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ABSTRACT

Znergetic electron (30-15000 keV) and proton (145 keV - 150 MeV) measure-

ments made by Los Alanos National Laboratory sensors at geostationary orbit

(6.6 RE) are summarized. The instrumentationenployed and the satellite

positions are described. The spacecraft have been variously located, but in

their resent configuration the Los Alanos :atellites designated 1976-059,

1977-007, and 1979-053 are located, respectively, at m70°W, @70°E, and *135”W

longitude. Several exaanplesof the high temporal and full three-dimensional

spatialmeasurement capabilitiesof these instruments are illustratedby

exanples fim the published literature. Discussion is ala given for the LOS

Alamos Synoptic Data Set (SDS) which gives a broad overview of the Los Alanos

gwstationary orbit measuremwlts. 7YIeSDS data are plotted i;lterms of dally

average spectra, +hour local time averages, and in a variety of statistical

formats. ‘lhedata Summarize cundltl~n!?from mirl-lQ7(~t,hrdu~hl~7R (S/(’

lQ76-’~F~)Hnrifrun early 1Q77 thr~up,h1Q7R (S/C 10’77-0n”7). Tlw SD::cMlpll:l-

tlons prcserlt~ curres~nrt t.,mensurfment,sat I’I”W,70”W, and 1?l-)”W p.ou~.r;ll~))lf’

lonRitJudcand thu~ nre Infiirnt.ivr of Cundlt.ii)n$at ~“, 11°, and J1.~” Rc~rn:lr-

nrtlc lat.ltud~,respect, lvcly. Tl)e bulk of the 7.lT~replrt.profirnts ri;+tnpi,?:;

whlrh art” org.lnl zod ~rr~)rdirlg t.u CarrlrrKt~)n s~)lar rt)tat.i~)n!! and , ns S!IPII , t tIP

ctoto aro rriwllly rlrnp;lr;]blot,).%Il;Irrot;lt]~~n-d~’~1~’tlfir’rlt.lntPrIIlnrrc?;+ryf’lIrIliI-

tions. POtf=ntI;J1nppltrtlt ii)ns of” tbr ~yrh~ptir rl~t;l :%t (av; lllnt\lt* to ;111

ln1ero31 Pi lJs Pfn lrl ,hIrIr IW1 ] nrr ~lnf,:I:::lf.Ii .
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Introduction

The geostationary orbit is a region of considerable human activity in

space. At this location, 6.6 RE (42000 km) from the center of the earth, a

spacecraft appears to renain fixed above a given point on the earth’s ge-

graph equator since the orbiting satellite currpletesone revolution as the

earth turns once each day. This geostationary orbit is therefore very useful

for mmy satellite applications to weather, ccwnunication, and military needs

where it is desirable for a spacecraft to maintain a constant position

relative to particular geographic locations or land masses.

Scientifically, 6.6 RE is also a very ~nLerestinE position within the’

terrestrialmagnetosphere. The geostationaryorbit is at the outer terminus

of the terrestrial trapped radiation reRion (outer radiation zone) and is ala

nt the inner e+dgeof the magnetotail plasna sht=et. From a geostationary

spacecraft platform, thert?fore,.scientiflcInstrument.ationcan pr~~brtho

highly dynanic outer magnetosphere and ran ass~ss bcth the trapped (Vim Allrnl

radiat.lunenvirunmrmt.and thr str~ngly (substorrn)moriulntcf]plnsrnasho(’t

conditions

The l~s Aiamos Natlun;llL.lhurat.oryhns pruvlr-ic~icnrrti,~’lleport]vlc sws)r::

for fin pnt,irp s~rip!i ,)~ gol)st;l?lL)nflry sntollltr:l. Earh of tt:v:lf~ cI)r-rk:(*l 111

part.lrleirlst.runrnt.s,r,)ns]stln~ ,)fsrvotal nlil~syslmx,1::(.;!1lr(ittl(~(Il:lrpr. l,, i

Partirlo Analyzer (~1’A)rxprrimrnt. . TtIrIU1’Apr,witirxau cnvlr~~mncnt;~l

monlf-oringflmrt.iot~f,.~rt.hrj~llnt.lkp;lrt.lllorll,,f’Erlf. rp,y:l’,f.p,ll’t .ml.llt III” lk’~f’!l::l’

snt.pllltoof whlvh tho CI’A1:!pnrt rind,nlst),tlw’!“PApr,wldr:litR1”)IJ;ll

nss~ssmrnt.of m~,lJr*t IJ.nphPr](’ f’,)ntilt Ik)rl:i III it v,tr-lrt y ~1~ Wy:: ( t,} IW [il::~ 11”,::!’ I

below).

Frm mif!-lrl’lht,,t.tlrprqr:loflttlm~’,(“1’AIrlnfr-lmlof]t3 tIiIvrI(’~)llo(’tI*(I(liIt II , Ill

II nenrly rentinm)tlr~nflhl~m,011t.tlrRlu):lt;ltli)flilf ~ ort~ft ~llvlr{)rrnvrrt(;11!)l,IIwl
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sune substantial local time coverage gaps ~xist early in the data set). It is

the purpose of this paper to clescribefdrther the nature of the CPA measure-

ments and then to pr~sent a sumnary of all avaii,jbleCPA energetic particle

measurements mde between 1976 and the curren~ time. In particular we will

describe a c,:,lpila+,itrl of the geostat~onary data “whichis, In effect. an

ove .~ithe very detailed data set actually acquired and tiich we refer to

as ~he Los Alanos Synoptic Data Set.—

S&acecraft and Tnstrumentatior,
.

The data described here were acquired by the rPA instrunent3 onboard

spacecraft 1976-059, 1977-007, and 1979-053. T}ledata from 1976-059 extefld

from July 1976 to the present, Similarly, the data from 1W7-007 extcna from

early February 1977 to the pr,?sent. Data from the CPA or the third sat,r?llite

of this series (1979-053) has been acquired from June 1979 up tu the present.

time. Prior to February 1077, 1Q76-059 was at w 15°W geugr?phir longitude (at

a m%netlc latltudc Uf Q“). Fror Februnry 1977 unw,rti1976-059 was at @ 70”W,

while lQ77-Oft?was located at @lq5°W. Thesp lnt.ter lungittJdinal ~U~it,lLJn!;

map,nctlr lat]tudc).



-5-

the electron distribution are made by LoE each 10-s for essentially all

magnetic field orientations. Each LoE sensor-collimator unit has a geometric

factor of 3.6 x 10-3 cm2-sr and is sensitive to electrons of energy between 30

and 300 keV (in 6 channels). The basic CPA sampling pate is 8 ms, so that.

each energy channe”l of ~ach sensor is sanpled 40 times per 10-s spacecraft.

rotation (i.e. 1200 total samples per rotation).

The HiE subsystem consists of a single detector-collimator unit that is

pointed radially outward in the spacecraft equatorial (0°) plane. The HiE

-2~m?
gcanetr.c factor is 1.8 x 10 -sr and its range of sensitivity is het.ween

[1.2MeV and m? MPV. Since a single collimator ut,it (half-angle of acceptance

~1~”) is ,l~pd in I{IE, only a r-p[ative]y nar-r.~w hanrf of t.hp I]nit sphere ifi

sampled as t.hcspacecraft,rotat,es. For normal, approximately rfipolarmirgn~t.ic

fi~lriorientations nearly all pit,rhangl~s would ho s,aMplPrfby HiF, hilt for

nondipolar (t.,~illiko)mi-rgnot,irfiolrlconf!p,l]r;;tionsoft,rnnnrount.~rodnf’:lr

midnight.n!.6,fIH~, vt=ry1imtt.rdpitrh anglr n,mnplin~ can rr::l!lt..

130tklI,OEnnd l{i~have rpl:it,ivcly t,llick allmirlizo[’ mylnr wln(low!!

inlncdlirt.t~ly tn front cf t.tlr srnnlt,ivp snlift slatt’ fl~t,o(’t.or ~lmn(.nt.s. Th i !:

wiIIrloW rl ITIII);)lv:I f,c\rlt.;~miIl;]ti(J~l ~~y SIIrll ip,tlt, , I)y vm’y II)W 0111-11.EV (f 10 kf~V\
.

oll~f,t r-on~:, and \)y prnt,orl~ I)C”II)W .P 21,11 -{()(! ko~~. lh*I’;III:lr of t his fc;It l]r~’, I.(J’”

prf)v i(!r:: ;I ~’~,l~,;lrl~~ m(’;l::l]r(~metll of t.tIP j ;(10 k,. v 0 lI~I,t I“(JII r(xnlw~rl~~nl , f’r(.(. of”

prot,,l’ ,Ir !r)w on~ru,v pl l(~II;~ (Iont r it~llt ion:: . Irl L}!(’ (’;l! ”,{. [if” Illt, ttlf’

m~,:l::l]rpmp!lt ~1,] 1o:: ,)(, t !lf~ ::,) f“t :Il)t,f.lr.;ll II;It II~.fS ;I!II\ IIIW rvl; lt ivo rllix r,lt 1} of’

t.hr’ ~ {(~(1 hflV~]r”t)tf)r) f i,tl) f.fffr~)orlf!~lt [Il;lkor f.t :11., 1{1”’t)f.l t[, Pf”~PI.1 ttl,.
d-

() . :J-” . () M,*V ,\]PI.fr$OII lflf.;l:;l]r.{.mf~!)t irl tt)f’ I)!”{ ’:11’! ll’l’ (If’ 1,:1[.kp.r(>ltrl,i lo~)::m

TIIImi):;t rI*Ii I.IIt !!;1! I*IiILI*Illt}1!’,1P!”11’:;:ltp,(’,~::t:ltItln;lryorl)it (l(l’f’’]-[)iI{)

l)v:)r:~;1f“lll’1.tll’rPI1*(’It.orl.-mf~,l:llll.l~lll(.lllIll:ltf.lmrent: ttIIIs~II’tr~)m(~t.vrfOI.vxtPt}flIIIi

rl~~t’!r(lrlm(~,~:lllt.mr~]t :1 (!:FE ) . I“tlt’ !:~~ l!l)flltllrlft:, t t]l(. k n,,l [(l ntatc ((i~/dX)



-6-

detector elanents with a bisnuth gemanate scintillator (total E) elanent to

provide valid electron measurements between *2 and @15 ?4eV. The measurement

is made with a large geanetric ?actor (0.15 cm2- sr) and is providing a new and

mprecedented look at the very high energy electron ccxn~nent in the outer

magnetosphere.

The energetic proton measurement at 6.6 RE is mde by t~m sepal ate CPA

particle telescope systems: LoP and HIP. LoP is a single ‘thin(~40 u, or ~11(1

p on 1979-053) surface barrier solid state detector in front of an anticoin-

cidence sclntillator elene,lt. A sweep magnet is part of the LoP collimation

system and eliminates$0.!5MeV electrons from entering the LoP sensors. LJP

-3
has a geanetric factor of 3.9 x 10 cm2-sr and measures ions (which we iden-

tify as primarily protons) in the ranqe 14!5 to 560 keV (10 channels). The HIP

is a four-elenenttelescope consistinflof three solid state detectors encased

- in the ftiurthsens~r element, a plastic anticoincidencescintlllator cup. HIP

also has a sLrong sweepingmagnet tu eliminate contaminationby $ 1.0 F!eV

electrons. I%e high-energy proton telescope measures protons betwen 0.4 anti

150 MeV in 16 quasilogarithnicdifferential energy channels with a gemetrir

ffrrtorof 4,4 x 10
-? mp-sr (*R x 10-7 m~ ..srfur Ep > 25 Me’).

As in the raw’ Gf the electron sensors, LoP and hiP on 1076-059 and

1977-007 (but nut on 197~-(lG~) have pas~ive winduw elements to malnl,ain

light-tightoperation. Like the liiE,th~ pr~t.onsensors consist,of on~

ct~lllmationvi~’wd].rect.l~~n([)0,in t.h~sparerraft equatorial plan(!)S,) thnt.

pitch angle covermzc is canplctr for a dlp)lar mwrrot.irfield tJrlPnt~tlOn, t)lIt

is Incunplrtc fur nonciipulnr(t;llllll~())mw,nrlic field. M,)rrttlor,)llwh

de::rriptionsand Illust,rat.ionn~~ tl]cLoP id lliPclmncnts of the CPA (:mfl

results therefrm) r+rccuntainrd in swrral PIII!I l~hd pnpl’rsTl+elli?n t.1 iIl . ,——— .. ..-—. .

1[)7R, 1~~1: ~~k~r et, n]., lo”/(~~~.—————_--—
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Data Processin&

Fran 1976 through 19’78,CPA data were processed by a set of ~tPhaseIll

analysis canputer codes. The basic directional count rate arrays were read in

by the programs on a rotation-by-rotationbasis, particle anisotropies were

calculated [Higbie and Moomey, 1977], spin-averagedcount rates were formed,

and 2-hour per !’Famemicrofiche plots of all quantities were generated. Thus

a high time resolution (10-s) archival data set of fiche plots was produced.

IrIddition, as the spin-averagd data set was generated, CPA data were stored

to form a broader average data set (with a basic the resolution of one hour)

for

the

all particle parameters and the cancatenateahtiur-averagedata tapes form

basis for the Synoptic Data Set (S9S).

Usil)gthe hour-average data tapes, a subsequent ccmputer program Stirted

data for each day Into eight local time bins each of J-hour width: 0-3,

3-6,. ... 21-24 LT. T?IP sorted lucal time sanples were then aticragea together

to give mean particlt count rate values, etc., for each of the eight local

time se:tors. rnis l~cal time wrting in the SDS was expected to take acc.un!

of the strung local time (diurnal) variability that energetic part.irl~s

exhibit, fur exanp]c, dm tu drift-shell sp!lt,t.inp,efferts.

It is well-knuwn that interplanetaryconditions substantially affect.the

ener~et,lc particle poplllat]un at geustat,lunary crblt [Paul ]kas and Plak~,—.———— ..._-.—_ ..-.

1978, 1137~:Raker et. al. , 1~’~~h,cl. This ef~~ct., or rent.rt)l, apppars tt; b~—— ..

prlmarll y thruup, h tt](’ (’ffect, Uf %,lar wlmi blllk spocvt. Tt. IS furthc:’ kn.,1~1

that.th~~solar wind paranrt, ors often unrirr~o a rwl]rrent and ql]nslprrldl[’

Variabi]lt. y dlm tu luP}” ! vfxi m lar wlnd st.r[~nlns mncrg PIIt. frum t 11(- sl]r]

[Felclmqn .Pt, R1., IWR]. Thus, Paul lkan and lllnkr [lfl-lq”l and Ilpkcr et al .—.----- .—..——---

fl~7~t)l fulmfi that. l,,ng.-t.orm Pllvrgollr Ilnrtlfl’ ~1 IIX v;lr”lat.1.)ns CUII1(! br
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uell-organized by plotting data jn terms of solar rotation periods arid w have

used Barrington solar rotations to organize the Synoptic Deta Set.

The l-how average data were used for several types of statistical

analyses that fornr major prtions of the Synoptic Data Set. These statistical

studies involve, for exarrple, assessments of probabilities that the !lux of a

particular energetic particle cunponent muld exceed my given flux value.

These statistical studies (to be described below) are based on similar

analyses perfonrred, for exanple, by Paulikas et a~ [1969].

From 1979 to the present the CPA data have been processed under a set of

‘Phase 1P prograns. In addition to the 10-s fiche plots, etc. which are

essentially identical to the Phase I output, Phase II analysis produced a

on-inute average data tape output of all cunputed parameters and it produced

a greyscale energy-time spectrogram output. An exanple of the E-t spectru-

gran, which IS cxtrarrely useful for survey purposes, uill be presented beluu.

~xarnples of thr= High-ResolutionData Set—.

In ordvr to illustrate the possible uses of the Los AlmrIassynchrunuus

orbit data set, w will present figures that have been used (or are bein~

used) in the context of various scientific studies.

Figwe 1 shu~ an exi=rnpleuf the greyscale energy-time spectrogram furmnt

of the Phase TI output. The exanple shuun in Figure 1 frum WC 1977-007 was

generated fur a substorm-eventstudy on 8 !+cptemhcr1977; the CPA data have

been regularly prucessrd in this funn beKinninR with the Jnnu:lry 1Q7Q data.

Each E-t spt?rtrqram summarin?s 17 hu~s of CPA dat,n: elert.run infurmatl,,n

In the top four panels and pruton (ion) Infurmnt.iun in the luw~r fijur pnnols.

In FIRIIQP 1, data rm fium 0000 IIT tu 1700 UT (r.f. scale at the t.ut.t.m or t)lo

figure) un 8 Septemhcrm Tho tup thrw pmrls in each grouping (electron or

proton) sh,~w dir~rt.lunnl flux Inf”,]rmat.iun. Tho top panrl (1, ❑+1) ~orrr:~p,ln(is
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to field-aligned particle fluxes (~ = cosa: a $ OO). The middle panel (1.I ❑ O)

corresponds to local a # 90° particles. Likewise, the third panel (u ❑ -1)

corresponds to a $ 180° particles. Energy is shown in the ascending vertical

scale in each panel (30 keV to 2 tleVfor electrons aljd@145 keV to 2 MeV for

protons) . me log of the differential particle intensity is shorn by the

greyscale reference bar at the left of the figure. The fourth panel from the

top, and the bottom panel, summarize >30 keV electron and >145 keV proton

pitch angle distributions, respectively.

As Figure 1 show, the E-t spectrograms allow a very rapid visual scan of

the tenporal and spectral variations of the entire energetic particle

population for a given day. Erifting ~lclo~sttof energetiC electrons and

protons can be discerned throughout the period covered in the figure. AlSti,

note that spacecraft local time (hours LT) is shown along the top of the

fig ure. At @07~ UT, i.e., when the spacecraft was at *223(3LT, a sharp,

intense particle injection was seen. Note alm in the >qfikeV electron pitch

angle panel that this substurm particle injection was preceded by a very cl~.?r

“cigar phase” in which a m 90° particles were strongly depleted [Raker et. a’ .,

19781. Thus, both intensity and pitch angle variations can be readily

discerned in the E-t spectrogramsof the CPA data.

Since fully thre~ l~_mensionalclectr~n dlstrlbl]tiunflJnctiunmeasurements

are a ~ime feature of the CPA, w have develupe(inlm~ruus display furmat: t.,

show the 3-II

taken !YUM a

1976. Thesc?

distributions. An exanple is shuwn in FIKur~ 7 which is a~ain

substtirm-event, study based on data arcrjiredon 2!3-,TqDcceml=,”r

pselld+thre~-dticnsiona! pluts ahuw th~ half-space with elertr.,n

kinetic enerRy (in kr=V)parallel tu the mm,nrtlr flrld (F ) and kln~tlr
II

energy perpendicular (E ) t.(.) th~
.I_

field forming the y- and x-dirertluns,

rt=sp~ctively.The nwnb~r uf :rrt=a:~urdc,,lmts(pr 1?ms sarrple)furms th(~
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third, or z-direction, axis. me substorm lmder study in Figwe 2 [Baker et

al., 1981cl occurred at 0100 UT on 29 December 1976. As the sequence in

Figue 2 Illustrates , the a $ 90° electrons are strong l:’ depleted relative to

the 0° and 180° pitch angle particles before the substorm expansion onset.

hfter the suhstonn (bottom panel), the fluxes are greatly elevated and return

to the normal ‘trappedH dtst.ribution witn perpendicular iluxes exceeding the

parallel flues (j
1 “11)”

The CPA data allow Mgh temporal, as well as spatial, examination of the

electron distribution function. Figure 3 shows an ●xanple of such data taken

frcxn a study of strong

[Baker et al., 191?lal.

90° electron flux as a

electron pitch angle diffusion at synchronous orbit

In the upper panel we show the (nearly constant) a $

7 2 -1
shadxi band at @6 x 10 electrons (an -%sr) . Tn

contrast, on every spacecraft rotation the CPA sensors sanple directly in the

atmospheric loss cones (centered on a ❑ 0“ and a ❑ 1800). Very large ana very

rapid fLUChJatlOnS of the los%cone fluxes (>30 keV) can be readily discerned.

This suggests that with the CPA ue can begin to prube the temwral variation

of equatorial energetic electron loss cone !luxes caused by resunant

(uhistler-mode) wave-particle interactions.

As a final exanple of hig%resolution CPA measuranents at synrhrunuus

orbit , w nresent high-energy prutun (HIP) data in Figure 4. ~PSP data,

taken frun ~elian ●t al. [19R11, illustrate the prmuunced t.mpural varintlons

often mdergune by the vwy en~rgetic (>?C)CI keV) pr.~tun cmpnmt. . As s~~n by

the inset in Figure 4, a clear suhsturm onset occurred at, 2250 UT tin Ill !lpril

1977. At this time S/C 1976-059 was at *lflnn LT nnrl the CPA roglstmrwi a tw
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order-of-magnitude increase in the *500 keV differential proton flux. (Note

the time structure discernible with tne rapid CPA measuranents. )

As show by 13elian et al. [1978, 1981] and Baker et al. [1979cI, the first—.

of the recurrent proton flux pulses such as seen in Figure 4 Is due to a

substorm injection of newly accelerated protorls ill the premidnight sector of

the outer magnetosphere. T’h~.~ injection IS quite l~ited both tmporally and

spatially such thet a ‘pulse” af protons is seen. Subsequently (at least five

times in the case of Figure 4), t?e pulse of protons drifts azimuthally

completely aromd the earth. Eacjl energy channel shows a arift-repetition

time characteristic of that p~oton energy. These proton “drift echoes” have

proven to be ve:y useful tracers and probes of m~netusphere structure and

substorm thing [Belian et al. . 1978, 1981 ].

Long-Term Average Behavior of Particle Fluxes at 6.6 RE

Just as the %’ery high ttie-resolution CPA data have proven valuable i~

stuales of tne terrestrial m~nt?tusphere, m too Rave longer tsrm averagt=s

proven useful. In this section we will touch on a few of these topics.

Flgwe 5 illustrates a one-munth rm of data frm t~ selerteft CP4

electron energy channels (upper panel). The 2nn-?On keV and the 1.4-2.0 HP”(

da]ly-averag~ flux~s fur Octub@r !076, as shuwn In Fium~ 5. rxhlhl: a ma::

relatlve increaw early jI the munth and shuw a very larg~ increase later in

the month (&twren *15 and 77 OcLubPr~. ~ese data fium a ::tlJdyby Faknr c1—...

al. [lq7Qbl were fi~llnd t.LJ W typicd~ or the prriud lQ’’6-~7. As sh,,unhv tilt”

luwr panel of Figwe 5, the hlRben*rgy e!rctrun inrrea%rs at synchrun~,lls

orbit are ohviuusly relat~ri to inrr.’as~s of th!’ s~,lar wind hulk flokm sp-~~.

Figme 6 shuw an rven !)ruari(”r VIPW Ur t.ho t.Iin(~ ?l~riF,Sr.,rmd by tho

daily-avrruge flux values fiJr the twu selt=ci d CPA p!rct.rm ch?nnplq ?huwn In

FiRu~ 5. AS the r~f’,.1,.r]o~ !Jar ahov~, Part] t]mf prufllo lllust.r~~tos. tt.(’r~’ ;Ir’”
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very clear Period ici ties seen in the electron fluxes with the hl~hest. fl uxes

recurring every 27 days . (In inid-19T!l this p~rlodicity tends to break down. )

As seen in Figure 5, it is quite obvious to associate th~ 77-day periodic flux

variation at 6.6 HE with the appearance at earth of higkspeed solar wind

streams ihich often recur u;r. h the 27-day perjod icity of” the solar rotation

rc. f. Feldman et al., 197q].—- . .—-—. —
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..“

largest ‘SEEn event we have fomd to date, b’.lt. SEE measurements al so reveal a

rather frequent occurrence of very high-energy el~ctron flux incr~ases. Thus ,

the SEE sensor is providing a new perspective cm the outer radiation zone and

may allow us to unravel the mystery of where the highest energy electrons cane

From .

Tht’ Syrloptic Data Plots—.. _. _____ _

Prcmptec! by long-term resultq sl]rn as t.hnso seen in Figures 5-?, UP

c(xnpilwi the Los Alamos Synopt.j,- Data %: (Raker et.al., lQQlbl. The SDS------

plots are divided into two parts: ~nr.for 5/C l?7’i-Q5qand on~ for !i/i”

lq77-oo7. As di.seussed above, the p-riofis of data Poveraue from tho t.wn

spa[’r=craft. Inr}lel y nvrrlap and inst.rwnent.atlon is es.s~nt i ally iien}:f ial .

Tner:”fnrp, rf!fferences h~twccn thP m=lxurmnpn?s n!’ t.ho CPA’S nhnard +h$> ‘w’,
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added to each plot. These include four dashed lines running entirely acr~jss

the solar rotation period connecting the 9pectra at tuur specific energy

channel points. These dashed llnes are intended to help the user visualiz~

tile“spectral surface” that the CPA determines fur each wlar rutatlun Perlua.

The Iuwer part of the daily spectrun page illustratesthe variation in

proton (Ion) alstrlbutiun functluns abuve 145 keV. As may be noted fur C. R.

-?
# 1955 dau, proton fluxes typically reach a background level of ~1~

(an2->sr-keV)-! at.Fp * 1000 keV. Ihus, althwugh the CPA makes prutun

measurements up tu 150 MeV we typically show the prutun spectrun Unly up tw

D,J, MeV. hrln~ sular flares. ur uther Porluds uf exceptlunally largi~hlgh-

energy proton ~ux, we extend the plut,tedprutun en~rgy ranpe appruprlatt=ly.

AlthUuyk nut shti~ here, In the SDS w al.% pres~nt tw.,-dlmmsl~,na! r]ux

pruflle plots sunilar t.u Figure 5. The YYnuptir pl(jt.s uf t.h)z tYpP, hi,w~i’~r.

sh,,w Me flux pr,Jf’lles broker, d,~h-, arruralnp, t.,, ~arr]n~tt,n r,Jta?lUn nmhcr ,]:::

a,so ?Jhuw separat.vpluts fur ‘)rlort run rhanncis and 1’) prt)t(m r!l:+nrlr’! ::

; eragcq uvcI” J-h,ur l.jral time pr.)lq~ln~s as flor-r~bofl prcv 1,.IJ:.I y.

In essenrr , t,h~ ~taf.kpd-spprt,r~ p],,ts gIV@ ,an uvfrvl~u lIf th~ sp!’r+ r;l!

,nno tt=mp~ra! v~r]ahll It y ~,r W(I envrp, rt lr pnrt.lrl~ IxJpllln? l{)nc ‘,, r ;)rl v F, II, f,f,

n,, ]ar rutntlin perl~~, Thes* smn~wha? qllnlltat lvo r~sl]l?n arP r,rnl’lm~’n?f’: ‘ ‘i

th, m,,rc art ;II ]PII l,,(-;~l-tll~~.%,rt,m rin! ;I pr’,,vl,lod in Ihr tM,-o]mf’r]::],)rl I:

fl ux-t lm~ pluts. ~’y,,nd this ]WP] L)f fi~tn]l , P. R., f{)l” W:llllilt 1(,H (If” Vf’f V

(iet. nllf=o part ]r-lr var la! 10.:n f~:l!ljrf=s , p:t~.); ang]~ Cff’r-(’f > , nrl,l ,)t hr. r



statistical evaluations were made over Deriods long canpared to n solar

rotat i an. The flux probability plots, such as that sho~ in Figure 9,

sumnarize the chances that, at any given energy, the integral particle flux

(an-2-s-1-9r-1) 411 exceed a particular value. ~ese plots are expeetea t.

be of interest for instrument design, spacecraft engineering, and

envlrumnental monitoring. ‘lhey may be of especial interest to operators

louking at energetic particle data in real time by

providing a baseline for th~ interpretat~onor prediction Vf rapid variatluns

in particle fluxes.

Applicatl,uns and Sc~entiflc IIsesUf the LUS AlamUs Data Set.——..— — --—.—— ._-—____....-.-—..——
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We expect that the Snf can also be useful in evaluating eVent9 .,finterest

to the applications comnunity well-after these events have occurrea. For

exanple, spacecraftoperatlunal anunalies or atmospheric disturbances (affect.

lag radio propagation) can at times be interpreted i~ terms of energetic

particle enhatlcements in the outer m~netusphere. ?he data presented here

(and those data which continue to be collected by CPAS on orbit) are readily

available for use by the appl]catiuns ccxnmmity for their needs. Data are

also available from these satellites in real time for qualified use)s in the

applicatior,scummmity for environmentalmonitoring pllrpuses.

hl’.~l,inthe scientific cmnunity, a major gi~al is tu cm’ to a better

understanding of m.~n~tospherlc structure and dynamics. Relevant quest.iuns

include Wherf? energetic plama particles originat~, hud thf?pijrticl~~ are

subsequently transported, and fIow they are evmtuclly lust (OCR., preelpLt.ate(l

into the terrestrial atmosph~rc). l.onR-terrr. overviews of th(’ t.imr varlatiuns

,J!’Pnergot.lcparticle fluxPs sll(’)1 ;1:+ ~lVP~ by t.hr S1’!~ ra:] !Pa(i t.(1 a bot.tel’

predirtivc capnhllit,y in tho future l-f. Paul]kns and Dltlkv,1~’~P,lt~’)q;. .. ..—..-—-.-...—-

Il;phiot’?al., IC)7C): fl~kp~ pt o]., Iq’’’l~,:.: Wpst (*t a],, lQ’TO1.
. .— —--- .——-- .- ---- ..-. .- —-- ., . .. .. .. . -----

A m;!,j,)r p,,int i)f prcncnt.ln~ this pnpcr at. this ~ynl,,,,’itllmis t.t~;lf.t)lo

lnlornif!]un;Il Map,nrt,,,sptlf}r.lf’ St. IJIiy (TM::] w;I:; ,]rp,;lni z(*(I t,tJ R;II II :111 ]m[)r,, vr. ]

unrlrrst nndln~ uf t.hv t rrrrst ri;Il mw!nrt. i)nptlrrr. Tt)r ()~)!lOPV;lf ),)11;11 J)tI; I:; II ,)f

t.hr TM:’ cxtrr, dml fr, m 1~1’/”/ t.t)l.,,llp,ll lQ’111. TtIol’rf,)rf ’ , thr [,\): I Al;lm, )x

Synct]rt,n,,lj5 orl)lt lJ;If:I 5PL a:l prrnont. r[l hrr~’ ~}v~’rlnp:: r(Inplvtf*l y wlt II t 11~ lt4~~

ub:IPrvnt 1 MINI PISI.I(JII nnd prl~v illf’:~ n VW”y rrl~vnnt d;~tn l)a~~~ f.t)r rM::

Ctrnpnl.nt Ivr ntl~lir:l. WP St riln~l y Pllf’llllrnp, f’ t.t)l’ :1(.irr)t I f.i(~ (.(~ll]nil y t ,1 11!;11

t.tl~ ]A]fl ht;lmil~i f).’lt ;I :1(’1 [Ifl il b;)fli? f’111” f’v:ll Il:lt IIiti p,f”rlrr:ll rllr’1’~vl )1’ 1):11’11,’lf’

~onditilInS irIt,hrmitqr)ot~)st)hw”~nn(lw l,~)krIJf’W~I.d t~l !’{n}prr.lt lvo stlk!lf’!: {If’

m~n-t (lsp)irrl(’ pr\lf IPnnIS:I WIttI~)thvr Illtf’1’f~!lt ml I. F:lr;ll”(’ llf*f”:l.
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Figure Captions

Fig. 1. A greyscale energy-time spectrogram summarizing CPA data fr.*m S/C

1977-0C7 on 8 September 1977.

Fig. 2. Three-dimensional representations of the CPA electron count rate

versus perpendicular (E ) and paral.:cl (E l!) k~netic energy (keV) for

2359, 0031, and 0156 UT on 28-29 December 19’76

Fig. 3. High taporal resolution measurements of the >?n kev electron fli~xes

at synchronous orbit on 111 September :x6. The trapped (o $ 90°~ and

loss-cone (a ~ 0“, 18GD) flu~eg are gho~. 711e bottom panel shows

simultaneous Narssarssuaq riorneter dat~ [i.e., data Indlc!atlve Of

electron precipitation at the foot. of t-he flelrl line passing near S/C

1976-059 at 6.6 RF).

Fig. 4. High-energy proton drift-echo data mw+sllred by the CPII aonkwrd S/C.

1?76-059 l;~te on IU April 1~~77.

Fig. 5. Daily average elent.ron Tluxw (upp~r pan~~l) rnwrsur[d hy t.ho Ct’11

durirlg f)ct,ober 1976 cmnpared to t,hn t?onrurrontly m~asurrd solar wind

bulk speed (lower pnnel). A clear rorrrlni inn ht=t.wmn synrhronnus

Prt.ron fl IIXFS for port ions

rl t.y ill t.ho f] llxf*5 i :! ::1’1’n .

!’(>1” 10-.7(1 illl~:l, 10’1!). Th I*
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Fig. 9. Flux probability

for S/C 1976-059

plots for July thru~h December 1976. The data are

and the upper panel show electron data with

integral thresholds (from right to left) of Ee >30, >65, >lUO, >200,

>4?(), and >930 keV. The lower panel summarizes flux probabilities

for proton integral thresholds (right to left) of E >145, >175,
P

>215, >290, >400, Moo. >800, and >1000 keV.





m-

I

S (“ l~h (WJ
114TI: 7(IIXR TIM} JI’W

..— .—. .—. .—— —.—. — .—. ...—. ..__ ._

I
~)\(.H~(,\,,l ~ f)~~ll

.,

1,

< , ill-f, {)-,11

1’!11 “:lml.!.?n 114!1”olwl



I , 1~’L 1 .i..—~’ I .L.~ —J—L—_uJ

r .——.-—........_-—----.
I

NARSSARSSUi10

~-=

‘ !>”T

J

.

!,, -;,6 -., ! - -,-.=r&.. _L? . . X“m tip .–L.+ .-L_.~. -.l..~~+-+ - -



,~5

I04

LOCAL T 1ME
1800 I 900

I I I I 1 I I I

S/C 1976-059A
ZOsTATIONARY

ORBIT

/- -1-

L!PM
22 24 h UT /

A A 1A
2200 UT

i

I t

2300

4 APRIL %-7



pn. bnaaaa, ,lm .,, ,,, ,,, nm. ,., ,,

4 r II IQ Il. Pl ;, #u ‘W’‘ ‘Y
Ocromlm 1976



1977 I~ ~1978 —
IOGr ....———

-i-tl-+%-wt--i“-t+-t-i-

c.(Al
-.— — — -. —.

0,2- 0.3 MeV
-. ——

r .-———..-—i-tit-?-ttfI ; t-~-t”t-—. ..
t

10’

103LJIllI

1.4-2.0 MoVL(0)
,02 –~-_.A. .-l .~L...

500 700 900

DAY OF 1976 (EXl”ENDEf))



— .. —.
1

SYNCH!? ONOUZ ORBIT I

LOCAL TI ME: 1100-1300

I

I

—. .. .. —-.— .--..—. — — —— .—.—. ..— -.— _ ._.. —.- .. ..—



s/c 1976+59 . ..-, ,.. .
,.,,..

,’. **. .

--,.
. .

SI’ART

,,. ,... ,

?-20–76
.

SOLAR ROTAT1 ON 1955
——

s/c 1976-059 ,,., ,,1, ,

~]’A [~’1’ 7 20 7fi Sol,,AI? R(Y1’A7’lON 10!W!
. .......—.-..-— -,-+ ...-...—-..-—.. .. ...-----..— -------.—..------ ..— -—.- ........ . . ._____-.-——..... .

\ ,,
!’9’



ALL U)CAL TIM= PERIOD 070176-1231W

FLUX PROBABI LIT1 ES
M

10

as

aB

a7

M

as
u
ma
u
al

U

+1

,.—.. — ..-. —.— - -.- —-.. —..-. .---—. ...-— _ --- ——

-- .. --—-— ...-. .. .. .. .. . . -. -. ----- .——. -

ALL LOCAL TIMH PER 10D: 070176-123176

FL(JX PRC)13A131I,IT1ES

2 “1 0
LXX J; l“AIiTl(’k “(’M: S SR4

e

. .

\, ‘!


