEaENcE BY STEPPING THE DiSCmXNATOR

NO BUFFERS BY PRIV1DING PULSES T A FIXED RATE THRM 113 FOUR SEECTELE LEVELS FOR EAO4 O TWO

INTO ECH WIMTER. CHJW&EL FtLTILIR MI HIGH VLTE SETTINS F M -040E6 EECTRO
_n__ puzij. THE OPERATIP6 LEI . F THE

UK REA LTrUS m c. AFTR THE INITIAL_ INSTRUl"NT

- , _ dIIN IN A SELECTED MDE FR AT LEAST 24 HP FOR
*. - , _ _ _, ..,r FIDST W)U15.4 OPERATIONL ASPECT CLBAINO

ilkETH t rf ~TE ItSRPNTWL E PRL J ABEU OCE PER

MY ANDi I INITIATE YRATIE IPT ITRtN

6 ,- .m DURING THE LIFETIE OF MH SPAmcrCPe,- , IwzY
__- _ OEC'OUT DIFF IENT PERATiIN MOES WILL EL USED TO

we -PRDwn. EVENTS. THESE EVENTS WILL INCLUDE

I "¢: t' '- ' -'' EVENTS, FIE..-A',G.E ION EVENTS. SOLAR ECLPSE
Z -r;- [' _BY THE EARTD, ION AND ELECTRON GUN OPERTIONS,

,. FFRAL RELEASES. A ND EP.EC SEIC W V
-e" IVESTIATE-A. .... INKECTI OCS.

Figure 15.2. Block Diagram
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OBSERVATIONS OF INTENSE TRAPPED ELECTRON FLUXES AT SYNCHRONOUS ALTITUDES
G T. Davidson
P. Filbert
R W. Nightingale
W. L Imhof
SB. Reagan

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

E. Whipple
University of California at San Diego

ABSTRACT

The Lockheed High Energy Particle Spectrometer on the SCATHA sateifite,
P78-2. occasionally measures energetic electron fluxes near synchronous
altitude that exceed the commonly cited Kenne! and Petschek trapping limit

* Tweive cases have been analyzed in detail, including several fro-n relatively
quiet times and from times when the spectrum became very hard. These were
comp:ared with an energy-dependent formulation of the trapping limit [Schulz
and Davidson. 19851. which predicts a steeply descending spectrum above the
mini.rum resonant energy for wave growth, 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
conditions, there was a region of the spectrum, although often less than a

* decade wide in energy, that closely matched the theoretical spectrum The
plasma densities derived from the minimum resonant energies were compared with
ion densities determined from the UCSD ion spectrometer aboard the SCATHA
satellite. The agreement between the two supported the interpretation of the
energetic electron spectra. It 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 a model in which the
limiling process occurs by sporadic precipitatlon 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 I(super 0)
- 2 x 1 0(super 11)/L electrons cmsuper -2) s(super -1) is suggested.

to be submitted to ,. Geophys. Res., 1984.



C)ORDINATED OBSERVATIONS OF PRECIPITATING ENERGETIC ELECTRONS AT HIGH AND LOW
ALTITUDES USING THE SCATHA AND P78-1 SATELLIMES

P. Q Filbert 4 B. Reagan, R W. Nightingale, .. E Gines,
G T. Davidson and W. L mhof

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

ABSTRACT

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-shell. The L-shell
with the best spectral agreement is used as an independent determination
of magnetic conjugacy in each of the tree cases. It is found that in two of
the cams 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 tirme& 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 Olsen-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 Kennel and Petschek. The results are compared to SCATHA wave
measurements and order of magnitude agreement is found

to be submitted to 4L Geophys. Res., 1984.
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Enhanced Radiation Doses to High-Altitude

Spacecraft During June 1980

I. 9. Caines, 1. W. Nightingale, W. L. Imhof, and J. B. Reagan
Lockheed Palo Alto Research Laboratory, Palo Alto, Calif.

Abstract like magnetic shell on Wh£ch trapped charged

particles execute their spiral, bounce and drift
During the period June 9 to 14. 1980 fluxes of otions. At the magnetic equator, L Is the distance

high errgy electrons were greatly intenslfied at of the aell from the magnetic polar axis (in units
high altitudes. Since electrons with energies of earth radii).
graster than a fen HeY can penetrate sminl space-
craft shielding and damage electronic components, the 3. Data
increased fluxes during this period verL Investigated
to determine the ature and extent of damage they
might cause to spacecraft Is equatorial orbits nmat The electron fluxes and energy spectra were
en altitude of 30000 ka. It Is concluded that short selected for analysis at L - 5.5. This region is
term effects such an charging and subsequent die- s-mpled by the satellite twice each orbital revo-
charge in dielectrics from the accunulation of elec- lution near perigee. from ten minute periods cen-
trons stopped is the material in a Period of the tered at the L - 5.5 time, 4.5 minutes of spin av-
order of a day are more likely than total dose damage eragod data In each electron eoergy range were ac-
oser the few days duration of high flux levels. cumulated for 12 crossings of the L shell in the

period June 9 to 14. 1980. Three of these spectra
1. Introduction that Illustrate the trend of spectral 'hardening', or

an Increase In the flux with increasing Inergy, are
Fluxes of energetic electrons at high altitudes shown In FiSure 1 along with a long term tine-

in the outer radiation belt were Intensified to an ateraged model spectrum labeled 'NSSDC A*-4 Mean'
mnusual aztent, particularly for energies greater (Ref. 2). The A*-4 electron enviroment model dave-
than 1 HeV, by a magnetic storm which began on loped by the IUSSDC for epoch 1967 is for solar max-
June 11, 1980. Since electrons with these high sner- imun and therefore should be directly comparable to
gies can penetrate nomnual spacecraft shielding and the 1980 SC-3 data. From Figure 1 it is evident that
cause damage to electronic components, the fluxes and the electron spectra early in the period before the
energy spectra of electrons up to 5 Key In the time onset of the magnotic storm were softer and less
period 9 - 14 June 1980 were Investigated. Measure- intense than the *1-4 model for energies greater than
ments were made with the hIgh-energy particle spec- I MeV. Sy June 13 the spectra were more intense than
trometer knov as SC-3 on board the USAF Space Test A1-4 at high energies and at 2210 UT on June 14. the
Program P78-2 spacecraft (Spacecraft-Charsing-At- last data currently available for the period, the

* Righ-Altitudes or SCATNA mission). lectron fluxes flux intensity for energies greater than 2.6 NoV Vas
and spectra from a selected region of space were the highest observed to that time in the SCATKA mas-
compared with the National Space Science Data Center sion.
(NSSDC) AE-4 tine-averaged model and earlier SC-3 In Figure 2 the differential fluxes in selected
date. The radiation doses in silicon and the fluxes SC-3 analyzer channels are plotted versus time for
penetrating various shielding thicknesses of aluminum all of the L - 5.5 data is the June 9 to 14 period.
wore calculated for the measured and model spectra. At the top of the figure. the geomagnetic Iodex Dgt

is plotted. The sharp decrease in Dsc and slow ro-
2. lnstruentation covery over the three following days clearly mark the

magnetic storm. While the low energy channel fluxes
The SC-3 experiment measures electrona, protons (a ( 200 kV) vary by as much as a factor of five, no

and alpha particles using a solid state detector trend is evident during the period. At high ener-
telescope surrounded by a scintillation counter anti- gies, the trend becomes oot pronounced with the
colcidenca shield. Logic configurations among the flumes Increasing monotonically by so order of
telescope detectors and the energy r nge of analysis magnitude from June 11 to June 14 in the 3.39 - 3.79
are selectable from su internal memary providing a NieV channel. The relatively long storm recovery
large number of possible modes of operation. The period with several mnor negetive D., excursions
standard preprogrammed modes used routinely include Indicating conticued magnetic activity may Occeunt
two onergy ranges for electrons (467 to 299 keY and for the large buildup of high energy fluxes.
260 to 4970 ke) on four proton ranges spanning 1.0
to 200 e. The Instrument geometric factor of 4. Analyts
3 z 10 -  cm2-sr and its orientation on the spinning
vehicle allowed accurate measurement of the high
fluxes of electrons and their pitch angle distribu- The penetration of aluminum shielding by elec-
tions in the outer radiation belt. A more detailed trons wo calculated' for the spectra in Figure I
description of the experiment is published elsewhere using a computer program which gives an extellenc
(Ref. i). simulation of electron scattering and energy loss by

The P78-2 spacecraft was launched on Jan. 30, analytic solution of a Fokker-Plenck diffusion equa-
1979 and em Feb. 2, 1979 was boosted into its final tion. This code, an adaptation of the ALRORA program

orbit with apogee at 43192 ka, perigee at 27417 ke, a developed by Walt at al., (Ref. 3). treats the geome-
7.9 degree inclination and a period of 23.597 hours, try of. electrons with a specified angular distribVr
which is nearly earth synchronous. The spacecraft is tion incident on a plane shield medium. The penetra-
spin stabilized with a spin period of about one at- tion depths af the fluxes obtained by integrating
nuts. This orbit traverses the region of geoeagnotic each of the four spectra above several energies with
apace fron L * 5.3 to 8.0 where L defines a dipole- Isotropic angular Incidence on one side of a plane

4002 0011 94tl/81.120M4-410.5 1951 IEEE
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Mappings of Energetic Electron Precipitation Following Substorms Using the
Satellite Bremsstrahlung Technique

AW. L lmO, J. STADsm*, I.R. KDJU, D. W. DATwwF
G. H. NALI&No, J. B. R1AGAAND~i P. STAUNNt

- Spre ImeerL~mory.L~e~~edPao Ala. Reach Le~uetery. Palo Air*, Cawalh 4

With -n armay of collimated cadmium telluide spectrometers as a spinnisg polarorbitS iagetlite
(P76-I) a study has beam made of ft ierertic bomatrahlwiug X rmy (> U1-AW) patterns followin
substorms. From as altitudle of -600 km. X rays cnsiating from a wide rnge of apic local times on
be obeeve and the localtimer pro13. mapped on a given past of the stelite swon either polar ap.
Pronounced longtude variations. the X ray itenstties ad bem ihe Precpitating elaimro Bum were
ebservd is the: daytime ector at various delay times after tde ane of sutbosorms; nar loal midnigt. The
Imngitude prefile futues were found to permtov tame periods of as Iwaon a flw minutia, Longitude
variations in the mosrly spectra of the bresmstralhung X rays wan als obtained, and ain severa counsthe
spectra wmr hounid to be hoarder at latr local tim. after midnight. althoug no conistent trends wea
IVadLs Coordinated masurements of electrons fom the SCATHA satellite at near-Ssnthronous orbtt
revae enhancemets i the Suam of trapped ecrous us the dayside at the times of the X ray eveas
indicating a correlation between the trapped &ad precipitating emon fluses, Additional information on
the longitude profila of electron precptation was obtained huom riomete measurments.i the Dumbt
closi. hid also provided complete time kisoria at the station longitude. The longitude diantrion of
merpg-trelection precipitation as 64fre from naelire X my intensty and from riometer aimorption

ammris shlow very -W aginmet The riometer absorption at the Naramual ssatio with an
value of 7.3 comparable to the SCATHA values. was found to be very imilar in time profile to the trappL~

* electron fluas meinrd at SCATHA. showing a does amomanon between the trapped and precipitating
flauof d Ictins

* IriThOosxrNo ad that subeequaently energy- and pitch-angle-dependent dis-
Is has been postulated that electron precipitation in the Pmnos occur

mid-to-late morning hours may be directly associated wit th Further experimental suapport for the drift hypothesis has
*injection and s leation proceuses tha acu durin OI comne from the large-scale balloon obeervations of Skirun etal1

netospheric substorms in the midnight sector. This association (1971], who found that the average delay for onset of X ray
* olows from a oombination of Ohe longitude drift of electons in events increases with inrasing separation from the midnighot
*the geomagnetic: field and their precipitation. In the past the s~r Mki was inepee as an effect of the drift of elections

phenomenon has been studied with bremastrablung x ra in the magnetosphere from an -ctlcation region on the night.
measuremnts taken from balloon& with riorneter data, anod side of the earth Marfl et W1[1973] discovered that the onsets
with direct electro observations at synchronous altitode, of X may events bercrme steadily more gradual as one goes
From balloon X ray masrmns Bmi tn oebr oward gresa drift paths from the preumed aer-ieratioa
[1966) found that very extensive and intense precipitation ren. K.. gas to at [1974,1975) found that morning activity
evesnts amn observed after dawn an that their ocurec is (Often cailed SVA. slowly varying absorption. events) is delayed
frequently correlated with a polar subetorm. Using direct elec with respect to the midnight activity though the time delay
tron measurements ats m broeous altitudes Pfe and varies from event to event. The energy spectral variations
Wanckkr (1969] postulated a model in whc enre ale during the SVA events in which the X ray Bluz softens initially
trons, are crated newr local midnight sand then gradient drift to carn generally be interpreted in term of a drifting cloud of
later local times. Evidence for large-scale azimuthal drift of electi=ti The tiometet data of Burkey eta. (1974) indicate
electrons during substorins was obtained by Anro~y and Chan. tht the dayside precipitation 1-2 hours after substoron onset
(199 and by Rose. mud Whuchfr [1970) from womparisons of can be fairly localized (1-2 hours in longitude), with the local
synchronous orbit data with pround-bassed riometer measure- otina for maximum precipitation shifting eastward to later

mits. From smulitaneos measurements in die eatoria Wrt at longer times from substorm onset. In most of these
plane and at balloon altiudes, Parks [ 1970] found that the OUR earlier studies the particle distributions were assumed to move
versus time profiles between precipitated and trapped electrons only along a meridian or only in longitude, but it has been
are extremely well correlated at local times between midnight emphasized by Kivlsot mod Southwood [1975] that aomler-
and noon. With ATS 5 data DeForest end Mellwejru (1971] &1tio, inward motion, and east-west drift are strongly coupled
discovered that a hot cloud of plasmna is injected into th PrOonsesa in many instance.
midnight secori of the magweosphere during each mabstorm In some SVA events, enhanced ionization occurs at altiudes

below the normal scattering height for forward scatter HF and
VHF transmissions. estimated to be - 75 km., and such events

Permanent addrem: Depatwm of Physies Unaversity of berges. are then also classfied as tltivsic electron precipitation
so#ge. Nors sy

f Geophyscal Dprmn.Mtcoooo noot.Kbales (REP) events since it is thought that precipitated electrons with
0. Denmark enpergins Meteroloica 0.s1sse andhav 191Mev are principally responsible

[Bai). 968. Xomber etai,1972], After onset of a substom
Copyright C IM6 by shet American Geophysical Union the deli) time for daytime precipitation of energetic 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. GAINES, DW. DATLOWE,
J. MOBILIA. AND G. H. NAKANO

Space Sciences Laboratory. Lockheed Palo Alto Research Laborator . Palo Alto, Cal(fornia 94304

Bremsstrahlung X ray (>21-keV) mappings and direct electron (>61 keVI measurements from the
low-altitude polar-orbiting satellite P78-I 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 atmosphere over a wide range of longitudes and L shells were negligible just before
the substorm onset, then rose to a maximum within about a minute or less. and remained at an
enhanced level for the next 9 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-79
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 addition. the satellite data revealed a relatively sharp longitude decrease in
electron precipitation at positions east of -30E or at magnetic local times after - 1.5 hours.

INTRODUCTION tation at the onset time of a substorm has not been well
At the onset time of a substorm, energetic electrons are studied partly because of the difficulties of obtaining contin-

precipitated into the atmosphere, and the global spatial and ual worldwide mappings at those energies. Until remote
temporal morphology of this precipitation should reflect the sensing measurements of the precipitation of higher energy
importance of local acceleration processes in comparison to electrons are performed from high-altitude satellites, it will
azimuthal drift or propagation effects of particles accelerated probably be necessary to piece the information together
elsewhere. Higher energy electrons (in the tens of keV from available data covering more limited regions of space
region and upward) represent a significant portion of the and time.

I * electron energy associated with a substorm, and they can Proper studies of the precipitation of energetic electrons at
also provide important tracings of the magnetic field topolo- the time of a substorm can best be made from widespread
gy and an indication of the more energetic acceleration spatial and temporal observations. In this regard. riometer
processes. The question of whether the energetic electrons measurements have been restricted in spatial extent and
come from an existing population or are freshly accelerated direct particle observations from satellites or rockets are
is a very important consideration that has been addressed by quite limited in their usefulness, although in certain cases
several authors. It was found by DeForest and Mcllwain simultaneous measurements from more than one vehicle
11971) that clouds of hot plasma are injected on a one-to-one have proven to be very useful [e.g.. Rossberg. 1976. Ross-
correspondence with magnetospheric substorms. The plas- berg et al., 1977). High-resolution spectral and pitch angle
ma injected at times of substorms will subsequently disperse measurements near the equator at synchronous altitude
in energy dependent clouds driven by the residual electric [e.g., Parks et al.. 1977] have provided important informa-
field and by the magnetic gradient and curvature drifts, as tion on the source locations of particles during substorm
investigated by Mcllwain [1974). Moor et al. [1981) have events. Postsubstorm electron precipitation extending
considered substorm plasma injections in which boundary through the daytime sector has been investigated with
motion plays a major role. Based on the lack of riometer bremsstrahlung X ray measurements from low-altitude satel-
response at higher latitude stations in several events, Baker lites (Imhof et al., 1978, 1982] and from balloons [Barcus and
etral. (1981aJ concluded that the injected electrons are newly Rosenberg. 1966; Sleaten et at., 1971; Maral et al.. 1973;
accelerated. When detailed information on the spatial, tern- Kangas et al., 1974, 1975], but X ray mappings right at the
poral, and spectral characteristics of the precipitation be- onset time of a substorm are not generally available. Only a
come available, one might hope to learn more about the few X ray results during the initial phases of the auroral
important question of whether a substorm is a directly driven substorm, lasting 0-5 minutes {Akasofu, 19681. have been
process [Akasofu, 1979, 1980] or whether there is a growth published [e.g.. Bjordal et al., 1971; Pyne and Trefll. 1972;
phase [McPherron, 1970, 1972; Baker et al., 1981a, b). Pyne eta a., 1976; Maui et at., 1981; Kremser et al., 19821.
However, the spatial dynamics ofenergetic electron precipi- 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

Also with coordinated measurements, and for this purpose the satellite
Ber . th epament of Physics. University of Bergen. bremsstrahlung technique can be particularly useful. For

example. worldwide mappings may enable one to identify
Copyright 1962 by the American Geophysical Union. strong longitude vanations, such as the occurrence of

Paper number 2AI087. growth in one longitude sector while expansion is going on in
0148-0227?82/002A-108705.00 another, as suggested by Wies and Rost,lpr 119'5j. Also.
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REVIW OF HOT PLASMA (OMPOSITION NEAR GEOSYNCHRONOUS ALTITUDE

.cRhad G. blhma
Lockheed Palo Ato Resnh Laboratory

sad
- Uiveraly of Beret

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 (0+ and He+) are
frequently observed to be significant contributors to the hot plasma density
and energy density, and during geomagnetically disturbed periods, 0+ ions are
frequently the dominant ions. During geomagnetically quiet periods H+ ions
are typically the dominant hot plasma ions. Evidence for a solar cycle depen- S
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 1st Spacecraft Charging Technology Conference in 1977,
quantitative measurements on the ion composition of the hot (0.1-30 keV) plasmas
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).

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
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 sumary of the

t~bat of the unreferenced data presented In this review was reduced and analyzed
while I was a Visiting Professor at the University of Bern. I am indebted to
Professor J. Geisa and Dr. R. Balsiger for making the visit possible and wish
to thank then and other members of the staff at the Physikalisches Institut
for aking my visit both productive and enjoyable. This research was sponsored
by the University of Bern and the Lockheed Palo Alto Research Laboratory.

Spacecraft Charging Technology 1980, Conference
Proceedings, Edited by N. J. Stevens and C. P. Pike,

1ASA CP 2182 1981
- . -



SCATHA OBSERVATIONS OF SPACE PLASMA COMPOSITION
DURING A SPACECRAFT CHARGING EVENTt

- R. G. Johnson, R. Sraageway, S. KIye, R. Sharp, sad E. Sbdley
Lockheed Palo Afto Research Laboratory

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, H+ was the principal plasma ion, and during the event 0+ was the
principal ion. The composition was energy dependent and varied signific ntly
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
i'

The number density of the hot plasmas that produces spacecraft
charging is 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
or assumed. Also, the secondary electron production by key ions incident on
spacecraft surfaces is often strongly dependent on the ion mass. Prior to
1977 when hot plasma composition measurements at high altitudes in the equa-
torial regions began, it was generally assumed that e+ was the dominant hot
plasma ion (ref. 1). Measurements extending up to 32 keV have now estab-
lished that 0+ ions 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 Resarch and the
U.S. Air Force under contract N00014-76-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. JoHsoN, R. J. STAANGEWAY.* E. G. SHELLEY.*

J. M. QLviN.0 and S. M. KAYE

OLock Aced Palo Alto ARstrc-h Laboratory. Palo Alto, California 94304. U.S.A.
**PsMa Phlisau Laboratory-, PrifiCoR Uivrity1. Princeon. New Jersey 08544. U.S.A.

(Rocemved July 19. 1982)

7be SCATHA spacecraft provides hot plasma (0.1-32 key) composition
measurements neaw the equatorial plane in the L-shell range from about 5.3 to 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. Ion pitch angle
distributions are often found to be highly anisotropic, temporally jspatially structured,
and mass dependent. During geomagnetic storms. hot plasma ions of ionospheric
onign 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. FollowingI * magnetic substorm-injection events. energy-dispersed drifting ion clouds observed at
the Sc ATH 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
10-5300 eV) ion fluxes trapped within a few degrees of the magnetic equator has been
found to be dominated bN H' ions at the measured energies above 100 eV.

k

1. Introduction

The SCATHA spacecraft was launched in January 1979 into a 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 electron 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 SCATH A payload includes the Lockheed ion mass spectrometeTrfor hot
plasma composition measurements in the energy range 0. 1 to 32 keVfq. The mass

237
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The Radial Gradient of 0. 1- to 32-keV H and 0 and the Azimuthal Wave
Electric Field as Inferred From a Large-Scale Dayside Pulsation

S. M. KAYE' AND E. G. SHELLEY

Space Sciences Laboruory. Lockh d Palo Alto Researh Laomory. Palo Aho. Calf'nmia 4304

" In this repon we oe 0.1- to 32-keV H' and O Pux modulations observed during a large-cale dayside
pulsation event at -6 R, war the equatorial plane on April 4. 1979, to estimate the azimuthal wave alec-
mc field and spatial radial gradiatct of the phase space densities for the two ion species as a function of

OF energy. We first find that the average azimuthal 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 AE
during the course of an oscillation. Becuase of the large hield displacement we can infer the iou distnbu-
non spatial radial gradients from a theoretical expesasion which detchibes the effects ofa resonant hydro-
magnetic wave on a particle distribution. We find that for both H * and 0*. af/BA < 0 for all energies In
addition, we find that the spatial scale length for changes in I for both 0 and H* is generally of the
order of several earth radii.

INTRODUCTION 1979. Although similar in design to previous Lockheed in-

in recent years the capability of using particle measure- struments. the mo- spectrometer aboard Scatha can sample

ments to study hydromagnetic oscillations of the magnet- the energy range from 0.1 to 32 keV/q. Previous instruments

osphere has been realized. Various studies have used observa- could measure the various ion species with energies only up to

tions of particle oscillations to analyze dflferent features of the -15 keV/q. The Scatba instrument is also capable of sam-

- hydromagnetic wave. Lin et a. 119761 showed that local Fermi pting practically the entire pitch angle range each spin (- I

and betatron acceleration in compressional wave events with min). For a more complete instrument description. see Kaye et

2- to 12-•in periods could account for the observed oscilla- &L 119811.

Lions of 50-keV to I-MeV electrons. From the 90' phase shift As we shall see. the large-scale and long-period wave event

between the plasma and Pc 4 magnetic waves. Cummings et al. of interest prevents us from explaining the corresponding par-

11978) inferred that they were seeing standing field line oscil- ticle oscillations by a single mechanism. For instance, the be-

lations with the plasma oscillations caused by the E x 3 drift tatron acceleration due to the compression of 5 cannot be

motion induced by the wave electric field. Kokobaw e a/. used alone to explain the particle response; effects due to field

119771 arrived at a similar conclusion for low-energy (<600 line motion and the existence of a spatial radial gradient in

eV) plasma oscillations during a Pc S event, but they also the particle distribution as well as the acceleration of particles

found that the phase of 79- to 330-keV particle oscillations by the wave electric field must also be recognized By assur-

with respect to the magnetic oscillation depended on energy ing that the radial gradient of the particle phase space density.

and local time, suggesting a coupling between the magnetic J1/BR. is independent of energy over a limited range of

drift motion of the energetic particles and the azimuthal elec- energies. we can estimate the azimuthal wave electric field

tric field of the wave. Hughes ei al. (19791 also found low-en- from differences in the phase space density, at various wave

ergy protons in quadrature with a compressional Pc 4 mag- phases. of ions in that energy range. Iterating this process, we

netic fluctuation, again indicative of the plasma drift velocity find the best estimate for the wave electric field to be 10 mV/
induced by the wave electric field, and they also found that m ±: 15% peak to peak; such an electric field can cause a field

he higher-energy protons were in antiphase with 5 and thus lite displacement of -1.5 R e.
the total perpendicular pressure was conserved. Hughes et al. With this value for the wave electric field we then compute

* found further that electron oscillations at most energies were the radial gradients (Of/aR) of H and 0* for energies from I

out of phase with B. and they concluded that the effects of the to 30 keV. For the particular storm of interest, on April 4.

wave-induced drift velocity were not important because elec- 1979, we find that af/BR < 0 for both H* and 0* in the energy

trons have much higher thermal velocities than protons of the range from I to 32 keV. In addition, the spatial scale lengths
same energy. Stager and Kiwelson 1979] used ion density fluc- for changes in f were typically of the order of several earth

tuations to identify the electric perturbation of a Pc 3 oscill- radii. We have previously shown (R. G. Johnson et al, 1980)
tou when Ogo 5 was at a node of the magnetic oscillation. that during this storm, 0* was the dominant ion over the en-

It is the purpose of this brief report to examine particle be- tire energy range. Furthermore, we presented evidence to sug-

havior during a large-scale, long-period compressional oscilla- gest that the >l-keV 0* and H' ions were energized in part

tion of the magnetosphere to infer properties of the wave as by earthward adiabatic convection. The similarity of the

well as the spatial distribution of H and 0*. The data that we radial gradients and spatial scale lengths for O and H" that
will be using were obtained from the Lockheed ion mass spec- are calculated in this study is further evidence that for

trometer aboard the Scatha satellite. Scatha was launched into energies of >1 keV these two ion speci. underwent sirilar

a near-equatorial, near-geosynchronous orbit in January transport and/or acceleration process.

Now at Plasmra Physics Laboratory. P iltona Uaiversuty. Prance- OBSERVATIONS AND CALCULATIONS
wn New Jerwy 0544. The pulsation event of interest occurred on April 4. 1979.

Copyngbt 0 1911 by tbe Ameican G ophysical Union. and was seen by instruments aboard Scaths from -0400 to

Paper number B0A 1514. 2455
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Observations of Transient H and 0* Bursts in the Equatorial Magnetosphere

S. M. KAYE.' I. G. JOHNSON. R. D. SHARP. AND E. G. SHEIY .

Spow Scimnew Laborutory. Lckbed Palo Ake twart* Laborary Pdo A e. onfs m 0430

Twenty-two days of data from the Lochkeed ion mass spectrometer aboard the Scatha smiute we
" used to perform a Matistical study of short-lived H° and 0* bunts observed in the equatorial maget-

osphem. The results of the study indicate that the ion hunts were transient phenomena oaurring primar-
ily in the nighttime sector during periods of enhanced geomanetic activity. The average emergy of the
burs. (W). was I keV. alhouab the bunts w... found to occue oer any portion of the instument's
IO0-eV to 32-keV energy range. Over one third of the obsrved bursts were asocated wite, fie-aligned
elections Bowing from the same hemisphere as the burst. The energy width (A W/ ( W, a I) and the
pitch angle width (as great as 30") of the burss suggest that the ions had undergone substantial velocity
spsa diffusion cose to the geomapetic equator.

INTRODUCTION the interaction between the hot auroral plasma and the geo-
One of the more exciting topics in current"ccresmagnetic field.
terole of the hoeaevyton conspitue in entrea topeserch d In a previous study, GAieb/emi et at (19781 performed a sta-

the role of the heavy ion constituent in actgnetospherc d tistical analysis of upflowing ion events (UFI). consisting of
nauice. The picture that is emerging has the heavy tons acting both beams and conics, observed in the energy range from 500
as more than just a minor perturbation in the magnetosphere; eV to 16 keV on the S3-3 satellite. The key results of this
as one example, Cornwall and Schutz 119791 and Kqw e i aL study wer that the UFI cincided spatially with the Feldstein
119791 demonstrated that both cold and energetic heavy ions auroral oval, the occurrence frequency of UFI increased with
could dramatically affect electromagnetic wave propagation increasing altitude (showing a sharp rise in frequency at 5000
below the H* gyrofrequency and thus influence ring current km), and the UFI occurred predominantly in the dusk local
decay. Heavy ions of ionospheric origin are not confined to time sector with very few events between midnight and dawn
the inner magnetosphere. Gkiene et aL [1979b], Frank et al ll,
11977, and Hardy er al. [1977) all observed stretaming 0 in In a very mcent study, D. J. Gorney et l. (unpublished
the magnetotail out to distances of -23 A,, 35 A, and 60 R, manuscript, 1979) extended the Ghielmetti et al. study by dis-maucit 199 exene they •hemet et&.sud•yd

Ioorespectively. tinguishing between beams and conics in the energy range 90
Ionospheric ions can be used also as probes of adiabatic eV to 4 keV. This procedure enabled Gorney et aL to point

aout the differences in character of the two types of anistribu-
Ion beams, distributions with peak fluxes in the dircton of ottedfeecsi hrce ftetotpso ittu
thnemae tri tien artpea in t of e a dparalelac tion oftions. For instance, during quiet times (Kp < 3) the conics ex-
the ma eic field line, are indicative of a parallel acceltibroad time distribution peaked near noon
mechanism and were frequently observed aboard S3-3 hile t beam local time distribution peaked ne poo-

[Shellty et a, 1976; Sharp e a, 1977; Miuera and Fennell, while the beam local time distribution peaked in the pre-
1977; D. J. Gmey ta&L. unpublished manuscript, 19791. Evi- midnight sector. Whereas conics were observed most fre-
dence f97;D o et a tranpuerse bis mechansc ha9s buminthequendy at altitudes greater than -2000 km, beams were ob-
dence for a transverse heating mechanism has been in the served most frequently above 4005000 kmn. In addition.

form of the ion conic, a distribution symmetric about the field both the beams ad the nic were found to occur more fre-

line direction whose flux peaks at some oblique pitch angle quently at energies of <400 eV than at energes of >400 e.

[Sharp at at. 1977; Mizera et aL. 1977; Klurnpar. 1979; Ung- The situation changed during periods of high geomagnetVc

sWq et aL, 1979). Transverse heating was also inferred from the activity (p g 3). During these times, oncal distributions

100-20" width (FWHM) of field-aligned ion distributions
tieb~rett or al., 1978, 1979a). The theoretical work of Kindul weir spread uniformly in local time, but beasn exhibited a

an enel 197 indicatbe thaeletosttic iork cyclotrn strong local time dependence with their occurrence probabil-
daves. w 1ich inuldprdcted tuht etrstrseatinion cyclotr ity peaking near dusk. The altitude distribution of beams re-

waves, which could produce such transvere heating ould be mained unchanged, but the conics had an altitude distribution
destabilized by electron drifts at an altitude of several thou- which increased systematically with altitude above 4000 km.
sand kilometers. Lysak etaL 11980) used this idea to study the- Moreover, the beams were observed more frequently during
oretically ion heating by electrostatic ion cyclotron turbu- disturbed than during quiet times, and during these disturbed
lene. Pek*it er at 11976) showed that these waves could be times the beam energies were >2 keV approximately 50% of
destabilized also by ion beams. Very recently, Kintner or a the time. In general, the results of the Gomey et al. study,
119791 presented simultaneous low-altitude observations of which distinguished between beams and conics. were consis-
electrostatic hydrogen cyclotron waves and upflowing ener- taut with those of Ghielmetti et aL, i which no distinction be-
gtic ions (H" and 0") demontratin& for the first time, the tween the two types of distributions was made.
close relation between these ions and waves. L&mIansson Downflowing ions on S3-3 wert also reported by Ghielmetti

119101 has suggested that transverse ion beating and genera- o r .11979aj. From the observed pitch angle widths (FWHM
tion of ion cyclotron waves arise as a natural consequence of _ 20) and from the fact that downiowing ion events oc-

'Present address: Plasma Physics Laboratory, Princeton University. curred far less frequently than uplowing ion events. GAie.
P. 0. Son 451, Princeton. New Jesy 0854. mati ot &L [1979a) concluded that strong pitch angle scattering

was isotpiu g the ion distributions in most cases within one
Copyright 1981 by the Ameuican Geophysical UnionL half of a bounce period.
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Ion Composition of Zipper Events

S. M. KAYE, E G. SHELLEY, Rt. D. SHARP, AND Rt. G. JOHNSON
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Acass of ice distributions has recety been identified by Fennell eta!I. (this issue). The distributions
- an composed of two components, a low-energy component with peak fluxes directed along the field lin

and a high-energy component with peak fluxes in the perpendicular direction. The transition between the
two components occurs over a very narrgw range of energies but can occur anywhere between approxi-
mately several hundred electron volts anid 20 keV. Because or the appearance of this distribution on an
magly yras time spectrogram, the ion events have been called zippers The purpose of this repot is to
eamine the mass composition of the zipper events. We find that the low-energy and parallel component
is ampowd primarily of O'. with. to a lesser degree, H* and a grace of He*. The high-energy and per-
pendiocular component ia predominantly H., with the relative abundances of 0* and He* down from
those of the law-energy component by a factor of - 10. These results suest that whereas the low-energy
component is probably ionospheric in origin, the source of the high-energy component is most probably
the plasmashbeet.

INTRODUCTION were probably directly injected from the ionosphere, the

In a companion paper, Fenneil et aL [this issue) present higher-energy, perpendicular fluxes were most probably con-
some rather interesting obserations of ion distributions near veCIed in from the plasniasheet.
synchronous altitudes. From data obtained aboard the The data that we use were obtained from the Lockheed ion
SCATHA (P78-2) satellite, Fennell et a!. found numerous eass spectrometer aboard the scATHA satellite. The mass
amples in which the low-energy portion of the ion distribution specrmeter i capable of measuring the various ion species
peaked in a direction parallel to the field line, while the in the energy range 0. 1-32.0 keY and is capable of sampling

highr-eerg flues eekd i a drecionperpndiula to practically the entire range of pitch angles each spin (-I rpm).
the field line, There was a well-defined transition energy any- For a more complete description of the instrument, see Kaye
where between several hundred electron volts and -20 keV at et (L198 1), and forea description of the orbital parameters of
--haih the distributions changed from field aligned to tppe. th CTAstlitseKy laL(91 rFnnell et aL

0 )CD viewed in an energy versus time spectrogram format, (this issue).
.,e intermeshing of these two portions. of the ion distribution .For our study we examined eight zipper events, each event

within a narrow energy range gave the appearance of a zipper. interval being I hour long. A list of the eight events, the satel-
As s dscusedby enelIet L (hisisse) fild liged on lite position midway through the interval, and the transition

distributions in the equatorial region near synchronous orbit energy as identified on the Aerospace spectrograms (D.
are not new. Field-aligned equatorial distributions have been Croley, private communication. 1980) is given in Table 1. A
reported by Mcllwain (19751, Borg er eL 11978). GeW et a select ion criterion for the events was that the tranition energy
(1978). Comfort and Horwir (19811, and Kaye es .L (19811. remuain constant throughout the I-hour interval.
The source of these distributions was generally believed to be
the ionosphere. Fennell et a!. attempted to determine whether DATA
the law-energ end parallel portion of their observed distribu- Elr pc
tions; originated from a source different from that of the high- aySecr
energy and perpendicular portion. Although Fennell et al. The zipper events identified in the Aerospace spectrograms

* suggested that indeved the two portions of the distributions had clearly showed a predominance of 90* pitch angle particles
different sources. they deferred to the mass composition mea- above the zipper energy and a predominance of 00 pitch angle
surements to settle this question. particles below the transition energy. What will become clear

It is the purpose of this paper to investigate the ion mass
composition of the zipper distributions observed by the TABLE 1. Date, Universal Time, L Value, Dipole Latitude, Mat-
SCATHA satellite to determine whether different source regions metc Local Tume, and Transition Energy (as Idented From the
are implied for the high and low portins of the distributions. Aerospace Spect-rm) for the Eight Zipper Events Studied Here

* Such diffecrences are in fact found. mhe low-energy and hield- Zipper
aligned portion of the 4pMe distribution is composed primar- Energy.
sly of 0*, Ao& with som H* end traces of He'. suggesting Date, 1979 UT L A, MLT keV
that this portion of the distribution was ionospheric in origin Feb. 22 0- l--2&-. 7.7 LI 6.5 4-6
[Sheiky a aL, IM7Z J&Uaoier @ L, 19741. On the other hand, 2100--22M0 6.7 15.9 14.3 2-4
the highber-energy. perpendicular particles were primarily H*, March 28 0230-0330 7.5 -5.5 7.81 -10
with the relative 0' abundance down from that of the lower- 0600-0730 6.4 -3.3 11.0 -6

"%ergy population by about a factor of 10. Consequently, our hc2, 0630-0730 7.4 -1.3 11.0 -40
alts indicate that whesna the low-energy parallel fluxes March 30 070D-0800 5.5 -8. 16.3 -3

CApyri& 0 11 bthe Amercan Gophyicl U~n. SI -. 13

* Paper number 1A0143. 3383
01411-0227/81/01A01431101.0O



GEOPIYSICAL RIESARCH LETTERS, VOL. 9. NO. 7, PAGES 777-780, JULY 1982

Composition Mosurements of Wars Rquatorially Trapped Ions fear Gosynchronuns Orbit

J. H. Quinn and I. G. Johnson

Lockheed Palo Alto Research Laboratory, Palo Alto, CA 94304

0S
Abstract. The mass composition of the intense In the one case at 3.10 magnetic latitude, pitch

warm ( -71500 eV) ion populations trapped within angle date were not presented. Thus, their ion
a few 1egrees of the geomagnetic equator In the observations appear to be generally associated
range L - 5.3-6.5 are examined using data from the vith a different population than that reported
Lockheed Ion Mass Spectrometer on the SCATRA with.4n a few degrees of the equator by Olsen
spacecraft. The equatorially trapped Ions, within (1981).
the measured energy range Z/q 1 100 eV, are found In this report we discuss results from the
to be predominantly protons. These ions can be re- Lockheed Ion Mass Spectrometer onboard the SCATHA
moved and replenished from the region sampled on spacecraft for eight crossings of the magnetic
time scales shorter than one day. Several recent equator during which the intense trapped ions with
works have focused on the energization of Re+ in energies above 100 *V were present within a few
the equatorial region by ion cyclotron waves. It degrees of the magnetic equator. Data from 3 of
is nov evident that an energization and/or trans- the 8 cases are presented and discussed in detail.
port process Is required which produces equatorial The observations presented below show that the S
H+ populations similar to those that have been portion of the anisotropic, equatorially trapped,
predicted for Re+. ion population above 100 eV/q consists primarily

of protons.
Intense fluxes of Ions trapped within a few The Instrument consists of three analyzers,

degrees latitude of the magnetic equator in the each covering 8 energy steps in contiguous por-
range L - 5.3 - 6.5 have been reported by Olsen tions of the range from 100 eV/q to 32 keV/q. The
(1981) using data from the UCSD Charged Particles data In this report are taken from the 'sweep'
Experiment on the SCATHA spacecraft. These ions mode, In which each analyzer bead cycles through 8
are extremely atisotropic with a peak at 900 pitch energy steps in 16 seconds, spending 2s at each
angle gud decreasing by over an order of magnitude energy. A 32 point mass-per-charge spectrum is
10'-20- away from the perpendicular to the field sampled during each two second period. The FWHM
line, with broader distributions at lower ener- pitch angle resolution Is 50. Pitch angle sampling
gies. The occurrence frequency for this popula- is accomplished by spacecraft spin, with a spin

ption in the measured local time region from 0900- period of approximately 1 minute. A more detailed
' 2200 was 30-50%. A systematic study of the comp- description of the instrument is given by Vaye ec

osition of this population has not previously been a .l. (1981).
conducted. Observations

Recently several workers have focused on the
possibility of a substantial Re+ population trap- Three examples of equatorially trapped ions
ped In the geosynchronous equatorial region. were chosen for detailed presentation. The energy
Young at al. (1981) have reported GEOS -1 and -2 range of the equatorially trapped population for
measurements showing Re+ heating to hundreds of eV the selected events extended well into the hund-
coincident with the onset of ion cyclotron waves, reds of eV, within the range of the mass spectro-
Nauk at al. (1981) have interpreted a wave frequ- meter. The March 22, 1979 case may hold special
ency gap near the Re+cyclotron frequency as being interest because of its coincidence with one of
due, in part, to He+ion cyclotron resonance. )auk the CDA.'-6 por'.ds. (The Sixth Coordinated Data
(1982) has also predicted that the wave generation Analysis Workshop (CDAW-6) is an international
process will leave an energized He+ population cooperative study focusing on energy transfer in
concentrated predowinatly near the geomagnetic nesr-Eartb space for two selected periods.)
equator (I <30). One candidate for wave-heated
Be + is the equatorially trapped Ion population May 16, Day 136, 1979
reported by Olsen (1981).

Horwitz at al. (1981) have examined 'pancake The first case analyzed, day 136 of 1979, was
distributions' below 100 eV using data from ISEE- chosen to allow direct comparison with the data
-1. These pancake distributions were found In both published by Olsen. The SCATRA spacecraft at the
H+ and He+ . However the distributions observed by time or -nreresc was crossing the geonngnetic
orwits et al. extended to magnetic latitudes of equator near local dusk, at a radial distance of
300 (corresponding to an equatorial pitch angles approximately 5.5
of 34 0 In a dipole field) and Included a broader In order to examIne the mass composition of the
selection criteria than the narrowly confined equatorial Ions, the data were sorted into six 150
"equatorially trapped' population reported by pitch angle bins, folded about 900 . The counts in
Olsen. The observations of Re Jeating by Young at the lowest three energy channels (100, 129, 165
al. (1981) were more than 10 off the magnetic eV/q) were sumed over the half hour interval from
equator In three of the four cases Investigated. 18:00 to 18:30 UT. The counts/sample were then

plotted versus pitch angle for the four species 9+
-Copyright 1982 by the American Geophysical Union. e , et, O+ .

Pigure 1 shows the relative counts per sample
Paper number 2L0939. (including background) for U+ and He+ . The data
0094-8276/82/002L-0939$3.00 have been normalized by the maximum counts/sample
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Observation of Ionospheric Source Cone Enhancements at the

Substorm Injection Boundary

J. XI. Quinn

Lockheed Palo Alto Research Laboratory
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R. C. 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

S. observed in energy-time spectrograms of data obtained near geosynchronous orbit,

have been previously explained through the use of an injection boundary model.

This model describes such features in terms of the dispersion signatures of

fresh, hot plasma which Is "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 SCATRA, we

present two events indicating that innermost edge of the injection region is an

especially Important location for the substorm Input of ionospheric ions. The

in tection signatures are Identified by comparison of electron and ion 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 Ions. This feature

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

Submitted to k Geophym. Rm 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 auroral oval, is at times the location of direct onospherIc:4nput into the

trapped, energetic particle population.

K, INTRODUCTION

One of the most commonly observed ion populations in the vicinity 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 Nauk and mcnwain (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 "ripper distri-

bution" because of the appearance of the spin modulated data on a spectrogrmz,

and noted that substorm injection events both increase the intensity of the

source cone ions 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 measureaments with good pitch angle smapling 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

maximum, and long term studies of near 90 degree fluxes with the GEOS spacecraft

(Young, 1982) imply a strong variation in onosperic 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 near the equator are fairly broad (half width approximately 200) and

-2-
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J. W. Woann and 2. G. Shelley
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ABSTRACT other SCATILA instruments are given by Stevens and
Vampola (Ref. 1). A recent review of the SCATHA

Not plasma composition meaurements (E/q-l.l - hot plasm composition results is given in Ref. 2.
32 keV/e), made with the near equatorial SCATHA
spacecraft at geocentric distances of 5.3-7.8 RE' 2. SOURCE CONE IONS

provided the first routine pitch angle distribu-
tions of Ion composition in the vicinity of geosyn- Two frequently observed ion popuiations seen near
chronous orbit. Pronomsnced pitch angle and spec- geosynchronous orbit are the field-aligned ions at
tral differences between ion specie., in addition energies below several kev (termed the "source
to temporal variations within each species, are cone" by Nauk and Hcllwaln, Ref. 3) and the lobs
Indicative of many of the complex source, energi- cone distribution at higher energies. The combin-

:ation, transport, and loss mechanisms at play in atton of these two populations was called a zipper
the magnetosphere. Ion populations of interest distribution by Fennel et al. (Ref. 4) because of
include: I) field aligned ions below several keV its appearance in an energy-time spectrogram. The
which are primarily ionosph~ric; and 2) more composition of these distributions was studied by
energetic tons peaked at 9n pitch angle, and 3) Kaye et al. (Ref. 5) who found that the loy energy,
intense equatorially trapped ions below a few field-aligned population is dominated by 0 and

Shundred eV, w hich are composed primarily of that the higher energy distribution, peaked at 900
,

protons. Ionospheric plsma has been observed to is composed primarily of H +. They concluded that
take part in the substorm Injection vrocess, and the source cone population is most likely Iono-

0 there is evidence of an enhanced ionospheric source spheric in origin and that the high energy
at the inner edge of the injection relion. component Is from the plasma sheet.

Ieywords: Ton Composition, Tonospheric Tons, Figure 1 illustrates some typical composition and
Subtorm TInjection, Equatorially Trapped Ions, pitch angle signatures seen near geosynchronous
Pitch Angle Distributions, Source Cone Tons orbit. The figure contains energy-time anectro-

grams., with inverted energy scales, for H in the
top panel and 0+ below. In order to indicate pitch
angle dependences in a single figure, the data have
been sorted into bins for "field-aligned (00 + 300

1. fl"tODUCFION and 1800 * 300) and "perpendicular" (900 ± 300).

For each half hour interval, the data from these
The SCAWRA spacecraft (P711-2) was placed into am two bins are plotted adjacent to each other. The
elliptical orbit with apogee of 7.P P and perigee interpolatod image thus resembles a spin modulated
of 5.3 in February, 1979. The orbit inclination spectrogram, with the square wave between the H"
is aplrokM matly a

0 
and the period Is somewhat less and O

+ 
data panels indicating the plotting posi-

than 24 hours, resulting in an eastward drift of tions of the two pitch angle bins. The source cone
the groundtrck of 5 /day. The spacecraft spin ions, dominated by 0+, are clearly seen in Figure
period Is nearly one minute, ith the spin axis 1, covering a broad energy range below several kcV,
lying in the orbital plane, perpendicular to the from about 6:00-11:00 UT and following 14:00 UT.
earth-sun line. High energy H

+ 
fluxes, peaked at 900, are apparent

thrutghout most of the Jdv. In addition to Lhe
The Lockheed mass spectrometer on SCATWA makes fairly stable source cone distributions, field
comp"oition measeiriments of Ions in the energy aiJgn d Lrnnslnt hurbL . :' 04 .nd 4' iout havu
range El - 41.1 - 32 keV/e and the mobs range 141q , been observed (Ref. 6).
1-32 AMqYle. The instrument is oriented II" from
the spin awis normal and routinely obtains good 3. IONOSPHERIC INPUT NEAR THE SUBSTOWI
pitch anile coverage, with the look direction often INJECTION BollR'-Y

passing within a few degrees of parallel or anti-
parallel to the magnetic field. Pitch angle Tlm cnhancer.t of the field aligned ionocpheric
t&bbUlkLhU b So 1166h. lFtLIMr detail. of Liis and :umponent in conjunction with substorms was studied

To be pubshed in
Proceedings of the Symposium on the

'Achevements of the 0MS'
1984
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Outer Zone Energetic Electron Spectral Measurements

J.3B. Reaga.0 R. W. Nightangalejt E. E. Gaines,$ and W. L. Imshoff
L"Ocked Palo Alto Resarch Laboratory, Palo Alto. Calif.

and
E. G. Stassinopoulosj

National SOace Science Data Center. Greenbelt. Md.

Delu pe ~ odmaremeumemergd, eheesau m 47sd S1IurkV bmwe been ugh with tMe SC-3
apedwim aboard die M732 (SCATHA) apecaft. Dorse tbe peuiod ji.. 23-Feb. 2. 1979 the spacueewft was
be m higly eliptical orbit. Neemraseestas of the saw vudlathe belt ehetrs. from 3J to.0 FArth rodil were
made seaw the geoinagmeti equator. Spio-over ge lctrso spectra bs M2-2 sirgy ceaseb have ber obt-
blumed. The maguee activity at the dueof the mesaremeuatsas low. but. amedea magale germ (Dv - - 79
7) hud Octt - 10 days earOner Coaparhe.. of the masured radial proffl sad alma,.. spectA with thet
NASA AE-4 =id AEI-7 HI/LO) radiation tedels bave been made. Umder tea esedidern the mesured data arn
bebetter seet withthe AE4 medl thm withs theAEI-711 ID oddalstboati the peat data me mere
betas. abieve 4 NoV thas ther AZ-I medd. Mwe Imact of the measured spectrum e" the donr profile ea-
countered by a synchronous srit amtlte hos bee. enueled. For thde olosdv beum da (-CA 0.m) the don
received Is comparable udugld e ithrte AE-4 or A13.7 me"e or thIM e peta For thicker delds the
breveutrablisog don donbealser the 1 direct al retm e ffects.0

Itoduction provide the long-tam averaes required for mission planning

T HE USAF Space Test Progam P78-2 spacecrft, but am provide a complete radial profile of spectral shape
known as the Spacecaft-Charging-At-High-Altitudes and flux for comparison with the radiation models at this time

(SCATHA) mission, was launched on Jan. 30, 1979 into a in the solar cycle. In the final orbit the opportunity exists to4highly elliptical transfer orbit having an apoigme of 43,183 kmn, analyze an almost continuous data base in the year 1979, and
a perigee of 176 kin, and an inclination of 27.3 deg. The hopefully thereafter, between 5.2 and 3.0 Earth radii, which
spacecraft remained in this orbit until Feb. 2. 1979. at which encompasses the synchronous orbit. When analyzed, these
time an adjustment was initiated to provide the final, nar- data should provide the long-term averages necessary for
synchronous orbit at 7.9 deg inclination with apogee at 43.192 high-altitude spacecraft mission planning. In this firs
kmn, perigee at 27,517 km, and period of 23.597 hours. In- publication of the SC-3 results we confine our analysis to the
dluded in the P78-2 payload complement is a high-energy transfer orbit period.
particle spectrometer known as SC-3. This spectrometer,
which is described in detail in the mission description report,' Experiment Description and Operations
measures energetic electrons between 47 keY and 5100 keV, In the transfer orbit the SC-3 experiment was operated
protons between I and 200 MeY, and alpha particles betwee during real-time acquisition intervals only since the satellite
6 and 60 MeV in several selectable modes of operation. tape recorder was not yet operational. The satellite was also

The P78-2 transfer orbit provided a unique opportunity to spinning at a high rate of 1.04 rev/s as compared to the final
study the entire outer radiation belt region from 3.5 to 1.0 or"t spin tate of 1.0 re/mim. The spon axis of the satellite is
Earth radii distance near the gecomagnetic: equator during this maintained perpendicular to the sun-Earth line such that in a
solar maximum epoch. In particular, the fine resolution and single spin the SC-3 instrument scans through a complete
extended energy range of the spectrometer provides the op- pitch angle distribution. Since the sampling rate of the SC-3
portunity to define the spectrum of the energetic electrons for spectra is twice per second, integration over one-half of the
comparison with existing radiation belt models. These data spin period or 130 deg in pitch angle resulted, while in the
are of significant interest to spacecraft designers and mission finial orbit pitch angle measurements every 3 det are being
planners in that the electrons in the ldeV energy range con- routinely obtained. Because of the limited angular resolution
tribute the dominant radiation dose to satellites operating in and the lack of magnetometer data, only spin-averaged
this region of space.' Long-duration synchronous satellite electron data are reported in this paper. Thle SC-3 experiment
missions are significantly constrained by the shielding that was operated primarily in the electron modes during this
must be included to mitigate the degradation and damaging period although some limited proton data were acquired.
effects of these electrons and their associated bremsstrahlung. When the spectrometer is powere on, automatic operation is
The optimum shielding design of such spacecraft is critically achieved in a hardwited mode. called BACKUP, that
linked to the accuracy to which the very energtic electron measured electrons between 240 and 5073 key in 12
fluence is known over the mission lifetime. Bemause of the quasilogarishmic energy channels. The spectrometer can also
short duration of the transfer orbit, the present data cannot be operated from an internal memory which determines the

_______sensor to be analyzed. the loglic configuration between the
presented as Paper 31060390 at the AIAA Ilkh Aerospace Sciencs several sensors in the solid-state particle telescope, and the

Meeting. Pasadena. Calif.. Jan. 14-16. 1900. submitted Feb. 7, 1980. energy range to be analyzed. The telescope. shown in cross
tri son received Aug. 26. 1980. Copyright ID American Institute orf eto nFg ,cnit fa 0-atiksraebne
Aeronautics and Astronautics. Inc., 1980. All rights resrved, sion deecor Fig tha cnistse o anlz elepthct srnai e -

*Slanaget. Space Sciences Laboratory.siiodeetrD.taisudtonlyelcrnsnth 7
tSenior Scientist, Space Sciences Laboratory. 3W0 keV energy range. Following this detector ks a stack of
titesearch Scientist, Space Scienices Laboratory. ive 2-mm-thick surface-barrier silicon detectors connected in
ITechnical Dlevelopment Lader. Space Sciences L.aborstor). parallel for a total stopping range of I cm. This detector

-. l~srophyleist - --- - - stack, E. is used to analyze electrons between 300 and 5100 .-



ROLE OF ENERGETIC PARTICLES IN CHARGING/DISCHARGING
OF SPACECRAFT DIELECTRICS"

J. B. Reagan, R. W. Nightingale, E. E. Gaines,
R. E. Meyerott, and W. L. Imbof

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 SCATRA.
The calculated ambient dose rates of a few rads/sec throughout the bulk of the
sample are sufficiently high that radiation damage levels can be reached on the
time scale of I year. Surface dose is a factor of 100 higher. Bulk conducti-

0vity profiles have been obtained from the dose rates using empirical relation-
ships available in the literature. The radlation-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. It is
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 radiation-induced bulk conductivity changes were
not important for kapton but may be for teflon. It is further concluded that
surface charging occurred when 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 within 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
at this limit, in conjunction with material properties, will directly determine
the maximum possible surface potential In eclipse conditions. Based on the
measured potential across the SSPH 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 plasma has on the charging/discharging of spacecraft dielectric
materials such as kapton and teflon. It is a well established fact that the
most severe charging of spacecraft operating at high altitudes occurs in the
magnetic midnight-to-dav time sector vhere substorms are highly prevalent and
*

Work performed under OR contract N00014-76-C-0444.
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SPACE CHARGING CURRENTS AND THEIR EFFECTS

ON SPACECRAFT SYSTEMS

J. 5. Reagan. R. I. Neyerott. E. E. Gaines,
R. W. Nightingale, P. C. Filbert. and W. L. Imhof

Space Sciences Laboratory
Lockheed Palo Alto Research Laboratory

Palo Alto, CA

ABSTRACT

The range and limits on the space charging electron
currents available in the near-geosynchronous orbit have
been identified from a large SCATHA satellite data base.
The most intense current densities observed were 0.8
nA/cm 2 at 1 keV and 0.5 pA/cm 2 at 1 NeY. The effects of
these currents on both surface and internal charging of
dielectrics have been modeled. In exposed dielectrics
radiation-induced effects significantly increase the
conductivity within the first few om of the surface,
produce permanent radiation damage, and affect the final
potential of the sample. The calculated electric field
profiles and surface potential of a 127 um Kaptono sample
are found to be consistent with the voltage measured
aboard the SCATHA satellite durin a charging event. The
calculated field strength of 2%101 V/cm 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
breakdown. The electric fields and voltage internal to
both plane-parallel and coaxial geometries containing
a Teflon* dielectric enclosed between two conductors have
also been modeled. Electric field strengths of a few K
105 V/cm and internal potentials of several kV are calcu-
lated for these typical configurations when exposed to the
direct electrons in unusually energetic events. These
field strengths are near minimum breakdown level but the
transient pulses observed on SCATHA may be associated
with the internal redistribution of these high fields
at the times of large and rapid flux changes or at the
times that heavy cosmic-roy tracks locally discharge the
highly charged dielectric.

INTRODUCTION reached. Under sunlight conditions the incident elec-

tron current must exceed the relatively large photo-
craft can at times eaperience charging in the space electron currents (typically a few nA/cm2) that are

" plasma. The key elements in the charging process are leaving the surface before any significant charging will
the intensity and the energy spectrum of the space occur. Thus, daylight charging of spacecraft has been
plasma electrons. %ben the current carried by the in- limited to the few 100 V range based on the maxim
coming magnetospheric electrons that reach a spacecraft available space charging currents in the several to few
surface exceeds the current leaving that surface through 10 keV energy region. The charging currents in space
photoemission. secondary emission, backscattering. and are limited by sagnetospheric wave-particle-interaction
the Incoming magnetospheric proton current, the surface processes that force the precipitation of the electrons
must charge negatively to repel a portion of the in- into the atmosphere when the limiting flux levels are
coting electrons until a current balance condition is exceeded [1).

O~lU9~6 '8'0~(-(.a~o .0 1)937 IIEEE
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ABSTRACT

Many C31 systems rely on satellites in geostationary and other near-earth

orbLis that are largely within the earth's magnetosphere. It has only

recently been observed that the ionosphere plays a major role in determining

the hot plasma environment in which these satellites must operate. Spacecraft

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

optical and thermal control systems are attributal to the interaction of

spacecraft with this ambient hot plasma, and these effects are especially

serious for the newer satellite systems designed to function in orbit for a

decade or longer. Recent energetic ion mass spectrometer observations have

shown that the hot wmgnetospheric pleasm in the energy range from about 100 eV

to about 30 keV contains a large and variable 0+ fraction which is essentially

i@"all of ionospheric origin. The other principal constituent is H which can be

either of ionospheric or solar wind origin. The 0 /H+ ratio of the plasma is

an Important parameter in modelling the spacecraft-plasma interactions to

attempt to predict the magnitude of the above described effects. This report

reviews the mass spectrometer observations by the International Sun Earth

Explorer (ISEE-l) and the Spacecraft Charging at High Altitudes (SCATHA)

satellites and examines the data for various signatures of the plasma sources.

The relative contributions of the ionosphere and the solar wind to the plasma

density are estimated in the altitude range from about 25,000 to 70,000 km on

"the basis of the lou composition. It is found that the Ionosphere is an

important or dominant source during both quiet and storm time conditions.

... .-



CIRoIATIM or UUTCc RUMS or IE3ZSTiaL 061013s Ili 1 NACUKm~fKR

3. 0. ower.

Space Sciences Laboratory, Iackheed Palo Alto Research Laboratory
3251 Nanover $treat, Palo Alto, California 94304

- ABSTRACT

fnergetic Ion composition measuremnts have sow been performed from earth orbiting ateal-
lite@ for more than a decade. A arly as 1972 we knew that energetic (key) ions of terres-
trial origin represented a mo-ngligible component of the storm time ring current. We have
now assembled a significant body of knowledge concerning energetic ton composition through-
out much of the earth's nagnetoephere. We know that terrestrial ions are a common component
of the hat equatorial maosmtoopberic plasm In the ring current and the plesma sheet our to
S3. 1,. During periods of enhanced gomagnetic activity this component ay become ~Omi-
ant. Thre Is also clear evidence that the terrestrial component (specifically 0 ) to

strongly dependent on solar cycle. Terrestrial Ion source. transport, and acceleration re-
gtions have been identified In rhe polar aurora! region, over the polar cas. in the muglne-
tosrheric boundary layers, and within the magnatotail lobes and plasma sheer boundary layer.
Combining our present knowledge of these various wagnaeohric ion populations, It is con-
cluded that the primary terrestrial mom circulation pattern associated with enhanced geomag-
netic activity Involves direct injection from the surural ion acceleration region into the
plasma sheer bounidary layer aad central plansa sheat. The observed terrestrial component of
the maeospheric bowndary layer ad magnetotail lobes are Inadequate to provide the
required Influx. They my, however, contribute significantly to the usasteence of the

a pleas" sheet terrestrial too population, particularly during periods of reduced geomagnoti
a ctivity. It Is further concluded Oon the basis of the relative energy distributions of N
and 0 is the plawsa sheet, that 0 probably contributes significantly to the ring current
population at energies Inaccessible to present ion composition Instrumentation Q~ 30 kay).

RINTYDUC7100

The fact that ions of terrestrial origin might represent a non-negligIble component of the* hot saletospheric plasmas was first reported moe@ than a decade ago /I/. these early hot
plasm composition measurments were acquired from a low altitude polar orbiting satellite
and were sensitive only Io the precipitating component of the ion distributions. While pre-
cipitating heavy ions (0 ). Inferred to be of terrestrial origin, were unambiguously Identi-
fied in association with beth magnetic stoma 12.3/ and substorms M4. specific knowledge of
source locations, acceleration procese, sod circulation patterns were locking.

A terrestrial Ion outflow in the form of the polar wind was predicted /5/, and observed /M/
but this outflow suffered to two ways as the potential source of the observed precipitating
energetic lons. first, this classical polar Tind differed in composition from the observe~
.nerg~tic ions. It ws dominated by H and He while the energetic ions were dominated by 11
end 0 . Second, the polar wind ion temperature was expected to be only of the order of eV;
thus, the higher (several keV) temperature of the precipitating ions could not have been
achieved through simple adiabatic heating of thinsaource through the convection process.
Additional acceleration or heating would be required. The first direct observation of
energetic, terrestrial Son qptflow 4aa provided by the eccentric polar orbiting 63-3 sael-
lite. which detected ke U ad 0 fons flowing outward along sutural field lines /M.
Further adiabatic energisation of ions Injected into the plasm shet at these energies
.could easily account for the energy of the iose observed to be precipitating at lower
latitudes during magnetic stoa.

Starting in the late, 1970a several spacecraft (0105-1, 0103-2, 1312-1. SCAThA) carrying
energetic ion moss spectrometer@ were launched latesnear equatorial orbits providing ion
composition data from a few k, (earth radii) to 23 3,* Ions of terrestrial origin were
found to be an importat eaor 1tuent of moat hat plsa regime within the magnetoepbere,
including the storm time ring current I-lthe quiet time ring current /12.13/. the
plasma sheet boundary layer 1141 and the magnetetail lobes /15.16/. Terrestrial ion were
also detected in the low latitude mognoespheric boundary layer /14.17/. Ion compositionmeasurements from the highly ecentric high latitude FuOcuoZ-7 spacecraft have se--w that

Plesentd at toe
Topical Meetng of OMAR ISMD on the
Plasm Circulation in fte MagnetOer

To be published In
Advances In Space RearOch. 1984
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Mass Composition of Substorm-Related Energetic Ion Dispersion Events

R. J. STirANGEWAY AND R. G. JOHNSON

Lockheed Palo Alto Research Laboratory, Palo Alto. California 9304

The Lockheed in mass spectrometer flown onboard the SCATHA (P79-2) spacecraft as used to
-- study the ms composition of two ion ospersion events. The energy-dispersed ions ar observed over

the full energy range of the instrument (0.1-32 keV/q) in the noon-dusk local time sector. On one of the
days. March 22 (day III 1979. the dispersing ions are first observed following an isolated substori. A
long period of low magnetic activity is present prior to the substorm on this day, and a decrease in Dst
is observed following the first observation of the dispersing ions. On the second day studied. June 7
(day 15). 1979, the correlation between pound magnetic activity and initial observation of dispersing
ions is not so clear, since the dispersion follows a period of high magnetic activity. Both dispersion
events folow a marked reduction in the preexisting near-geosynchronous plasma near the noon sector.
The mass composition shows that although there ae similarities in the dispersion for both protons and
oxygen, there are also distinct 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 cmposition changes are attributed to localized injection of ionospheric plasma in the dusk-
midnight sector, with proton-rich plasma sheet ion, convecring past the rpacecraft from larger radial
distances. By using the ability to scan in pitch angle, it is noted that there are both pitch angle and maiis
dependences to the arrival times of the dispersing ions. Protons at 30' pitch angles arrive at the
spacecraft before oxygen ions at the same pitch angle.

1. INToDUCTION (P78-2). From their analysis, they proposed that at the time

A well-known substorm-related signature at near geosyn- of substorm onset an 'injection front' of energetic particles
chronous altitudes in the equatorial magnetosphere is ener- propagates earthward from the plasma sheet. The passage of
getic particle injection. DeForest and Mclbuain (1971] re- the injection front over the spacecraft is marked by a near
ported observations of dispersing 'plasma clouds' for dispersionless increase in particle fluxes. The injection front
energies <50 keV from particle measurements on the ATS 5 is accompanied by a compression wave. and this wave has
particle spacecraft. The times at which the plasma clouds the tendency to steepen gradients in the plasma as the
were detected were weU correlated with substorm activity injection front propagates inward, resulting in a sharp inner

on the ground. Mcilwain (1972, 19741 attributed the plasma boundary. Moore et al. conclude that the Mauk and Mcll-
clouds to electric and magnetic field drifts bringing particles wain injection boundary 'is not the site of dynamic injections
sunward from the nightside magnetosphere. The data were but does mark the approximate inner limit of substorm
used to develop a convection electric field and magnetic field activity.' Their conclusion was supported by the fact that the
model, which was used to trace drifting particle trajectories injection fronts were observed tailward (that is at larger
backwards in time to a source location that was close to the radial distance and later in local tirt f the Mauk and
*Mauk and Mcllwain (1974j injection boundary. The Mauk Mcilwain injection boundary.

and Mcllwain injection boundary was also determined by Thus far, only two preliminary reports have been made on
using ATS 5 data. the position of the boundary being given observations of the mass composition of ion dispersion
by the local time at which the low-energy (< 100 eV) part of events [Balsiger et al.. 1982; Johnson et at.. 19821. In this
the dispersing plasma was first encountered. paper we investigate mass dependent characteristics in two

Besides the expc-imental observations there is a large ion dispersion events as observed at the SCATHA orbit by
body of theoretical work concerning convection and drifts using the Lockheed ion mass spectrometer. We shall show

(see, for example, Chen (1970], Stern [19751, Kivelson and that the dispersion events are associated with substorm.
Southwood (19751, iiri (1978). and Kaye and Kivelson activity, and that, as is expected. the dispersing ions origi-

[19791). Akasofu [19771 gives a review of experimental and nated in the dusk-midnight sector near the time of substorm
theoretical studies of tagnetospheric convection. Arising onset. Since the mass spectrometer can discriminate be-from these and other studies, one viewpoint is that the tween protons and oxygen. we can begin to address the

dispersing ions (and electrons) are a result of modifications question of the source of the dispersmg plasma That the
to the magnetospheric convection system. producing a oxygen signature has differences from the proton signature
movement to lower altitude of plasma sheet particles. The may have implicatins on the model proposed by Moore et
Mauk and Mcllwain ujection boundary is often taken to al. We show that a local injection of ionosphenc plasma near
mak the location of the inected particles at the time of the time of substorm onset can explain some of the signa-
sibstorm onset. tures in the energetic ion spectra for different masses

Moore el al. (1961) have investigated several substorm-
related injections by using data from ATS 6 and SCATHA 2. INSTRUMENTATION AND DATA AcQuISITION

The data presented in the next section were acquired b)
Copyright 193 by the mercan Geophysical Uwon. using the Lockheed ion mass spectrometer flown onboard

Paper number 2A1356. the SCATHA (P78-2) spacecraft. A more detailed descnp-
014g-022/7g3/02A-185605.00 tion of the instrum' it and orbital parameters is given b)

2057
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ON THE INJECTION BOUNDARY MODEL AND DISPERSING ION
SIGNATURES AT NEAR-GEOSYNCHRONOUS ALTITUDES

R. J. Strangeway and R. G. Johnson

Lockheed Palo Alto Research Laboratory. Palo Alto. California 94304

Atrsc. A simple particle drift model is used to investigate the spatial characteristics of the evolving ion energy distributions easier
apiR cability of the injection boundary concept to the ion dispersion to envision and facilitates the comparison of the model results with
event observed on March 22 (day 81), 1979. The model consists of a energy-time spectrograms of the eaperimental data. The results from
dipole magnetic field with a uniform cross-tail electric field plus a a simplified injection boundary model are compared with the ion dis-
arotation field. A full spectrum of panicles from tV0eV to 32 key is persion event observed on 22 March (day SI) 1979 This event has S
imjcted at the KP - 6- Mauk and Mclilwain injection boundary at been analyzed and discussed by Strangeway and Johnson (1983], but
the time of substorm onset on this day (1100 UT). A new approach is no detailed model comparisons were made v. e have chosen to fur-
presented for displaying the model-produced ion drift trajectories to ther analyze this event since 22 March 1979 is a day which has been
make the large scale spatial characteristics of the evolving energy dis- the subject of a major research effort arising from the Sixth Coordi-
tributions easier to envision and to facilitate the comparison of the nated Data Analysis Workshop tCDAW-6). The data presented in
model results with experimental observations. The resultant predic- this letter were acquired from the Lockheed mass spectrometer flown
tion for the dispersion signature is compared with Scatha mass spec- on board the near geosynchronous Scatha spacecraft. The ion mea-
trometer measurements, and a 2.0 kV/R, cross-tail conection elec- suremeni% cover the energy range from 0 I to 32 ke\ in 24 enere,
tic field is found to gise a good fit to the obsersed dispersion steps, and only proton and oxygen data are discussed here For a
signature. It is determined that for this particular event, injection more detailed description of the mass spectrometer characteristics
only at that portion of the injection boundary close to 1800 local time and of the Scatha spacecraft orbit IL a 5-8). see Kase et al [198l
is required to produce the dispersion curve.

Introduction Dispersion Model

A ver, simple model for the drift path calculaton has beenrlu,;hweorkohasued. The basic formulae used hae been gien b% Cher
tion and the associated particle signatures. Chen 119701 and Cowle% 11970ie. The band fo-ra used h 6. To sum h i.and Ashour-Abdalla 11976]. amongst others, have calculated drift ira- [19 0O and Cowle and Ashour-Abaalla {]976. To summarize.eories forions in the earth's magnetosphere. Fromseady-state drift we use a dipole magnetic field model, with a uniform cross-tadjectrieforonsitheart'smanetsphre. rom~eay-sttedtfi elec:ric field plus a corotation elecir;. field. \0 correciions due

analyses such as these, proton nose events (Smith and Hoffman 119741) to sield or agneti el iortieh. bee n ue
hase been explained as a consequence of drift trajectors morphologs. to shieldin or magnetic field distortion ha e been tmcluded I

On tne other hand DeFores: and Mcllssain 119711have reported obser the model calculations Ae trace drift paths torard m time* an ensemble of ions starting at 128 locaions on thr MauL anz p
vations ot dispersing particle signatures at geoshnchronous altitude Mcllain injection boundar for Kr, l 6-. The boundar n was
assiociated %%ith substorms. These signatures are usually considered to tca etion00oanda (or LT. This bounda % w h s

beassociated with impulsive changes in the magnetosphere. Asaconse- truncated at IBM and 2400 LT. This boundar, was chosen sice

quence the substorm-related injection boundary model as first formu- K., was equal to 6- at 1055 UT on March 22. 1979 when a sub-
storm occurred (Strangeway and Johnson 119831). At each partic-Ited by Maul andMcsin d1974hasfrequentybeen usedsasta. ular location the drift paths for 96 different energ) particles are

i point when discussin dispersion signatures. traced. The energies are equally spaced on a logarithmic scale
There is still some controversy concerning the natlure and possible from 100 eV' to 32 keV. which is the energ \ range of the

existence of the injection boundary. For example. Kaye and Kivelson ia srome. Forch picueeni unde con h

119791 hase modeled substorm-related particle signatures using erath wasecalculterFt partur 0 n e uator chn-
steady state convection boundaries in their initial conditions. These eration we hae calculated dnft paths for 90 equatorial pitch an-

boundaries have a radial dependence as a function of energy, whereas ive panicles o should be noted that e have assumed an impu -

the injection boundary implies a co-located source for all energies, sive inecton of padino adiiionarticles conicident with the

Taking elements from both these models. Moore ei I. 119811 argued substorm onset and no auditionai Particles are inclded i the

that the injection boundary marks the innermost excursion of a sub- model subsequent to this time.

storm related shock front which is propagating from the plasma sheet Figure I shows the results of the drift path calculation with 2.0 kV
to lower L-shells. Stranfeway and Johnson 119831 have suggested. R, cross-tail consection field. There is a :arge amount ot inlormation p
front mass composit ion data, that there may be enhanced ionospheric shossn in this figure. Firstly the figure consists of 16 panels, each of

which contains a snap-shot of the particle positions at a particularp la sm a in jected in to th e m a # n e to sp h ere n ea r th e in j cio n bo u n d a r s, t m .t e t m s a e g v n i h p p r r g t h n o n r o a h p n l
Their conclusion is not definitive, in that mass dependent radial time, the times are liven in the upper right hand corner of each panel.
gradients in the plasma sheet may alone be responsible for the com- staing at 1100 UT (near the time of substorm The ons oniarch fi2.

position differences obsersed in the dispersing ion ignatures. Neser- 1979). until 1445 UT at 15 minute tnter\all The conection feld

thcletonerra, %rsc- ilate thai an inward propagating shock fron, uill strength is rinin ihe upper left hand corner oieach panel. A nominal
perturb the ionosphere. possibl% through field-aligned currents, and magnetopausc location is given h\ the ,ello curse to the left of each
so result in enhanced deposiion of ionospheric plasma into the panel. with the half illuminated circle giing the location o the earth
magnesospnere. The small cross-hair indicates the Scatha spacecraft location as deter-

mined from the ephemeris information for March 2-2 tda\ 8]1). 19' 9.
In this letter we present some initial results of an insestilation into

the usefulness of an intention boundar\ model for producing the ion projected into L and local time ILT). As the cross-hair encounters the
energy-time dipersion signatures obsersed near geosynchronous alu- dritting tons. the color changes, so that the spacecralt location is al-
tudes In addition, we present a new approach for displaying the ways gisen in complementar color as shown, for example. in the first
model-produced ion drift trajectories Ahich makes the large scale panel, secondrow. Inthesamepanelsomesmallwhitedoisarepresent

on the lower energy edge (blue) of the drifting plasma cloud These p
dots mark the location on the original injection boundar\ of the ion%

Copyright 1983 by the American Geophysical Union. uhich areat the Satha spacecraft location at this time Inaddition.ksse
also build up a pseudo-spectrogram in the box in the lower right-hand

Paver number 3L0706. side of each panel The color coding ot the disperion signaturc ihu,
0094-d270v,83/00JL-0706503.00 produced is not a flu\ lesel. but is onl) gs en or rc.lerence to the color
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Energetic Ion Mass Composition as Observed at Near-Geosynchronous and
Low Altitudes During the Storm Period of February 21 and 22, 1979

R. J. STRtANGEWAY' AND R. G. JOHNSON 2

Lockheed Palo .4o Reseadr Laboratory. Palo Alto, Californa

Mass composition data acquired during the storm period of February 21 and 22. 1979. are ptseted
and analyzed. The data were obtained- from the near-geosynchronous SCATHA spacecraft and the
polar-orbiting S3-3 spacecraft at altitudes below MW00 km. The data from both spacecraft show that
sigificani amounts of ionospheric plasma were observed to be injected around the main phase of the
two storms on February 21. 1979. At geosynchronous altitudes the increase in ionospheric plasma was
found to be signifcant ii both number density and energy density. Moreover, multiple dispersonlike
signatures in the particle spectrograms were observed durng the second storm, indicating that this
plasma was recently injected into the magnetosphere. At lower altitudes the 53-3 data also showed
significant enhancements of ionospheric plasma, as determined from number density data. It was found
that the density enhancement in the plasma 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 to be responsible for this signature. We hence
sammarie some of the sampler convection theory, specifically addressing the dependence of the bound-
aries between drift regimes as a function of L hell. To do this, a steady state convecuon model has been
employed, but we assume that this "aady state- only applies during the recovery phase of the storm.
Since we consider shielding to be important only later in the recovery phas it a further assumed that
the crostail lectric field is unorm. On comparing the data with the convection boundaries we find
that we can usually choose a cross-tail electric field strength which models the particle signatures quite
closely The major feature present in the particle spectra is an energy.dependent minimum which, we
presume, marks those ions that either have been lost or drift to slowly that they are not observed at the
spacecraft. As a consequence of the comparison of the S3-3 particle hipaturts with the predicted
convection boundaries, we find that the apparent movement to lower L shells of the density enhancement
during the recovery phase is due to time of flight effects on a low-energy plasma popilation at these L
shells (below L - 4) Time of flight also impies that these ions were in the morning local time sector at
the time of the main phase of the storms. At the same ume that these low-energy ions drifing eastward

&1 * am observed, large numbers of ions convecting westward arm also seen. This plasma population contains
a large amount of ionospheric plasma Furthermore, the ionospheric plasma as labeled by singly charged
oxygen appears to have been injected over qute a large range in local time during the first storm.
However. the proton signatures umply that most of the protons observed at the higher L shells were
confined to the nightside sector during the main phase of the storm. While there ar many similar
features associated with the second storm in the S3-3 data, the oxygen ions display a signature consistent
with injecuo only in the naightside mapetosphere. This is in apement with the SCATHA observations
where the particle spectra show multiple dispernon signatures.

I. IN1toDuCnoN netosphere during storm times. Presumably, the increase in

During times of high magnetic activity, significant changes the ring current signature as observed at the ground is du? to
are known to occur within the earth's magnetosphere. Speciti- both these processes occurring at the same time; that is, en-
cally, the ring current particle population is known to be mod- hanced inward convection of the preexisting trapped popu-
ified at these times as shown by the Ds! index and by direct lation together with an overall increase in the particle popu-
measurements of the energetic particle populations. It has lation due to injection. Although the relative contribution of
been argued by Lyons and Willims [ 1980] that the increase in the two processes to the storm time ring curent remains to be
the ring current population at storm times can be explained determined quantitatively, Johnson [1981) and Johnson et al.
by inward convection of the preexisting plasma population. [1983] have argued that in some storms the ionospheric com-
Mass composition data, however [Johnson et al., 1977; Balsi- ponent will be an important contributor to the ring current
mr, 1981; Johnson, 1981; Letnatsson eta., 1981; Huhdqva, energy density because of the buildup of the ionospheric com-
1982; Lamdin et al, 1982a; Yong et a., 19821, indicate that ponent in the hot plasma population prior to the main ring
there is a change in the composition of the lower-energy (< 17 current injection process.
keV/q) ring current population during times of increased geo- Mass composition data are a useful indicator in assessing
magnetic activity, and it has been deduced that there is an the relative significance of both processes. Unfortunately, most
anhaned injection of ionospheric plasma into the mg- storm time mass composition data is restricted either to the

lower-energy component of the ring current, typically less
than 17 keV/q, or to energies of the order of I MeV [e.g.

Now at Institute of ophysics and Planetary Pbysms, Uivesity Spjeldk and Fritz, 1981a, b]. Nevertbeleas much can be
California. Los Angeles. learned concerning the effects of injection and convection on
' Now at Office of Soence and Technology Policy. Executie Otice the magnetospheric ion population using such data. Strange-

of the Piaddmat, Washnton, D C way and Johnson [1983). for example, have investigated the

Copyright 1914 by the Amerion Geophysieal Uio. mass composition of ion dispersion events as observed at the
Paper number 4A0918. near-geosynchronous SCATHA spacecraft orbit. It was found
01498 S/84/004A-0918 5.00 that the dispersing ions showed features within the compo-
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