
'1'11t. ISEF; I and  ISk:F:-:! spncecraft explored the outer  magnetospheric en-  
v i r c n ~ ~ ~ t ~  t o  a t  2 I radii. T11c MEPI  instrument provided da t a  1311 

c.1tctro11 fll~ut-s i n  thc. t-nergy ralljir 22-1200 kt*\ '  \Ye present results of a silr 

vry of  ,I c o ~ ~ ~ p l v t r  da t a  w t  of   so tropic t-lrctror~ fluxes m e a s u r ~ d  by t he  ISEC-1 
spm tbrraft I)ct wren Novc*rn t1c.r I077 and Scptern h r r  1979. This  analysis provideq 

an  ovt-rvit,\t of t he  morphology of t~ltv-trons a t  thrse energies, describing tht- de-  

pendcncr  of t h e  electron fluxt*s on geomagnetic coordinates and local t:me and 

showir~g the. I)robal)ilitit.s of givt.11 particltx f lux Itsvcls being exceeded. 

. \part .  frorr~ its gc*nt.r;~l i r~trrvst .  this i n fo r rn ;~ t i o~~  is useful in  performing vn- 

gin(-crir~g evaluations of spacecraft-environmental interactions. ESA is planning 

or assrssing a number o f  missions which will use. highly eccentric ear th  orbi ts .  

Potentiid prot)lems caused by the particle environments in these orbits include 

spacvcraft charging, deep dielt.ctric charging and electron- and  bremsstrahlunq- 

intluctd I)iirkgror~nd in detectors.  

C\'v corn!)arP meas l~ r rd  particle f l u x c ~  with t tic IOIV-energy part of t he  r l c r -  

troll radiation hr l t  rnoclt-l .\I.:$ and find signitirant ciiffrrcnct~s. Electror~ flux 

~ ~ I I ~ I ~ I I ( . ~ ~ I I I ~ ~ I I ~ S  stst-TI th ro11~111, !1 t  the  r n a q ~ ~ t ~ t t ) s ~ ) t ~ t * r t ~  d ~ ~ r i r ~ g  solar (,vt,ntc. 

St.vvr;ll f l~ tur t -  I':Si\ i)roqr;lrllh will m;lke ust- of highly-cc:crntric s y r ~ c l ~ r ~ ~ i i ~ ) r ! s  
, . 

orhits Tor sp;ic.c.-t~st.d i ~ s t r o t ~ o ~ r i ~ .  Iypic.;il of this type of orbit are  t hc  2,I-hour  

orbit  wit11 ;ipogw i ~ r 0 1 1 1 1 ( l  7 1000 ~ I I I  and the .LH I~ou r  orbit with apogee around 

12OOOOkrl1. 111clinatio11~ 1 1 1  t h t *  rallRr 7" - 60" are pos.iil)la. For astronomy, t11t.w 

or1)its provi(le t~xtt-nd(*cl o b s ~ r v i ~ ~ ~  time, rc.dl~c-t.cl interference from t h r  n ~ a r - t l a r t h  

t~nv i ron~nc~n t  i ~ n d  good ground-stat ion e o v r r a y .  Similar orbits are 11ndr.r con-  

sidcrat.ion for h iqh - l a t i t~~d r .  c . om~n~~n ic ; l t . i on~  satvllitt-s and navigation satrll i tcs.  

[ ' S  A I I ( I  Sovivt prog..i :~i , L I S ~ I  makv ust3 of \ ! ~ r h  orbits. Clt~arly t h r s r  orhits ivi l l  

p ; i s t t h o l ~ g l ~  thc. ' r ;*~:*.(*cl ~ ; I ( I I , \ ~ I ~ ) I I  t,vIt ,. thr1111<!1 p i ~ r t s  of thy magnrtospl~c~rt* 

well ~ I I O W I I  for t-lrct rost , ) t i c .  ( h # t r  g ~ r ~ f i  ~ ~ r o l ~ l r ~ ~ ~ s .  .111(l  i v1 I1  also he exposed to solar 

particle- I l ~ l x t ~  



'Tile work outline-d in this papcar 1 ~ ; ~ s  prompted by t he  need t o  evaluate en-  
vironrner~tal i ~ ~ t r r ; ~ c t i o n s  a t  the  high i~ltitllclc.~ (and therefore high geomagnetic 
L - V ~ I I I P S )  ~ P ~ I c I I ( ' I I  I)y S I I C I I  orhits and hy the! lack of d a t a  froni these regions i n  a 

uscable: forin. .\lost, cli~tii rc la t i l~g  to chargi~ig and energetic particle interactions 

i l l  Ear th orllit c.ont.c.r~trittc or1 ~~~~~~r nltit11dt.s. T h e  gtwstationary orbit is partic- 

ularly well covc.rcd. T h c  AE8  rnodel for t l ~ r  energetic electron environment only 

gives d a t a  out  t o  1. 1 lH,  . 
El~vironrnc.ntiil-ir~ttsractio~~ concc-r11s include electrostatic charging of sur-  

faces :Frezt.t tBt a l . ,  19891, deep-dit.l(-ctrie: charging, and interference with t h c  
detectors  of t h r  p i ~ ~ l o a d .  Detrctnrs  flown on astronomy satellites are very sen- 
sitivc and  a r r  s l~scept ihle  t o  background noise caused by t he  ambient particle 

environment .  Pr imary  or secondary particles can cause this background. X- 
ray dvtector s!.strms using graz ing- inc idv~~ce  mirror systems a re  also potentially 
expost*d t o  pilrticlrs scattering through the  mirrors. 

Recently, much a t  tention has b w ~ l  given t o  the  correlation between rela- 

tivistic e lectror~s (of 5 .veral hie\' in energy)  at 6.6 R, (Rakrr  e t  at., 19891 and  

their effect on t he opt-ration of geost,ationary spacecraft [Rakrr  e t  al., 19871. T h e  

.A E8 rnodvl is poorly suited to  evaluatr  these effects for higher al t i tude eccentric 

orbits. For such an e v i i l ~ ~ a t i o l ~ ,  extrt.mrs of fluxtbs a re  nerclec! rather  than average 

,*.;3 111 t - 5 .  

TIIY .\Es rnoclc.1 p r~~v ic l r s  avebragc. orn~~idirect ional  c l rc t ror~  fluxes ranging 

i l l  c a r l r . r g  from 40 kc\ '  to  i 1It.V. I'll~xrs a t  t h r  high energy :imit a re  mainly 
c~xt rapola t rd  irorn I1,wrr rnergy d i i t i~ .  :11.:8 rx t rnds  out  t o  1 I R . .  Extrapolat inl~ 
from lower altitlidt- (lilta is often 11sc.ci t o  providr values a t  this outer radial limit. 
The. :\E8 rl~oclcl is a static. rnorlc.l a1111 taktsa nn accour~t  of tht. many dynamic 

proccssses tvt1ic.h ilrc. known t o  occur i l l  the. magnetosphrrc. ovtsr short t ime scalt-s. 

l ' l ~ ( ' r r -  is i11~0  no d t .pc .~~~le~ncc  on gt.on~qnet,ic:  activity or on the, interplanetary 

~n;iqr~t-t.ic fivlcl i11i11 :ml;~r wi1.11 c o r l ~ l i t i t ) ~ ~ ~ .  

.\ local tirrlcu n~od(.l  w i~s  hr~ilt  into the* ..\I.! c*lvctron flux rnotlel and has h w n  
,~ciaptc.d t)y 11s f o r  llsr with r \ E H .  T!lr Ioe.nl t imr variation of the. logarithm of t.hv 

f 1 1 1 . u  is rnocit.llc~ti ;I. s i n ~ ~ s o i d a l ,  chariictc~risrd hy an amplitude arid a phastg tcrrn, 

~ I I I I  1 1  v ;~ryi t~g,  ;IS f ~ ~ t ~ c t i o ~ ~ s  of  v n ~ r ~ y  a1111 I,. 
i ' o l l t i f l t 9 1 1 ( . ( -  I t - \ c * i >  for c..uccwlitlg s r )~ .c . i l i cv l  f1uxc.s c;trl also h t .  dvfint-(1 t)y 1)n 

r;1111t-t I - I ~ S ~ I I ~  t11v ( ; ; I I I ~ S ~ ; I I I  ( I i s t r i l ) ~ ~ ~  i 0 1 1  o f  t I I V  logarithm of t . h t s  f l u x t ~  I I S P ( ~  t o  

, l ( . l i ~ i c *  I I V  .I 1 4 ;  I IIIO(I:~I .  



]SEE:- I was launched on October  22, 1977, as one of thrrt. satellites drsignrtf 
t o  investigate t he  inter-relationship hetween solar anti geomagnetic phcnomrna  
[Ogilvie ( - 1  al., 1978!. T h e  iniiial orbit  of ISEE-I  hat1 art apogee of 22.6 R. ,  a 

perigee of 270 krn, a period of 57.2 hours a n d  a.1 equatorial inclination 01 28.3". 
T h r o u g h o ~ t t  the  year.  t he  orivntation of the  apogrr  of this orhit with rrspc.ct to  

tohe sun-earth line rotates  so t ha t  all local t imes are  sampled. A s  a conscqucr1cr. 
most magr~etospheric  f ra tur rs  wvre visited. Ar. l a u ~ ~ c h ,  t h r  orbit apoget. \v;r. 

almost. at noon local t ime.  The daughter  spacecraft, ISEE-2,  had almost identical 

orbital parameters .  Thr sep;iration of the t w o  sataliites co~l ld  be accurately 
~ o i ~ t r o l l v d  to rniike dual  spact*c.raft measurernrl~Ls. with high spatial resolutinri. 
:\I1 ISI11: .sp;~rt.craft wcrr r q~ r ippc ( l  with a variety of ins t rumer~ts  t o  ~nt-asl l r r  
piirticlts, 111iqitt*t,ic l i 4d ,  t . I i ~ t r i t ,  f i t h l t !  a11d soliir wi11t1 propertitas. T h e  ISEK-I 
satelli tr  also provided d a t a  for t h e  multi-spacecraft International Alagnetospheric 
S tudy  (131s) IOgilvie, 1!)84]. 

'Tl~t.  l lediurn Energy Particles Instrurnrnt '\Yilliams et  al., 19781 was de-  
signed to measure electrons a n d  ions with high temporal ,  angular and  energy 

resolntior~. T h e  hardwarp development was made by the  Space Environmrnt  

Labora tors  a t  NOAA (LISA), t he  hIax-Planck 111stitut.c for Aeronomy (F'RC) 
and  t . 1 1 ~  ITniversitv of Kiel (FRC;).  

'rl~t. rrlergy range of t he  detector  is 22.5 t o  1200 K r C '  for electror~s. I ' i~is 

range is divitlr-d into cight logari thn~ical ly  tquidis tant  char~nels ,  as detniletl i : ~  
I'ablc I .  Oa ta  were also acquired a t  high hi t - rat(* hc~t  these a rc  converted t o  

low hit-r;rtt> for inclusior~ into thv d a t a  stst \vc* I I . ;P .  11: addition. t he  d i rec t io l~ i~ l  

d a t a  provicltd hy s c a n r ~ i r ~ g  ar~cl s l ~ i r ~ n i ~ ~ g  art8 a r e  11sc.d 1.0 produce ornl~i-dircctior\al 

fluxes wit.11 a t.irnc resolution of approxirnatkly 5 rnir~utvs. 



Number 
.. - - - . 

22.5 - 39 
E2 30 - 75 

E4 
ES 189 - 302 
E6 302 - 477 
E 7 477 - 756 

756 - 1200 

Table 1: MEPI Ekctron Energy Channels 

MEPI mrasurements were matic* hv ISEE-1 from launch to September 11, 
1970, after which a failure in tht. powrr supply of the experiment resulted in 
the loss of the instrument. A total of 281 orbits were completed during the 670 
davs of the instrument's operation, starting 1.5 years after solar minimum and 
therefore covering thv 'run-up' to  solar maximum. 

The data were provided to us by D..J. Williams and D.G. Mitchell of the 
Applied Physics Laboratory, Johns Hopkins 'IJniversity. 

:I similar t.lectron experiment was flown by the ISEE-2 satellite, although 
with inferior cnrrgy a114 angular resolution. This experiment continued to  makr 
men7uiements right up until contact with the daughter satellite wns lost, sornc 
ten years after launch (September 26. 1987). 

OR.BIT COVERAGE 

'The s~~itiil)iiity o f  tht, [SEE-1 orhit for  investigating t.I1(3 radiation environ- 
r r~rr~t  for h i g t ~ l  c.cc:c.r~t ric: orbits is shown i t 1  Figure 1. 

Ei1c11 r l c v ~ t r o r ~  I I I I X  rntSas~~ren~t*nt. 111adr hv hll?PI is recorded with a~~c i l l a ry  
ir~forrnatior~, i ~ ~ c l u ~ l i r ~ g  I r ' I '  and posi t~or~ i n  C;SE c.oorclitiat,t~s. hlapping to gtw 
magnetic cnorciir~i~tc*~ requires a svric-s of tra~~sformations,  together with t.hr 
use of a magnritic fit*l(l model. I n  our analysis report.ed here we have used an 
internal model of  t h t b  field. This is known to provide poor information a t  high 
altitudes w h e w  vxtvrr~al current systclrns strongly affect the ficld. However, it is 
~lsed solely as ;III org,;~nisational aid for cornparison with rnodvls and other sal.cl- 
Iitr clilta. whic.h ~ I I M )  Ilsrs an internal rnocle4. In futurc w o r k ,  wr hope to employ 
all rxtc.rnal nlodvl 511c.h as that  dcscrilwtl I)y 'I'sygar~erlko [ l ! )H! ) [ .  The model wt. 

use is the Intrrr~atio;lal Geomagnetic Ilcrerence Field ( I ( :HF)  for 1980 [Pedtlic. 
I982j. In geomagnetic f? .  1, coordinates thrrc is no information ahout local tirnc, 

t tlervlore this is X I S O  (.ornputtd. 
A l l  valid X I  EPI measurements wcBrr  I I I R P ~ C ~  into gcorl~agnetic R- 1, spac:cs 

and the total number of data  point,s aviiilahle in each cc-I1 found. This is shown 
in Figure 1. 'I'he geomagnetic equator is drawn as a continuous line i l l  the figure. 



EI.E("I'RO?I FLlrN PROFILES 

I)at;l cc)\.r*ragr is hc.si a l )ov r  12 H ,  and close to the equator. At l o w r  

altitudes, the coverage 1)ecomrs very sparse, due  to the relatively quick tran3ition 
through pc*rigcc, when cornparrd to the longer periods spent close to apogee. 
Nevc~rtl~eless, clowr~ to about 4 H ,  , the coverage is acccptablr when the spacecraft 
is not far from the magnetic equator. Above 12 R . ,  the coverage is excellent, 
alheit linlitrd in tvrrns of B.  I f  the equatorial pitch angle distribution of the 
electrons is known, it is possible to derive fluxes at  higher B values (higher 
latitutlvs) [(iarcia and Spjeldvik. 19851. 

The* 1)aseline orbits of the forthcoming Shill (X-ray) ,  I S 0  (infra-rrd) and 
FIRST (far infra-red) missions are projected into the geomagnetic coordinate 
systelu to iilusbrate the suitability of the [SEE-1 orhit for the present study. The 
XiClhl orhit is a 24 hour orbit of 60' inclination. and apogee height of -- 71000 
km. I S 0  has a similar orhit, but with a low inclination of 5'. The period of the 
FIRST orhit is 48 hours, with apogee a t  - 120000 k n ~  snd again a 5' inclination. 
Both tile I S 0  and FIRST orhits are totally enclosed hy the ISEE-1 orbit. as is 
the high inclir~ation . Y A l 1 \ 1  orhit below ahout 20 R. 

Figurvs 2-4  :how examples o f  thirty-day plots of electron fluxes in 4 of the 
clight hll.:I"I erlergy cha~~nvls .  Flux increases seen i n  t h e  electron count rates are 
clearly identifiable with the radiation belts, with energetic populations in the tail 
and with solar flare events. LVhen the apogee is in the upstream region, the elec- 
tron flux profiles are vrry clean. with the belt transitions easily distinguishable. 
Howevc~r. when the apogee is situated in the magnetotail, the belt transitions 
are somewhat difficult to isolate due to the many flux enhancements seen on 

r .  

short timrscales outside the t.rapping region. I his is espr~cially t r ~ i e  at, thr  1owt.r 
energies, wt1r.r~ high fluxes artx maintained almost constantly betwern Van Allt.11 

hclt passes. 
S~lpc*rilt~pcmvI O I I  thv tnlt-(.iron flux profiles. arts t ~ x a ~ t ~ p l e s  of solar t . I t * i . t r o r ~  

events whicl~ ilre easily rt.c.ognisaI)le by significant (two orders of magnit utle. i n  
the lowest. rnergy channel) flux enhancements seen simultaileously across the 
completc cncrgy rarlge of thc instrument. Associated with these events are solar 
Rare protorls and alpha partic-lvs. A tablc of solar proton events has been corn- 
piled I)y (;oswarni et al. I l!lqRI. L'sing this t i ih l~ .  solar flare events have hrrn 
i l ~ t l r p t . ~ ~ d v ~ ~ t I , .  iclc.~~tific+il ( t h v  ; ~ r r l ) \ v  a t  thc. hottorn o f  thc tirst panel) t o  confirr,, 
the associittior~ of thv long ttSrltl electron flux t*~~l~nncernents  with flare activity 
on thr  surl i r ~  the majority o f  caws. Some e l e c t r o ~ ~  tbvents have no solar proton 

counterpart. I~~spect ion of pll)t s of IMP-7  and - 9  data :Solar-Geophysical Data 
Cornprehrnsiv~ K e p r t s i  reveals a similarit,? bet,wern the energetic proton t in~t-  
behav io~~r  and th r  time 1)ehaviour of the ISEE- I 11 Lf'I electron fluxes, althouqh 

this i~ not always thtl CBSC. 



Solar flare5 and  shock fronts can also be detected from solar wind and mag- 
netic field m e a s u r r ~ n r n t s  in t he  int~rplanc. tary medium. A distinct signature 
is t he  s u d d e ~ i  i11crc.a~~ in t he  intrrplant>tary solar wind velocity, V,,,., t o  well 
above t h e  nominal valur of 400 km js. T h e  third panel of t he  figures shows this 
particular solar \rilid behaviour ver r  clearly for the relevant events. T h e  solar 
wind velocity clat;i w r c b  obtained from the  on-line database (OMNI) supported 
hy SSSD( ' .  Thcy arc  compiled from mei~surements  provided by IMP-6 , -7 and  -8. 

PROCESSING RESlTLTS 

T h e  hIEPI  da t a  werr used t o  define electron fluxes in each of the  8 energy 
channels for th t -  parts  of B-L space covered by ISEE-1. Average fluxes were 
computed for €?. I, hius and these are shown in Figure ,5 (channel 2)  and Figure 
6 (channel  3). 

When compared t o  predict,ions from the AE8 electron model, we find tha t  
fluxes art. somc.\vhat l o \ v ~ r  than  predicted. Also clear from Figures 5 and 6 is t h e  
severe truncation o f  AEP fluxes a t  a r o ~ ~ n c l  1 1  R,. 

LVithili i I  I I I I  111 111-r o f  I.-hands, n d i s ~  rit>ution nf elect.ron fluxes within each 
, . C I I ~ I I ~ I * ~  was c.rc-ntc.cl. I hesr are  sh0w11 in Figure 7 for 6 -. I, ... 7, 9 < L ,; 10 

and 12 . I, . I:! in thr form o f  plots of t he  percentage of da t a  having fluxes 
helow the  value 1111 t h r  x-axis.  T h e w  indicatr the  gr ra t  variability of possible 
fluxc,s a t  givrn 1,-valurs. 'This kind of processing has Iwen performed in t he  
past for Geostationary orbit  [Bakrr  et. al.. 19811 and for the  SCATHA satellite 
:hIullcn and C;ussenhoven, 19831. Our  rcsults compare favc~rirably with similar 
plots given by 1 1  111let1 and C;ussenhovrn i 19831 in the S(::\T t I:l Environmental 
Xt.las. These plots s h o ~  how t h r  fluxes in the high energy channels remain 
C I O W  to  t h r  I~ i tekro~lnd  lrvel for most of thc  time a t  high L-values (7(c) )  whilt. 
displaying a coris id~~ral) lc  spread a t  low 1, (i ' ja)).  

F l u x c ~  wt-rc. s t ; i t tcr .plot ted against local t ime for various 1 R,-wide L bins. 
- .  I l~vst. arcB sho\vr~ i l l  Figurrs 8-10 for Idlit* energy cliar~nrls 22.5-39 keV, 120-189 
kc\' a r ~ d  3 I ) Z -  177 kc\' rc.sprct.ivrly. I>istribr~tions of particle tluxes were prodilwd 
w i t  hi11 : I - l i c , ~ ~ r  i \ . i f l t -  1oc;il-time bins, froln \vl~ic.li tlit. mean (50% probability) an11 
\ V ~ I ~ S I : C ~ L S ~ *  (95''; j \.iiI~lvs o f  the  Iogi~ri t . l~r~l  of t.hr flux can 1)t- clvrived as a functions 
of I, and 1oc;iI I i r i ~ t x .  'I'ht-se arv s ~ ~ ~ ) f ~ r i r ~ i l ) o s t ~ ~ i  i l l  l ~ ig~ i rvs  8- I O ;IS solid histograms. 
1 ' 1 1 t -  limits of  t11v  ( l , ~ t ; i ~ w t ,  in tcrmh o f  1111- 1111tr11wr of (I ;~ta  poi t~ ts ,  becorncs sonit, 
w h a t  i lppiirt .~~t : v l ~ r t r ~  this is dot~c. since tlic r111rnhc.r o f  clnt;~ points making 111) 

t h r  ,95"6 rla.45 ;,rrn sniall. ( 'lrarly, r l ~  10-year ISEE-2 e!ata set would be vvry 
u ~ r f ~ r l  for pt*rf~lrrliiug this kind of a~lalysis.  It should he r ~ o t r d  t ha t  the  plots 

i ~ l c l ~ ~ d e  f l~ixt*\  f r(1~11 soliir vvvlits ;i l l(!  s o  ;ire not c l rn l~  pic.turt.s o f  rnagnrtosplic*ric 
elec.trorls. N t . \ , t * r l  l~r lvss .  the changil~q shapr  of the dis tr ibt~t ion of fluxes in local 

t ime reflects I h v  c.lectron niorphology 11f tht- magnetosphere. 



Figurer 8 s l~ows  t h a t ,  for I o ~ v  vnt.rgies a t  low I,, tl~c. sprt-ad of fluxrs is rclil- 
tively small around noon local tirr~t., with a p r a k i n ~  in f1uxc.s towards the t l a \ v r ~  

quadrant .  Fluxes a re  high at. all local times al tho~rgh the occasional lo~v-flux 
d a t a  points occur  prefert.ntinlly o r 1  the night sidv. .\s L increases, this pa t t r rn  
changes so t ha t  fluxes a re  low i ~ r o u r ~ d  noon, hryorld the- rnagnetopaust,, ant1 are 
higher in the. a n t i - s ~ ~ n w a r d  plasma shert  region. .I hias i n  high flux locations 
towards t h r  C ~ ~ L \ V I I  quadrant  rc-rni~ir~s. At high I, thc-rc is a considerable scatter in 
flux levels, reHecting the  dynan~ic isn i  of the  plasma sheet population. The  50% 
and  95% It.vels follow this changing hehaviour. 

'The 120- 189 keV electron fluxes shown in figurtb 9 rxllihit basically the same 

chararterist,ic-s. High fluxcs a t  high L valut-s art- encountered principally in thr 

dawn quadrant  although fluxes are generally low. F'igi~rr 10 (302-477 kt.\.;) sl!q)\vs 
low f l~~xc-s  i ~ t .  I, -. 12 hilt a similar hehavioor t o  t h r  lower energy c!~annrls at Iowrr 
L.  

The hIEPl  measurements  were made  in t he  period leading up  to  masirnurr~ 
activitv of solar cycle 21, which in ternis of average solar flare proton flux. \vas 
less srverc than  t h r  preceding two cycles [Chswami e t  al.. 19881. 1ndrt.d. t h v  

current. ~ r ~ a x i r n u m  in solar activity has alrrady proiluced several flares of gr ra t r r  
intcnsl ty than s w n  a t  any time during cycle 21. 

Y~diir c~lcctron event flux rnc~;~surenients n~ad t .  t)y ISEE-  1 outsidc of t l l ~  ['an 
Allen Iwlts (lo not, seem to hi~vt* i ~ ~ y  spatial variation. and  their profiles are tas- 
se11ti;l I!? tle~tc~rrnir~ecl hy t , h f .  t c-rnptbral evo l i l t i o~~  of t ht. particles as they pass the 
ear th  '1'11t. sevt-rity il11d t l l ~ ~ i ~ t i t ) ~ ~  of the  flares are variable, hut  some havv flux 
increasrs two or t h r w  orders o f  niagriitutle above the normal background level. 
Such ~ t ~ ~ l t a ~ ~ c r r n e r ~ t s ,  although only lasting for a frw days. can have a very detri- 
meutzl  rffvc.t on sensitive det.ectors and eltxtronics. 

, . I ~ r t  roll H I I X  d a t a  frorn t 11v complt-t.c. erlcrqy range of t he  ISEE- I 11 I:Pl 
instr~ivnc-lit., covrring t . h ( *  lifetirrit. o f  t h r  i r ~ s t , r ~ ~ ~ n c ~ ~ t  havv 1)ren ar~alysetl to  proviilt* 
a preliminary 1)asis for rvaluiit.ior~ of the  rncrgctic: electron environment of I~ ig l~ ly  
cccentric orbits. The data have heen nnalysed and tht. general morpholog. o f  

energetic c-lrctrons with rcXspt-rt l o  grornagnt.t.ic c.oortiinates and local t ime has 
been rstahlisht-ti. 'LM'orst -caw" da t a  on t h r  elt*c.trorl environmel~t   ha\^ hren 
protiucc!ri whicll s l~nult l  prove. \ d ~ ~ a t ) l e  for t~vi l l~ ia t i r~g  harkground arid other cffrrt 5 
for fu tur r  missions in t,l~rst. rt-gior~s. lielate4 to  this are  t he  f lux-probabi l i t~  plots 

9 3 p r o d ~ l c t d .  I he local t ime scattc.r plots rcveal tht. ~ ~ ~ o r p h o l o q y  of rlectrons in t h r  
rnae;r~vtospI~t*rc. and thr ir  vari;~I)ility i n  thv variol~s r q i o n s ,  .-I report con ta in i~~ ;  
a m o w  ro r~~p le t t .  set of plots t I I ~ I I I  g i w n  hrrt. is in prrparation iTranquillt- et al.. 
l%lO1.  



It is found that  in regions of space where there was overlap with existing 
environment models, these models appear to  be pessimistic for this period. I n  
regions beyond the model limits, where modelling normally assumes zero fluxes, 
there were still non-negligible electron fluxes. 

Partial ovc.rlap between the data on the particle-induced background of 
the Clos-B X-ray instrument and the ISEE particle data  allowed us to look a t  
their correlation. It is found that  "flaring" of the Cos-B background coincides 
with solar or magnetospheric events observed by ISEE-1 in the  majority of caws 
[Tranquille et at.. 19901. However, this correlation is less than perfect, probaldy 
because of the different locations of t h e  two spacecraft in t h e  magnetosphere 

which, as has I~et-n pointed out,is highly dynamic. 

Thew arr  rrlany possible ways in which this work could he usefully extended. 
.As pointed out above. the ISEE-1 energetic electron data  only covers a period 
of approximatc4y 2 years preceding solar maximum. The equivalent instrument 
flown by ISEE-'2. although measuring electrons of slightly lower maximum energy 
and at lowt.r I-nt-rgy and angular resolutior~, collected data  over a from 
1au11c:li to \vvII ovc-r  t t S l l  years later. co\.vring itlr~lost a ron1plt.t~ solar cycle. Anal- 
ysis of tl~cw* data ~ . o 1 1 1 1 1  firstly incrt.aw t . l i c -  statistical valut. of the present study, 
as well as providing an insight into the, solar cycle dependel~ce of the terrestrial 
electron t v v i r c > r ~  rntbnt. 

A more dvtailtvl correlation b r t \v t~ r i  H I I X  measrlrcments and sc!a.r wind an.! 

geomagnetic parameters could also he p d o r m e d ,  and, as pointed out above, the 
Tsyganenko ~ x t c r n a l  field model could be employed, incorporating activity and 
diurnal effects. Ecluatorial pi!ch ar.gIc distrihutions could illso he used to dcriv'. 
fluxrs at  highcr B values (and thvreforr higher magnetic latitudes), giving f lux  
infornlat io~~ w h i c h  \vo~~lcl he dirtvt.ly applicable to more inclined eccentric orhits. 

1)nta frorn ot1it.r spacecraft also t~xist ,  for which a similar analysis can  Iw 

prrforrnetl. (it-ost.;lt,iimary data sets f r o r ~ i  the Los Alamos Natio~lal Laboratory 
and from Y O . \ . \  c0111d he used. Thest- st8ts overlap ISEK- I a r ~ d  -2  data  in time. 

, . I h e  aclv;lr~t;t=c. o f  using data fro111 other spacecra,ft is twofold: firstly, it 
allo\vs H I I S  rnt. ,~surv~r~vnts 1.1) I)v intt-r c o r ~ ~ p a r e d ,  ht-nre tnhaucing the confidence 
of t h v  analysis. zc*co~~dly, it c o r n p l r ~ ~ l c - ~ ~ l s  the overall data coverage (such as tht* 
rr.l;lt ively poor sarnpl~r~g of I S E E  1 ~ I I  1owt.r altitudes). 

F i~~a l ly .  ; I I I  ; \ i t  c-rrlativv rnotlri I,, ! 1 1 1 s  .\ KH r~~oclel co~rltl I ) ( .  constructed using 
data fro111 tht. ISk:l.: sat.rllitrs, ancl it11.v ot.111.r 51lital)le sollrccbs, with the functiorl- 

slit) required f o r  t h r  t.valuation of ir~tt.ractiorls itt higll i ~ l t  it~iclc. Work t o  this 
effect has alrracly bwrl initiated. Following the impending Innncli of the Corn- 
binpd Rcleaw Radiation Effects Satrllitr ( C K H E S )  ((;lisst.nllovt*n et  al., 19851. 

an c..utrnsivc. nloilt.lling activity will  I ) ( .  !~ntlr.rtilkrv. 
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Figure 1 :  Orbit  covt=ragcS of t h e  !SEE-I  satellite in  terms of geomagnetic coordi- 
natrs. C;r;~y scale codrd w l l s  i l l  11. 1, spare intlic.~rr t h t *  r~urnlwr of data points 
available. Thc. gcornagr~rtic vclu;~tor is shown for rt.fercwre, as arc the 11 - -  L 
traces of thv orhits of t h t .  fut 11rv S hlh l ,  FIRST arid IS0 missions. 





ISEE-l/MEPI E l e c t r o n  F i u x c s  
I I 1 ,  ' 

Figure 3: AS figurt* 2 h11t. showing ciisturt)t.d conditions.  



ISEE-l/REPI E l e c t r o n  F ] ~ J X C = S  
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Figure -1: A s  the previous t w o  figures hut showing a solar event. 



[SEE 

Figure 5 :  1)ifF~rential electron fluxes for M E P l  rhannrl 2 (39 - 75 keV) are 
prrser~tcd i 1 3  FL frlrlrtion of gwmagnrtic cnordinntrs. R and L ,  sarnplrd by the 

. . 
ISLE-1 o r l ~ ~ t .  1'hv i11sc.t  show^ ! I IV  prcviirtic~r~s t ~ f  tlic* /\I*;8 motiel for thr sarnp 
crltBrqy ranRcB. 
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Fiqurc. 6 :  . ' \s figl~rc- ,5 hut, showing  data from channel 5 ( 189 . 002 k e V ) .  



Figure 7: Flux probabilities: plots of the probability of fluxes being below given 
values, for all 8 MEPI channel enerlv rangn, for 3 r a n p  of L: ( a )  6 c L c 7; 
(L) 9 < I, .: 10; ( c )  12 < L / 13. 



Figure 8 :  Scattrr plots o f  LogIII  22.5-39 krl' rlrctron fluxcs as f ~ ~ l ~ c t i o n s  of  local 
t ime.  Also sliown arr the mean (50 prrwnti le)  and worst-ca\e (95 percentile) 
l o g - f l ~ ~ x r s .  Each l ) I o l  s h m w  a diffrrer~t I, rangt.. Tht. traiisitiorl from rndifl- 
tiorl-t)dt t o  plazr~~d . I ~ c ~ a t  rr1orpholop;y i s  rlri\r. 





Figurv III \, figurr 9 but for  MEI'I channrl 6 (:I02 477 krV) .  
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