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LOS AMMOS ENEROETIC PARTICLE SENSOR SYSTENS AT GEOSTATIONARYORBIT

D. N. Bakar, W. Aiallo, J. R. Acbridgo, R. D. Balian, P. R. Higbia,
R. U. Uabomadal, J. C. Larou, ●nd E. R. Tech

Univcraity of California, Loo tiamoa Nscioml Laboratory
Los tiamoo, NOWHomice 87563

Abat:act—. —

Th@ Um ti~~08 National Lahratory has
providad ●nargetic particla mmoro for a variaty
of opacccrsft ●t tha geoocationary orbit (36,000 b
altituda). T%a ●onaor ayaton called tha Charg,d
Particla Analyaar (CPA) conaiata of four aoparatm
●ubtystamm. Iha LoE ●nd EIC ●ubayatcma ●caaura
●laccronc in tho ●nargy rmgca 30-300 ksV ●nd
200-2000 koV , rospactivaly. Tha LoP ●nd HiP
cuboymcoma ●oaaura Iono in tho rangsa 100-600 kov
and 0.4-150 WV, raapactivaly. A saparata sonoor
ayatam callad tha apoctromctar for ●nargatic
●lactrona (SEE) maamuraa vary high-anargy ●lactrona
(2-15 I’W) uning ●dvancad acinclllacor daolgn. In
thio papar Wa doacrf.ba tha relationship of
operational ●nomalioa and apacocrafc upmta to cha
dirtctly mtaaurad ●ntrgocic parciclo tnvironmantc
at 606 RE. W ●lao comparo ●nd contraac tho CPA
and SEC instrumanc dacign characcarictlca with cho
naxt generation of Ma Alamoa inocrumontc to h
flown ● t gooatstionary ●ltitudaa.

Introduction—

Spacecraft oparating, within tha carth”a
magnatoaphar~ ganarally ara ●ubjactod to ● hoacilo
●nvtronmant dua to chargad particla radiation. A9

‘1, thlo ❑ay baracantly raviawa~ dua to Van Allan
radi~tion bait particlom or gtlactic coomlc rays,
both of thaaa radiation compormnta baing ralativoly
con-cant with timm ● t ● giwn location of upace.
Much mors variabl- radiation ●ffoctt occur dua to
●olar coamlc ray (molar flara ion) avonta, vary
●nargatic ●lcctrono, ●nd ❑cgnatoaplxric submtorma.
Tha#s tima-variablm components Lntroduco ● highly
fluctuating backgrntind i-to many subayatsma onboard

mpac~craft in tha ●arth”a outar
~agn~:~:~hara (z 3 RE). It, therafora, haa provan
important - indaad, nocaamary - to moniror such
background varimtiona in situ aboard gtoatationary——
orbit spacecraft.

A fur-bar problom with particlg radiation in
thm outar magnetosphere is thm occurronca of
apacacraft operational ,nonalitc knd UPBOCBdua to
cho ptaaanca of onargatic particlto, This is a
problam ondamic in the outar magnatosphara,
●ffacting ❑oot tpacacraft ● t lcamt to ooma dmgroa,
and r~quirac ● continual monitoring of ronditionm
in cpaco. From such monitoring onc ❑ay rapidly
●valuata whathtr ● opacocrmfc hat had ● problam
ralatod to ●nvironmantal condltiona, or ●a a raoult
somo othar sort of cauoa,

In thla papar w will roviow tha proaant
garmration of Loo Alamo@ ●norgctic particlo aanaora
baing flown at gcootstlonary orbit, u, will
provida g~nsral hardware dtacriptionc ao wtll ●a
damonotrationa of aomc of tho data analy~ia raaulta
obtainad from tha tnotrumontation. In th~ latt~r
part of tha papar ua will da~criba tha naRt

ganaration of partlcla lnatruments praoantly undar
dovclopmant ●nd tact. Ut vill ahoh the potential
valua of thaoa mw canoor syatmm and wa will

d~ncriba tha bmn~fita of ● propoaad raal-ciwa data
my-tam to ●nalyaa ●nd display morti promptly tha
●vailabla gaoatmtionary orbit psrticla data.

Praaont Ma Alamoa Instruaanto ● t 6.6 RC—— ——
Tho CPA Datcccor Syatom———

ThG Chargad-Particla Analyzar (CPA) is nna ot
● ●arias of Lnstrumantc davalfi-+ ‘. ~... +
National Laboratory for ●cvcral “ ,. ,
Tho Inotrumant conaiato of r ,.B or
datoctors; ●ach dotactor la dot~~r,~~ l-. . #pacific
●nargy ranga ●nd particla apacita and uaan ona or
moro ●omiconduecor dotactorc ●m its sannor
●lcmonta. Tha baaie ●ccumulation tima for a givan
●norgy channal ta 8 ● a. Tha dsca oaquanco repaata
cvary 256 ma; thuo for ● nominal 10-a ●pacocraft
rccation period each margy lawl fc ●ach aannor
ia ●amplad 60 tlmoa.

Slactron fluaoa ● rc mcanurad by two diffarant
dotoccora! tho I& ●nd HIE unit- for th~ low- ●nd
high-anargy rangaa, roapcc:ivaly (coo Fig. 1). Tho
LoC dotoctor conslaca of fiva aaparata alamants.
Each ●lcmanc haa ● ainglo ●~nrar with ● collimating
●portur~ having s half ●nglo of -2,6° and ●

gaomatrlcal factor of 3.6 M 10-3 cm2 ar. lho viaw
●ngloo of ths ●ltmants ● ro 0°, i30°, ●nd i60° CO

tha opacacraft ●quatorial plans ●nd rhua ● larg~
fraction of the 4W unit apharo 18 ●amplod by th.
LoE d~taccor during ●ach opacacraft rotation. Tho
nominal ●nargy lavala ● ra 30, 45, 63, 95, 140, ●nd
200 kd with ●n uppar.anorgy cutoff of 300 kaV.
Th@ HiC datactor meant only in the ●pacacrafc
●quatorial plana ●nd conliats of ● collimator-
sansor combination having ● half ngl of 3,7° ●nd
a gaomacric factor of 1.8 n 10-! cm! ar. Nominal
HiE thraahold lavala ● r~ 0.2, 0.3, 0.4, 0.6, 0,9,
and 1.4 HaV with an uppar-ancrgy cutoff ● t 2.0 Hav
(MO Tabla 1).

The LoP and HIP protoii datactoro (Fig. 2) ●lso
ocan in tha apacccraft equatorial plana~ each ham
art ●cciva guard ocintillator ●nd a awaoping ❑agnat
to Qliminaca contamination from ●loctrono balow
-1 H-V. Tha LiP u-am thraa aancera in ● ca!oacopa
Conficdration to cover ths ●nar~y ranga 0,4-150 HaV
with aixtaan diffarantial cnorgy channalo, Tha
nominal HIP ●rmrgy thraoholdc ● rt O.L, 0,~, 0,6,
0.0, 1.0, 1.3, 1.7, 2.7, 4.7, 9.0, 13, 25, 38, 30,
78, and 108 Ilav. (150 HaV io the upper-~norgy
cutotf.) Xc ohould ba pointad out that thars la
varianca in thm HiP anmrgy thrachold for cha
dattccorc in orbit. Ths ●xact thraahold for ths
LoP inatrumant ●lao vary for dlffaront ~natrum~ntc
in tht CPA aartca.

Aa can bc oaan in Fig. 2, tht low-anargy
proton manaor conalots of ● aingla thin (40 U)
oilicon datactor (61) ourroundad by magnaaium
chialding. A plattic ●cintillator dttoctor (02)
aarvaa as an anticoincidanc~ clamant to ●lialnata
panatratin~ particlta that ●ntar thrtm~h tha
collim~tor ●parturo ao wall ●a charcad partlclta
that cntar through tlw rear of ths datsctor, Tho
auaaping ma~not oarvao to aliminata ●lactronm with
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Figura I. Tho uppar por:ion of tht figure mhows
chd low-oncrgy alactron (LoE) dotoccor portion of
Chc CPA inclufiine ov@rmll ●rrangement o! cht five
●cnsors and cru08 -:cctional viawa of tha 130° and
tha O“ alamtncn. Thu lowar portion of tha Iigura
ahowa a croso-moction of hi~h-onargy (HIE) sloctron
dcttctor.

Ila C S00 k*V, A light-tight nickal window la
intarposcd batw~on th~ ●gnat ●nd S1 in coma
●nrliar docactors whar-as lattr modois ucad wworm
vith additional thicknaco to tha ●lumil!ua contact

to ●ffact tho 11 ht-tightrmaa. Thm ●ff@ctivo ● raa
1of 61 la 0.5 cm , ●nd tha collimation aperture has

an opanlng half ●ngla of -2.5°. Th@ ramu~tlng
goomatric factor for tha ●on-or it 3.9 m 10-- cm
● r ovor tho proton dotactian enargy ranga
kaV .

1OCI-6OO

Tha It.gh-ancrgy proton talaacopo showm in
?1s. 2 conalats of thma solid atata datactors (Dl,
D2 , ●nd D3) surrounded by ● plaotic acintillacor
anticoincidanca cup (D4). D1 la ● 45-u Surfaco
bmrriar silicon dacoctor with •]~ ●ffactivo ● raa of
1.0 Cmz. D2 1. ● 3-m-thick lithium driftad
dotaccor with ●n araa of 2.3 Cmz. D3 is ●gain ●

surfaca barriar datactor with ● thicknana of 500 u
and ●n ●ffactiw araa of 2.5 cn2.

Tha aluminized mylar window (-600 ug/cm2
●luminum ●quivalant thickness) kacpc light frcm
striking tha datactor stack, whilo tha ●wmaplng
maSnac is dasignsd to pr>vont alactronn with
E < 1.6 H@J from roaching tht caloacopo sonaors.
T8Q thraahold of D4 la such that ●ll chsrgsd
particloo (not ●ntaring through tha front ●partura)
with ●nargy doposiciona ● t or abovo that of ●

minimum ionizing psrticla ● ra rojaccod. Tha braaa
collimation dafinaa ● n ● ncranco ●partura for tha
tolascop~ of -6.5° half ●ngla.

In th high-anorgy ~scopo, proton dttaction
●vsnts fulfilling the DID2D4 logic raquiram~nc lia
in cho ●n~rgy range 0,4 < E < 2.2 MN with 8
gcomatric factor ofJ4 M I(I ‘=cm2 8r. Evanca
fulfilling tho D1D203D4 logic raquiramant 11. in
tha ●nargy ran~t 2.7 ( E < 22 M-V, Ths

!factor for D1D2 ●vonta a ●gnin 4.4 M 10
-y:;t;;:

Parriclaa which pcnatrato D2 and ● rt cubaaquontly
countad by D3 110 in tha ●norgy rnngo
-25 C Cp < 130 HaV. Tha gaomatric f~ctor for thtsa
protons la -8 R 10-2 cma cr. Protonm with ●nargimo
graatar than 150 HoV pantcraca tho chick tungatan
●bnorbar (aao Fig. 2) and hanca aro raj~ccad by tha
D4 ●ntlcoincidanc~ condition.

Tha apacacraft rotataa with ● spin pariod of
-lo m ●bout ●n arrim which it pointad continuously
toward tho ccncar of :ha sarth by ●n ●ctivs control
cyttam. Both tho low-anargy ●nd cht high-cnsrgy
proton dctactoro point radially wtuard in ths
spacecraft ●quatorial plana, -O that proton
msasurcmanta ara mada in ● narrow solid ●ngla band
in ● plarm spproximr.taly perpendicular to tha
●cliptic, In the ●na,ntially dipolar magnatic
fiald which oftan smistc ●t 6.6 R tho CPA proton

fdatcctoro ocan naarly all pitch ang ● c durin~ ona
rotation. In th~ highly iittortad taillika fialds
oftmn ●ncountsrsd on tha nightaidt of t ha
magnotomphara, vsry Iimitad pitch angla scano ❑ay
raoult,

Ths thraa-dim~nsional dita from tha LoE
dataccor sra ●naly~ad by mmkins ● laaat aquaraa fit
to tha oboarvod flurras uming th 200 pointo
obtainad from ● •in~la ●fiargy loval during a
mpacacraft rotation. Spharical harmonic functiono
ara ut~d for thic fit and, ●lthough thsy src not
●ig9nfunctiono for slactron dittributiona in tha
malnotosphara, thaaa functiono h~va uacful
prnpcrti~s which mimplify tho analyais, The
maroth-, first-, accond-, and fourth-ordtr
hsrmonica ara aomputtd, but the oocond-erdar
oo9ponan:s aro th, ●oat co-only ucod, Einca tht
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Tabl~ 1. Charged Partlcla Anmlyc@r (CPA) Charactorictica

.—

Parcicla O I Ermrgy
Scnoor Spmcias ToleocopGo Enargy km~~ Channels Geomatric Factor—.

LoE Eloctrone 5 30-300 kaV 6 3.6 x 10-3cm20r
HiE Electrons 1 0.2-2 nov 6 ].8 ● 10-2
LOP Iomm 1 100-600 kd 10 3.9 a 10-3
Ule [on- 1 0.4-1s0 H9V It 4.4 x 1O-2*

*g . 8 M 10-2 Cmz-cr ahvs 22 fW.

—— .—

cpacacratt doss not havm ●n on-board magnatomeca:,
cha ●ymmcry ●xis of tha sacond- or fourth-ordar
fito is ucad to ordar the dats ●nd is idcncifiad
with cho magnetic field dirocclon. Implicit in
this idantificacion ● rt the ●snumpcions that che
spacecraft 10 on ● closod field lina ●nd that the
distribution changem slowly comparad with the
spacecraft rocacio~ period. Gradient ●nd
convection ●fftccs would bc rafleccad in cha odd
order Carmm. Tha pair (82, $2) commonly ueadl
corrtoponda to tho diraction of tha spmatry ●xit
of the sacond ordor fit to tho diotribu:ion in HVO
coordinatro. In this system H 10 psrallcl co tha
dipolm axis, D pointc ●aatward, ●nd V 1-
●pproxlrnataly radially outwarda, Thi@ symtaw ic
also csllad “dipola maridian.” 92 is tha
colmtitud~ with raspmct to tha Ii ●rtia, and $2 io
tha azimuth ■aasurad Crom tha negativa V ●tia. C2
la the ●mplitude of tha symmtrlzed aacond harmonic
componant. C>cl

$
indicataa a ‘cigar-ahapad.

distribution (m nimum flux mt -90°) and C2 < 0
indicatas ● ‘pancake-shapad” distribution (maximum
flux ●t 900). Eithar of thama brc.ad catagoriaa can
alao show “buttarfly’ characterlstica (1.Q,, two
secondary flux maxima). A mora datmlled ●xpoa:
of this cachniquc is given in hf. 3.

Tha SEC Oacector Syncam.——

IJnaxplained anomaliaa occurring in
olactronica ●board a numbar of operat

tion

tha
onal

apacacraft ●t oynchron~ua alticuda pr~tipitatad a
raconaidaration of the modal rapreaal]ting ths
trapp~d radiation anvironmant, In 1977 tha
Aarospac@ Corporation proposed a n9w modal,
danignatad AE-7, of tha ●lactron ●nvironm~nt ●t
synchronous altitudck, Thlo modol predicts a hign-
anargy contribution much ●nhancad ovar tha
than-currant NASA ●nvlronmant modmll, Although tha
AE-7 modal waa baaad upon dttm frcm tha ATS and
OVI-19 satellicea, thm population of ●lactrorrn with
gnargiea graatar than I flaV had not bean mdtquntaly
charactorlc~d. Thasa anmrgacic ●lactrons ● ra very
panotrating and, thus, vary difficult to mhiald
against. In ordar to bottar dafina tha popuiationn
of ●lcctrona et th~aa high ●nargias mnd thrlr
variation ovar long parioda of timt, a projact was
undartakon to provida an alactron apectromatar
which could ba impltmonted at minimum impact to tha
●xltting mpacncraft progcam, This appreach
providaa tha ●dvantcga of long4uration monitorin~
with ● good duty cycls.

~ 3-

Tha inatrumnt which was daa~gned co pcrforrn
this naad-d moaauremcnt la callad tha Spactromatar
for Entrg@tic Electrons (SEE dacector), IC we-

daaignad to ba compatible with tho machantcal ●nd
●lectrical intarfacaa provided for #nothar
inctrumant: only -2 kg of maao waa allow~d for cha
●rcparim~nt, ●nd only five data channala (at m total
●ffactiw data rate of fiva bits par aacond? wsro
●vailablm. Sufficient Qlactricsl pow-r (0.5 whtt)
vaa provided to ●ccormmodmta ●}a maaouramanta
poaaibl~ within tha conatrainta of chc data
handling ●yacam.

In ordar to accormodata tha damirad
meaauremmnt within thaaa conatrainto, the
inatrumant wma baornd up~n a acincillation
apactromacar in which ●sa~ntially ●ll of tha ●nargy
of the incldsnt ●le.rrona ia dapoaitcd ●nd
meaaured. Silicon solid-ctsta dotactora ● rm uaad
co dattrmina that m raoponae in tha acincillator la
csuaad by ●n alactron ●ntaring tha decoccor though
● coilimatir.g sparturc (Fig. 3). Exccpc for tha
●parcur, tha datantor la uhialdad by s thick (5 gm
cm-z) ●luminum shall, which pravanta cha diract
penetration of aloccront with enargita laaa c,mn
-15 14eV, Tka dat~rtor 1s pow~lad through a salf-
containtd powar convartar tha housing of which ●lao
sarvss ●o tha mounting basin for tho inatrurnent.
Th~ ●lactronlca which process tha rs~pona~ of cha
datactor ●nd praaent tha raaulta to tho data
handling ayatam ●r, houa~d in ●n ●nclonuro which to
mountmi to tho ●anoer ●hall.

Thg silicon colid-acacc datactors whi:h
provido tho gaf.ing nignal ●nabling tha ❑aaturomant
of tha total cnargy of tha ●lectron baing mnalycad
conaiats of a stack-d pair of ●laments,
olsctrically connactod in parallal. Early flight
datactora ●mployad 1500 u ion-implnnttd aans~ra in
ordar IQ ●now ● gating throahold aufficisntly high
(O~9C 1.3 I’W vindow) re that tha random counting
rata and tha probability of rantiam coincifiencaa
betus~n lcwar-anargy particlea would not produce ●n
unacceptably high random background in tha gating
channal, Lat?r datectoro uerc ●quipped with 1000 u
ruggodimd aurfaca-barrier aansora with th,
●ddition of a pamsiva ●luminum abaorbar immadiataly
covoring the front ●lament in ordar to maintain the
aingloa rata within acceptable limito,
Additionally, ●lactrmta ● ra raquirad to p~natrate
● n aluminum ,honaycomb panal, losing .0,3 HQV
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FiRur* 2. Cross-nacttonal schamatic illustrations
of tha low-anargy proton (LoP) and high-an~rgy
proton (HiP) portion- of tha CPA Sansor aystom.

onargy, bafoca ant~ring tht collimating apartura of
tho datactor.
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Figure 3. A diagram of tha SEE d~tactor cystom
illustrating cha collimator, tht uilicon dotaccor
●rrangamant, and tha BGO (bismuth gcrmanato)
cryacml. Pmrticla dacoction chsractmriscicc ● ra
61S0 ahovn.

HIGH ENERGY
ELEUTRONS

v

Plgu?o 4. ArI illustration of tho ovarail almctron
●nd proton ~n~rgy rmng9s maaourad by prauant-
gona:ation laB Almmos msnmoro ●t ~ao~tmtionary
orbit.
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1

in backscacctring from thg dttoctor. A C.050” lo~d
shell ●urroundo ~ha ●cintillator, shielding it from
much of the bromsrtrahlung gonoratad in the
opacacraft ●nd ●t tha ●urfaco of tha Instnmant
itcelf by tha trapped-radiation ●nvironmmot. A
leaded-glass lightpipe completeo the shieldiog
surrounding the ●cintillator ●nd couplao the
ncintillacor co ●n RCA cyp 7151Q photomultlplier
(PFl) cube. High voltsge required co operata the PH
tube is goneracod in che power converter ●nd 1.
controllable, by comnd, to vary the gein of the
PM cube over ●ight diocrete level-.

I?lectrlcal aignelc developed in the PM tube
are mmplified end anslyzed ●t five levels,
determined by discrete level discriminator. The
total scintillation ietector counting rete may be
monitored from the output of the lowest-level
dlecriminator. Counting rate. occurring within the
differential intervel defined bmt!.nen ●djacmnt
level diacriminatoro require logicel coincidence
(or lack of coincidence) with resporm from the
silicon gacing detector., thus providiog ●

meeourement of ●lectron- with ●nergies in four
differential intmtvmla ●m ●hewn in Fig. 3. A
commendable function selection permits reduction of
this primary measurement to only three channela,
utillzing the fourth chsnnel to monitor the tocel
counting rate from the scintillation dececcor.

The oilicon gating Oenaoro are ●lectrically
connecte? in parallel. SignalB from the sennors
● re amplified by a chsrge-senoicive preemp followed
by ● voitage ●mplifier. TWO level discriminators
defina energies of --90% ●nd -150% of che moat
probabla onargy deposited by ●loctrono within tha
mmanurement range. This provides >90% ●fficiency
in identifying the oncrsnce of thesm ●lectron-
through the collimator ●perture.

It has been difficult to provide satisfactory
cslibrationa of the inacrl.sent, becauce of che
●nergy range in whl:h ic in deoigned to perform ito
monicorlng functions. Honte-Catlo Jscign studieo
hmve been done co oimulate ●ctual detoccor
retponsa. At ●nergieo greater then 2 HeV, the
●lectronm ●re not -topped cleenly, but produce many
secondary interactions ●e their ●nergy 10
dissipated. M ●ppreciable number of ●lectrono ● re
ccatterod backward, ●ocaplng the scintillator.
Others lose ●nergy primarily by generating
bremootrahlmg, 8ome of which ●ocapac the
scintillecor. Additionally, the resolution ef che
scintillation detector smearu the response,
howevor, thio wsn not ●ccounced for in tha current
●nelysio. Actuel calibrations of the detector heve
bean performed ~tiliclng electron beams provided by
a linear ●c:elertitor. Raculto of tha calibrations
● re in reasonable agracment wlch the lionta-Carla
simulations.

Figure 4 tummeriweo the preoent overell
electron ●nd proton ●nergy covaraga of thm CPA and
SEE detector Symcems.

CPA ●nd SEC Science ●nd Enginaaring Results— — .—. —

CPA data acquirsd from 1976 through 1978 were
procacoed by ● met of llPhsoe Xi’ analytic codes,
The baoic dircctlon~l count rata errnYs W*re
anmlysed on ● mpscscreft rotation baoim, particle
●nio~tropioc wers comwtodt and mpin-avareged

fluxes were dieplsyed on 2-hr per framo microfiche
plots. Thuc , a high time reeolucion ( 10-8)
●rchival dste ●et we- formed. Iu addition, ●o part
of the proceeding, CPA dete were ●tored and
evere~ed co fom one-hour ●nd deily flux ●veregen.
Theee latter, courser ●verage data hevo been ueed
in ● veriety of statimticd ●tudleo.6’7

Frrm 1979 to the preeent the CPA deta heve
been procemeed under a ●at of “Phoee II” computer
codes. In ●ddition to the 1O-O fiche ploto which
● re nearly identical to the Phaae I output, Phaae
II programe heve ●lso produced ● ome+inuta ●verage
digitel ●rchive of ●ll data producto, plum oummery
12-hr color spectrogram survey plots. A recent
peper illumtreceo moct of the availeble CPA date
product- ●nd formeco.a

The SEE data ere eveilsble in highwt time
resolution so 16-s everage count rates. Theoe hmve
been ●veraged to form ● 12-min lverage date set ●nd
daily everageo hmve S1OO been formed. Microfiche
plot. of ●ll average daily ●nergy spectre ●re
●vailable from 1979 to present.7

Hot plsmma ●nd ●nergetic particlm population-
e re known to produce spacecraft operational
●nomaliec.l In the inner part of the ●arth-n
magnetosphere, theme ●ffacte are primar!.ly due to
durably trapped rediation belt pertlcles, the
integrated domes from which can be calculated
●ccurately for ● given orbit. In the outer
magnetosphere meny spacecraft operational
dlffirul.tieo ●ppear co be due to intence, traneient
phenomena. The CPA ●nd SEE teneor ●ystemo provide
●nergetic particle decoccion ●nd essccament
capabilities during theta kinds of high-energy
radiation ●vents. As has become increasingly
clear, modern sstellite syatams, ueacher ●nd global
communicecion inctollation~, ●nd many defense
programs have becoae dependent on knowladge of tho
conditiun of che naar-earth ●p-ce environment.
Hilit*ry spacecraft, ,commercial communlcmtion
setellitem, ●nd ● wide variety of othar scientific
●nd operational space ●ystema require ,tnformation
ebout ●olar ●nd ionospheric conditions,
magnatosplteric dimturbence levels, ●nd molar ●nd
galacc~c comic ray fluxes. Without ouch
knowlodga, thace oystemc ofton cannot be opereted
pruperly. Three primmry forms of radiation ●ffect
●pacecrsft oymtemm in the outer magnetosphere.
Theoa ● re:

(1) Solar flare particles;
(2) Very high onargy ●lectrons; ●nd
(3) Megnetonpharic oubstom perticleo.

The damsging component of sular flire p~rticlern i-
primarily ions (mottly protono) of 10 to -200 HeV
kinetic ●nergy. The very high enargy ●lectrone ● re
2-20 W/ in kinetic ●nergy end thtir origin is ●t
prenent unknom. Thm third source, t ha
❑agnetospharlc aubstorm, produceo largo fluxeo of
low-to-moderate ●nergy ion- ●nd ●lectrons; the
mechaninma of damage 10 primarily ona of aurfacn
end near-murfaca spacecraft changing ●ffectc.9

~Time Resolution CPA Rssultm——— ——

TFM occurranco of large flerao on the sun-s
murface heve long boon known to ba followmd aft-r ●

few hours to ● few days by cignlf:cant geomagnetic
dloturbmnceo, , Th@ natura of tha terrestrial
●ffactc can lncluda large mmgnatic atoms,
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ionosphere disruptions. and intansa surfac~
●ffacta.lo It ia now knon chec flsras typicmlly
produca very anorgetic psrticles ●nd ●lmo often
give rise to strong trevelling shock waves iu the
interplmnetsry udium. Given ● proper
interplanetary ❑egnetic fitild (MP) Connation
between che flare ●ice on tha ●un ●nd the ●arth,
10s of HeV solar proton. cen roach the cerrectrial
8nviron8 in ● metter of hours. At ●srth, theee
very ●ntrgetic proton. ●ppmer to have raady eccees
co tha polar cap region. ●md tha outer

magnetosphere and, thue, there can be very prompt
●ffectc from solar flares.

Tho demeging acpecta of solar flare particle.
on spacecraft commo in significant meeeure from
fluence ●ffects. Protons id the ten to several
hundred Hev range ● re very penetrating, ●nd one

large flare can be ao damaging ● s years of on-orbit
operaclon in the nc real, ●mbionc magnetoepheric
●nvironment. Intenee long-tam ●xpoture to high-
onelgy proton fluxae producos cryetal-la:tice
structure damage in solid stete devices, ●nd btyond
a certain point such devicas become completely
dysfunctional.]l The ●ffacts of lsrge dossgen of
heavily ionizing radiation on ●lectronics hat bean
well-investigated ●nd demage-fluence curveo arc
●vailable in many caoeo. The number of rds ●t
which individual component fail varieo
substantially (depending on device Construction),
but with sufficient ●xposure meet modern space
●lectronic ●yctema suffer at leamc ●oue
degradation.

solar flare protcns can also produce other
types of dinturbanceo in ●pscecrafc oysteme. For
●xample, data from ● geoatationary orbit ●atellico
during the early part of Auguoc 1972 (J. B. Blake,
private communication, 1983) ●stablished that when
the <50 lieV flux vu ●bove -200 proton- (cma-s)-l
there wae concinuoua disruption of ch~ onboard ●tar
tennor photomulciplier.

The mechaniem of disruption in this case w40
the penetration of the ●nergetic protono into tha
ctar tensor system itrnelf. Tha ●nergy depooi~ion
by tht protons produced concinuouc “cclntlllationo”
in che photomultipliar cystem which completely
incapacitated the ~tar refarenca funccion. Without
●ccurata rotational refarence, many o~arational
apacec~aft ● re quits raotrictad in chair
performance. This, and ● variocy of other proton-
inducad dinruptiona, have baon tracad directly to
flara-generated particlac. Such flata inducad
backgrounds ● re continuously monitored by chc CPA.

Solar flarna occur rather commonly (perhapa
once a month) naar solar -urmpot maximum, but thay
occur very infraquantly near oolar minimum. In
contract :0 tha relatively infrequent, but quits
●nargatic, phanomarm aomociaced with solar flarao,
m~gnatoopharic mubstoma occur ❑uch mora
fraquancly. During ●varage co~ditionm, uharm may
be ona co oevaral isolated substoma (ef ●bout 1
hour duration) durlna ● daj , Duriug v,ry
dimturbad, atordika conditlono, mubatorm acctvity
may be naarly continuous,

One of tha moat oign!.ficant ●ffacco of
@ubstom from tha standpoint of opacacraft
operatlonm is tha occurrmnco of mpacocraft
chargin~.~ During ● charging ●vant, Intulatad

surfaces mey chsr:e to several kilovolts (normally
negative relative to the ●mbiant). This charging
●ffect occure becauae of a lack of current balance
batueen the ambiant plaama medium and the
●pacecreft surface.12 Typi~ally when ● ●pacec:aft
1s imeroed in a cool, dense plasma then incident
●lectron ●nd ion currenca, secondary ●mitted
currenCe, photoeleccrona, and backacattered
●lectrons all balance giving ● low pocentisl.
However, in ● vary hot, tenuous plaama, current
balance can bm hard co ●chieve ●nd large potential
can build up.

There have been many upaeca, enomaliem, ●nd
diaruptioms of spacecraft at (or near) ●ynchronoua
orbit.1~ Ilundrede of ●xamples heve been oboerved
that ●how that ●pisodes of large ●pacecraf:
cherging occur during ●ubotorma. Ffany of the-a
charging ●vents ●nd \:ich abrupt, intense discharge
end arcing between spacecraft components. Uhe n
this occurs, ●ignif~:ant damage can occur.1 19 The
vest majority of ●nomeliec and upsetc occur in the
local time ●eccor from midnight to local dawn.
This la the region of subatom energetic ●le:tron
injection ●nd subaequemt drift.l~ The aaaociation
of meny spacecraft operational problems naar
●ynchronoua orbit with ●ubacorm ●lectron flux
increas,s, therefore, la irrefutable.

Particle fluxes ●t 6.6 RE ra~ularly decreaae
●bout 1 hour before ●ubatom onset ●nd this haa
been termed the “storage” phsae or “grouch” phaca
of the ●ubaton since ●nergy la being added to che
magnetotail ●t theaa cimas. particla drift-shell
splitting ●ffe~ca ●t 6.6 RE produce a depletion of
90° pitch mngla particle ●nd henca ● magrmtic
field-aligi)dd, or “cigar,” ●lectron pitch tngla
discritucion ia seen bafora moat oubntorm onaecc.
Thus , chia preorbstom period alao haa baen termed
the cigar phaaa.ls In otudying hundrada of
subctorm *venca ntiar local midnight with
geostationery syacecrafc instrumertta, we have fou,}d
chat moat subatom injection ●vcnct ●ra precedad by
cigar (growth! phae faeturea. Of mora then 10LI
caaec of detected ?igar phaamt of =.0.5-3 hour
duration, in 97 casea the cigar phase wam
immmdiat-ly followed by a subotom Injection.lh On
the ochor hal~d, wha n th~re waa ❑o tiger phane
throughout the paos:~e of ths apececraft through
the local midnight sactor, we sew no cubntorm (ao
manifaoced in the ●nergatic particle data) on 15 of
chooa occasion-, ●nd we oaw waak aubatorm ●ctivity
on 2 Occaaions. Such reculcc from the CP.4 auggasts
chat subatorms tand to occur if, tnd only if, tha
cigar phaoe signature ●nd ❑agnetotail ●nargy
atoraga occur. This can ba the baair of ● veluable
aubstotm prediction mathod (or componant chareof)
aa haa bean praviounly suggeotad,~b

Long-Tern CPA ●nd SEE Reaulca——.— —

The eximtence of popultclono of vary high
●nargy (~ 2 MaV) ●lectrono daap in cha ●arth-a
radiation belto have long baen known.~ Thasa
●lec~rona conacicuta a primary integrated do-a
f.fluance) problam for oparation of spacecraft balow
-4 RE altitude aa wac mention-d previously. It hao
bean widely believad, howavar, that the incenaity
of much particlan droppad off vary tapidly with
geocentric di~tanceS ~uch that ~ilclu flux raaelnad
bayond L - 5.
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Figura 5. Daily -avaraga, 3-5 MV •l~ctron cOUnt
rmtam from Juno 1979 to April 1982 masaurad by tha
SEE datactor ●t 6.6 RE. Numarouo intensti apikns,
wall ●bova normal background lavolc ara caan in the
data .

NW ❑aa8uramontn cinco 1979 using tho SEE
datactor havo ~hovn tht ●poradlc ●ppaaranco of
largo fluxaa of 2*1O HaV ●lactront nsar
●ynchrocoun orbit. Figura 5 nhows a plot of tha
dsily-avaraga intanaity of 3-5 f4aV ●lactrona from
Jurm 1979 to April 1982. (Ha rafar ganarally to
chit population ●m tha -3 l’faV flux.) Tlm data Ara
prasancad ●s diffarcntial count rata varsua day of
year from tha baginning of 1975.

The data show that much of tha tima, fluxaa of
3 klaV olactrona ●ra rathar low ($0.1 c/s - 1
●-/cm2-s-ar-MaV)0 Howavor, on many occaaions tha
fluxao reach significant levals (-10 C/S); on
rolativaly rmrc occasions, such ●a June of 1980 or
July 19s1, wa naa ●xtraordinarily high flux@a.

Figura 6 ohowa ● plot of tha ●lactron ●nargy
mpactra for ●alaccod d~ys during tha Juna 1!380
•~ant. Tha ●pactra combina data from tha CPA 10w-
●ntrgy olactron nansor systam (3O-3OO kaV) with tha
high (0,2-2,0 MaV) and vmry high (2-IO HaV) ●nQr8Y
●tnsor mystem8 on tha aama gaoctationary
●ptc~crtft. For rafarcnca, t ha nhort-danh long-
dash curve In Fig. 4 shows tha NASA AZ-h mod~l
●nv;ronmant ●t 6.6 RE.~

Tha figura shows that tha wodal ●uvironmant
●xhibica ● rapid drop-off of flux abova -2 HaV. By
contract, tha oboarvad daily ●varaga fluxac in cha
ltrgu Juna 1980 ●vonc follow a hard ●xponantlal
opoctrum up to 10 F@10 Thu@, whilr tha intaeral
flux abova 2 MaV for tha AE-4 modnl would ba ● fsv
hundrad ●lsttrons (cmz-s-sr)-l, during tha Juna
●vant wa obsnrvwl ~loII alaccron~ (cm2-m-cr)-l ●bova

2 Hav, Tha modal pradicts ●smantially no
mcanurabla fluxac ●bova -5 tlaV whcraas wa oboarvc
diffmrantial fluxes roughiy ilvo ocdarc of
m~gnitudc hlghar than th~ modal at th?ea ●nwtglac.

o aooo 4000 eooo 8000 10000
Electron En.rgy (keV)

Figura 6. Compo#lto CPA ●nd SEE spectra from 30
kaV to -10 FiaV for thraa aolcctad d~yo during an
intanaa ●lactron ●vant in Juna 1980. For
comparison, rho NASA AE-fI ●nviror.mantal modal in
●hewn. Thaaa rasulco illuatrata that cha high
●nargy ●lactron fluxaa ●t 6.6 RE oftan greatly
•xc~ad tha nominal modal pradictionu.

Tha occurrancs of vary high anergy ●loctrona
●t 6,6 RE 1s of significant ●nginaaring intaroat.
Ha hava found numaroum ●xamplaa of opacacraft
operational problama occurring during ouch flux
●nhancamantc.) Ona class of ●nomalias for which
tha high ●nargy ●loctron ccmponant is claarly
implicated has baan wall-scudico. During ● broad
int~rval of tima (Octobar 1980 - April 1982) cha
titar trackar myatam onboard ● gaonynchrono~’.o
catallita ●xpariancad rapaacad outagaa ●nd
malfunctions. Ty\ically, chara wara ●avaral dayo
of ●rratlc bahavior ●ftar which tha problama would
diaappaar. Tha 8tar crackar upaatn occurr*d
●mrnantially whanavar flux-a of alactronn ●xcaadad
●n ●pproximately ●mpirical laval of b count ratt?
unltc. Furthar, scar tracker dicruptiono navar
wara saan whan fluxaa ramalnad balow this ●mpirical
laval. Tha high dagraa of correlation batwaan ●ear
trackar upnat- ●nd vary ●nargatic alactron fluxas
in otront ●vidonca for ● cauaal ralationahip
bacwcan the ●nvironmanc ●nd tha ●nomalias.1

It hao baan ahon17 that irradiation of opaca
my-tam by vgry ●n-rgatie ●l~ctrona can causa ●

daap dialactric charging phanomanon. Ecaantially,
vary high ●nargy (i.a., vary panatratlng) olactrona
can bury thamoalvaa in dialactric ❑atarialo (a.g.,
COaXlal cabloo, ●te.) ●nd 8copo Thay thmt give
risa to vary high ●lactric Cialds (potential
diffarancas of smvaral kilovoltn) in thaoa rasions
until ●vantually ● n intanaa braakdnwn occuro.
Hanea, a naarly irrafutabla correlation of
spaeacraft ●nomaliaa with tha .nvironmont ●xicea
●nd, furthsr, ● plauoibla phytical connation can
ba astab?ishad.

-7-
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Unfortunately, it ia very hard to ●hiold
●gainst multi+idf ●loctrona. Tho gramtaot hope i-
CO ba ●ware that such particlac occur rathar
ragularly ●t 6.6 ~ and to design SYSCMMS and
●ubaystama which ● re imuna to their ●ffacta. From
tho standpoint of pradictionm, wa ● rg f!.odlng
considerable ●vidanca that this very ●nargatic
component rocuro with a regular 27-day (solar
rotation) psriodicic~, ●nd thus WO should
●vontuailY bc ●bla to tmdict tho times of their
occurronc~ raaoonably ~11.
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Figura 70 Ploto of tha ●varaga diurnal vmriationo
of fluxaa of ●lactronn (>200 kaV ●nd >930 k@V)
mcasurad by S/C 1976-059 during tha yaara 1976
through 1978. Tho oolid line in 8ach plot
illustrntam tha ma-n flux (50% probability) value,
Tha upper dashad turv- in aach CSOQ @how@chs flux
laval that ic cxcaad~d only 10% of ths tim~~ th~
lover dachmd curva chow- tha flux lavQl that 10
●xcaodod 90% of thm tima, Thwm sortc of raculto
●now OIM to Judga what tha likaly ●varaga ● - wall
as axtromo conditions of low flux or high flux
might baa

A final illustration of the scientific ●nd
engineering results from tha ho Alamo8
geoscationary orbit data set in shown in Figura 7.
nia is based on the kinde of broad statistical
●melyoen which have been performed on the CPA ●nd
SEE dats ●eC#.700 In the figure - illuetrace the
aversge diurmel variation. of energetic ●lectrone
oboerved in two energy rmgem (>200 keV ●nd >930
keV) during 1976-1978. The plots utiliza ●ll data
available from S/C 1976-059 ●od the statistical
●valuation used the l-hr data tapes ●e input. In
Fig. 7 wv have plotted the mean flux (502
probability) value ●s well me che 102 snd 90% flux
probability values for ●ach channel. From much
curves, it ie poesible to judge what the ●verage
●nergetic particle environment ●C 6.6 RE would be
<for ●ny given local time). It la ●leo poesible to
judge what the likely ●xtrama condition of ●ither
low flux (902 probability) or high flux (1OZ
probability) might be. Resulte of these kind,
should be uoeful in ●n engineering ●enae end ●hould
●now aeseement of flux levels importsnt for
●pacecrsft deo:gn cricerh.

New Generation Los Alamoo Particle Inocrumente
The~O Syecem ‘———

The Advanced Perticle Analyzer (APO)
instrument will analyze electron fluxes with
●seenttally the ● sme ●nergy range ●nd reeolucion as
the praaent CPA instrument, ●nd cover the protorm
with ●bout one-half the ●nergy resolution. The ion
●nergy range will be ehifted considerably to the
lower energy eide. In ●ddition, the APO will have
the capmbilicy of monitoring the fluxee of helium,
carbon, nitrogen, oxygen ●nd ocher heavy lone whoea
●xietmce ●nd function in magnetospheric pr~ceaaes
● re only now beginning to be determined. The APO
will ●lBo have three-dimensional pitch angle
capability for ●lectrons, protona ●nd alphae
whereme the current CPA ie limited to ●lectrone in
thie reepect (eee above).

The AP13 instrument consieta of a eet of three
collimated semiconducco: sensor teleecopae (see
rig. 8). The ●xee of the collimator are located
●n ●nglee of O degreoe, +60 degrees, and -30
degreeo with reepect CO the spacecraft ●quatorial
plane. The electron pitch ●ngl- dietributione ar~
eymmecric for the crapped ●lactron population ●t
geoecacionary ●ltitudes, ●o thit arrangement give-
high pitch ●ngle covarage ●nd maximizee the heavy
ion coverage which peake strongly naar 90 degrees,
Each telancopa conelatn of ● pair of eolid stato
eeneors in ●ri E - dB/dX ●rrangement. The front
●lemanr. of the telascope ie ● ●urface berrier
eeneor 4 microne thick and 10 MM2 in eurfaca ●rea.
Yt ham a capacitance of > 250 pF ●nd operatee with
lot volt- of biae. The back ●lement of the
telaecope 1S e eurfaca barrier eaneor 3000 microno
thick ●nd 25 m2 in surface area with ● capacitance
of ● few picofaradt ●nd oparattng blma voltage of
●pproximacoly 900 voice.

Tha APO detector ie deeigned to meaeure ionn
in the 50 koV to 50 MeV ●wrgy range end ●lectronn
in the range from 50 keV to 1.6 HeV with mn
intagral channel 21.6 HmV, Speclficelly, the ion
❑eaturemente includm protone (50 keV - 30 HeV),
alpha particlee (500 kaV - 1.5 )itv), carbon,
nitrogan and Oxysen ions (1.3 MeV - -25 FleV) ●nd
heavier ions (>7 HeV). Tho protone will be counted

-8-
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FiBure 8. A diagram of one of the individual APO
saneor teleecopee and the meaouremant energy rangen
for electron-, protons, and heavier ione.

in 12 differential ●nergy channel~, the ●lpha
particlea in 3 channels, cha CNO iorm in 5 channelo
●nd the haavy lone in 2 channels. The 5 CNO
ehannala includa 2 channala in which carbon,
nitrogen, and oxygen are counted cogethar and on.
channel ●ach in which th~y ●re councad uniquely.
Slectroos ara countad in 9 diffarentlal ●nargy
channels and 1 integral channel.

Sixty-four (64) angultr ●amplao will be
●cquirad over the unit cpharo for elc:cron, proton,
●nd alph? channelo during ● 10.24 oocond period
(Qoeantially one opacccraft rotation). Thuc data
will ba accumulated in all of theme channelc for
160 ❑illineconde. Since the counting rataa for tha
heavier ions (CNO and heavier ionu) ● ro vary low,
Cfie accumulation tima for thetaechannels w1ll be
10.24 aeconda (approximately one spacecraft
rotation).

In order to ❑ake ● more ●ccurate heavy ion
composition moaaurament ovor longer tima cculea, n
dual parametir ●nalyoio will b, psrformed on the
dE/dX pulma heightn due co heevy lonm paacing
through a particular talencope. Tha valid puloa
pairo will bt digiticed ●nd the r!atn transmitted to
●nd accumulated on the ground. Pulsa palm
ganaratad during the time ● talascopa awmepm ●croao
tha sun (nun oenoor ❑onitor la aat - 1) will be
invalidated by tha ground procoamor.

Each pair of solid-mtata oonsors in the set of
chrce taleocopeo Ilava ●n ●soociatod charge
●ensitivo pro-mplifior; howevar, to con~erva both
walght ●nd power, the thret tmlascopam mhara tha

came post ●lectronic- and 10 le. l%ua, there ●re
two poazamplificr chains, one f or ●ach of the LWO

elemente in a talescope. The ●mplifier- are
followed by ●nergy level discriminators,
differancial scaling logic, particle identification
logic, and accumulator for ●ach of the ion ●nd
●lectron channels. Thara arm a cocal of 22 ion
channelm ●nd IO ●lectroo chanrmls.

Since the tel~ocopee must ohare che poot
alectronico, ●ach teleecope will be select~d in ●

fixed pattern ●very 160 millioecondc with the O
degrae talencope stlected twice a- often ae the
other two. Thus, tha O degree telencope will have
s 50Z duty Cycla while the +60 degrae and -3o
degree teleocope will each have ● 25Z duty cycle.
Accumulacionn ●re made for 160 meecondo as
mentionad abova ●nd the 460 degree ●nd -30 degree
teleecopa will have ● rneolucion of” 640 mneconde
●nd the O degree will have ● resolution of 320
neeconds. The dual parameter compooltion
measurement will be made on a continuous baoio with
the data tagged LO the Tl, T2 and T3 celaocopes.
Up to 50 pulaa paira can be Jcc,,mulatad ●ach
second.

The ASEP Oetector Syetem.— —

The Advanced Spectrometer for Energetic
Particlea (ASEP) detector ●eeembliea ●ach contain a

ENERGY
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ANGULAR
RESOLUTION:

TIME
RESOLUTION:

T E ;:sLcToo;r
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Figure 9. A cutaway diagram of the ASEp canaor
●yntem ●nd ● tabulation of ito physical
characteristic- ●nd tha responoe to •l~ctronl and
proton-,



●cintillator, PH tube , power supply, ●nd
electronics (see Fig. 9). The detectoro ●re baeed
on Biemuth Germmate (IWO) ●nd plastic (NE102)
scincillscion ●pectromatero. Tha plastic
●cintillator ourrounds the BGO to provide active
charged particle ohielding which 10 supplemented by
psasivo ohielding (1/2 inch AL) effective to 6 NaV
for electrons and 50 MeV for protons. The active
charged particle discrlmineticn is ●chieved by
phoawiching, i.e., optically booding both
●cintillators to the same photomultiplier ●nd
separating their reaponmao via rise time enalysia.
AII aperture in cke paeeive ●hiald ellows a 1.8 cm2
●rea of the N’E102 to set ●n a charged particle
window, thuo performing the came function ●s the
nolid etata●~necr in the present SEE detector, but
with le~o complexity ●nd hlghmr reliability.

The ASEp in.ecrumentn operate ao follows:
pulses from the BGo/NElo2 ecintillator ● re
categorized according to pulse rime time no ●ither
“fact” (NE102) or “O1OV” (BCO) or ● s ● fact/elow
combination. Al!. pulseo are further subdivided

into classes ●ccording co pulse amplitude. All
:hie 10 done with four level discriminators. The
typt of rmd~acion that cauaed the pulse la
determined by the lbvel diecriminatore that
t rigger. The analog-to-digital ccnverter (ADC)
measuran cha ●nargy depoeited per pulse. Elaccrona

from ‘1 MeV to -15 MaV can be meaaurmd, while
protona from -10 co -zOO FfeV nre alao counted
separately .

In-flight calibration la partially
accomplished by continuously monitoring the pulse
amplitude diatribuclon due to primary coomic raya.
A oarias of pulaee ara injecced into the datector
●nalog circuicry for the purpoaa of more pracisaly
varifying the ADC so[,verter calibration and logic
operation.

The heart of the datector electronics ia the
rise-tima discrimination circuit. This circuit
●aparatoa cha mix of fact (10 naec) and slow (500
naac) pulse compmentn appaaring at the output of
the PM tube. The faat component IS ioolated by a
faat preamplifier which haa an intpgracion constant
much ahortar than the 500 nrlc rice tima of the
slow component. Tha elow componant ia than
iaolat.d by subtracting tha faat couponent from the
composite puloe.

The faat ●ignal la amplified ●nd applied to

cwo level diacriminatoro. The E1OW signal i-
amplified and digitizad by ● 15-level ADC
convertar. Either level 1 or level 3 of ths ADC
convart~r ia ramocaly selected to cerva ●a tha slow
loucr level discriminator and level 8 ia the slow
upoar le”vel detector. Tha combination of tha four
leval diacriminatora which aro triggered by ●n
mvont and the ●nargy deposition meaourcd by the ADC
converter lduntify the radiation typa (see Fig. 9).
This determination la made in the ASEP logic
located in ● separate asaambly.

overall Mvanced Sensor Syatema Capabilitiaa—— —

In additian to tha APO *nd ASEP ayatema
dascrlbad above, the next generation of Loe Alamo@
inatrumanta will ●lso lncluda an Advmacad plaama
Spactrometar (APS) instrument. This detector
Oystem conaiata of ● hamispharical ●lectrostatic

analyzer baaad ●xtensively on prior !?0 Alamos
plaama detectioc techniques. The APS will ❑eaaura
●eparataly the fluxaa and spectra of ●lectrons and
ions from -1 ●v to 40 keV. Thase maaaurementa will
obviously comp~emant the APO ❑eaaurementa very wall
ac the lower ●nargy part of the total anvlronment
spectral range.

Figure 10 shows the combined Lae Alauos
●dvanced sensor ayatem capability at 6.6 RE. Thi e
ia to be comparad with preaant capabiliciea aa
shown in Pig. k. From this figure it la seen that
virtually the entire alectron spectrum from 1 ●v to
-15 MeV 10 coverad (with ● smell gap betwean 60 kev
and -50 keV). Similarly, the ion spectrum is
covared from -1 eV Lo -200 tleV axcapt for a small
gap between the APS and &’O ranges. Note in
particular that the APS/AFO ~overage should previda
●xcellant r’~ca concerning spacecraft charging
problems. Similarly, the APO ●nd ASEP combination
should provide excellent data concerning solar
flara protona and very high energy ●lectrons.

su~ary and FuLure Directions

The geoetationary orbit la a region of
considerable human intereat in apace. At chia
location, a npacecrafc appaara to remain fixed
●bove a given point on the earth-a geographic
equator aa cha orbi:ing satellite completes one
revolution whila the earth completes ona daily
rotation. This orbit la tharefore vary useful for
❑any aatallite applications to waather,
communication, and ❑ilitary needs when it is
desirable for a spacecraft to maintain a constant
poeition relative to particular geographic
Ioe,ationa or land maaseo.

Scientifically, 6.6 R ia
Fi

aleo a va&y
intereating poaltion wit in the terreecrial
magnetosphere. The geoetacionary orbit ia at the

ADVANCED GEOSTATIONARY

OREIT BACKGROUND CAPABILITY

1w IJO Cv 10 keV 1 MeV 100MeV
Ioev

I
1keV 100 keV 10 MeV 1 BcV

ELECTRONS APS APO P!:P

PROTONS APS APO ASEP

PLASMA
SPACECRAFT

CHARGING

Figura 10. An overal’ summary of tha Loa Alamoa
●dvanced gaostationary orbit particla detacLlon
capabilities. In combination, tha ApS, APO, ●nd
ASEP aeneoro covar virtually cll of tha electron
spectrum up to -2o HeV and naarly ●ll of tha proton
●p-ctrum up to -200 tlev. In particular the APS
●yctem meaouraa in a ranga not coverad by praoan:
●ystema (Sea Fig. 4) that la important for
cpacacraft curfac~ charging problama.
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outer terminus of the terremcrial trapped radiation
region (outer rsdiation zone) ●nd la aloo at the
inner ●dge of the ❑agnetotail plaema eheet. From a
geontationary spacecraft plhcfom, therefore,
scientific inncrumentation can probe the highly
dynamic outer magnetosphere and can a-seas kth tha
trapped (Van Allen) radiation euvlronmenl and
plaama ●!reet conditions, the la:ter leing strongly
modulated by geomagnetic activity.

From 1976 for the CPA (and from 1979 for the
SEE) up to cha preoent time, Loa Alamos lnatrumenta

have provided a nearly continuous record of the
●nergetic particle ●nvironment at 6.6 RE. Ue
●xpect this record to continue into the fucura with
an ●van more comprehensive data sec. Aa ahovn in
this paper, the inetrumentaclon ia well-suited for
overall ●nvironmental monitoring, and the reaulta
have been of algnlficant aclentific ●nd engineering
value.

There exiata ● large and diveree “application
community” by which we mean those peraooa and
organization who are using che atmosphere and!or
outer apace for commercial, engineering, or
military purpoaeo. This comnunicy often needa to
know the geomagnetic and magnetoapherlc
environmental condicione co better carry out ita
taska (tt,ac ie, spacecraft design, communication,
or satellite operaciona).

We believe that the atacietical acudiee of the
type diacuased in this paper art particularly
useful for chia community. Our ataCiatical reaulta
clearly indicate the aori.a of flux lavels of
energetic particlee that may be expectefl to be
encountered at geostaticmary orbit. The
probability levels ●aaigned to varioua flux levels
of the diffarent particle components should allo~
batter aaaeaament of deelgn criteria for future

geoacacionary satellite miaaiona, ●a an example.

We a:lpect that the ovarall particle data ●et
can also be useful in avaluacing events of :lntereat
to the applicaciona community long after cheae
eventa have occurred. For exampla, spacecraft
operational ●nomaliee or ●tmospheric dinturbancea
(affecting radio propagation) can ●t times be
incarpreted in terms of energetic particle
enh=mcementa in the outer magnetosphere. The data
prasenced here (and data that continua to be
collected by CPAe and SEEa on orbit) are readily
available for use by che application communicy.
Data are alao ●vailable from these aatellitea in
real time for qualified uaara in the ●pplication
communicy for environmental fo’)nitoring purpoaea.

Within the scientific community, ● major goal
is to better understand magnetoapharic acructure
and dynamica. Ralavant queationa includa whare
onergatic plaama particlaa originate, how tha
particles ara ●ubaequently transported, and how
they ● re ●ventually lost (precipitated into the
tcrreatrial atmoaphara). Long-term fluxes such ●

given by the present data can lead CO ● better
predictive capability in th~ fucura.

We tinviaion that ●n ●xpanded raal-time data
system invoiving all of tha Loo Alamoa
geoatationary orbit data could bo of considarabla
value. wc ●ra, th~rafore, ●ctivaly pursuing such
●n objectiva, our baaic approach ia to atraamlina

●nd unify data ●cquisition from each of the
particle aanaor aubayatema. Through this ●eans wa
foresee the enhancement of the handling of these
data ●a ●n overall spacecraft operation tool.

our objectives in developing a real-time data
●yatem are to provide resident Lea tiemoa ●xpertise
for ●pace environmental ●valuation ●nd co develop a
prediction and ●nvironmental ●aaeaament capability
for improved apacacrafc operatloo throughout the
cerreacrial magnetosphere.

Among the tangible benefits that will accrue
for these ●fforts ares

(1) A magnetoapheric ●ubatorm prediction
algorithm;

(2) Implementation of a workable spacecraft
charging algorithm;

(3) Analy:ia of spacecraft operational
anomaliea on short (< 1 day) time acalea;

(4) Elimination of obaoleacenc data
acquialtfon ayatema; and

(5) A reduction of data handling manpowar and
tape handling.

We conclude that background environmental
●enaor ayatema at geoatationary orbit have broad
and valuable scientific and engineering
application. The uae of data from euch ayatems
can be of considerable benefit over a wide spectrum
of operational conditions. Thus , such data are,
●nd WI1l continue to be, ● powerful resource in the
continuing uae of near-earth apace.
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