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ABSTRACT

In Septembefl996,a dust/debrisdetector: GORID was
launchedinto the geostationaryGEO) region as a pig-
gybackinstrumentbon the RussiarExpress-2elecommu-
nicationsspacecraft. The instrumentbegan its normal
operationin April 1997 and endedits missionin July
2002. The goal of this work wasto use GORID’s par
ticle datato identify and separateéhe spacedebristo in-
terplanetandustparticles(IDPs)in GEO,to morefinely
determinethe instruments measurementharacteristics
and to derive impact fluxes. While the physical char
acteristicsof the GORID impactsaloneare insufficient
for areliable distinction betweendebrisand interplane-
tary dust,thetemporalbehaior of theimpactsarestrong
enoughindicatorsto separatethe populationsbasedon
clustering. Non-clustereventsare predominantlyinter-
planetary while clustereventsare debris. The GORID
meanflux distributions(at masghresholdsvhich areim-
pactspeeddependentjor IDPs, correctedor deadtime,
are1.35 x 10~* m—2s~! usinga meandetectionrate:
0.54d~!, andfor spacedebrisare6.1 x 10~* m=2s~!
usingameandetectiorrate:2.5d~!. 3-meteoroidsvere
not detected. Clusterscould be a closely-packd debris
cloud or a particle breakingup dueto electrostatidrag-
mentationafter high chaging.

1. INTRODUCTION

A populationof cosmic dust mixed with a population
of man-madedebris exists within the Earths magneto-
sphere. Measurement®f theseprovide the datasam-
plesfor studiesof the interplanetarydust particlesthat
travel throughour magnetospheréom the outsideand
for studiesof the local byproductsof our spaceendea-
ors. Even thoughinstrumentsto detectnatural mete-
oroidsandspacealebrisparticleshave beenflown in Low
EarthOrbits (LEO) andon interplanetarymissions very
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little information on the particle ervironmentfor Earth
orbitsabove about600km altitudehave beenobtained.In
particular knowledgeaboutdebrisparticlessmallerthan
0.5- 1 min the geostationarfGEO) region waslargely
unknavn beforeGORID.

2. REVIEW OF THE GORID DETECTOR AND
ITSDATA

The GORID impactdetectoris the refurbishedengineer
ing modelof theUlyssesdustdetectoywhichdetectgar
ticlesby impactionizationmethodg1; 2). In thismethod
of detectiona particleimpactingthe detectorathypene-
locity speedcreatesa plasmaof electronsandions. The
electronsandions generatediuring the impactaremea-
suredseparatelythe electronsare collectedat the tar-
get (Qe), andthe ions are collectedat the ion collector
(Qi). A few ionsarefurtherintensfiedandmeasuredy
a channeltron(Qc) behindthe main ion collector grid.
The negative (electron)andpositive (ion) chagesgener
atedupon impactrangefrom 10716 C to 10°8 C. The
chageonthe particleitself, asit entersthe detectoycan
be measuredby the chage grids Qp.

The velocity and massof the impactingparticle are de-
ducedfrom the rise-timeandtotal intensity of the mea-
suredplasmasignalsusing empirical calibrationcurves.
The rise-timesof the measureglasmasignalsareinde-
pendenbf the particlemass,anddecreasevith increas-
ing particlespeed.Giventhe sensitvity andthe calibra-
tion of theinstrumentGORID candetectparticleswith a
massdown to 10~17 kg.

The instrumentis a shallov cylinder with an entrance
apertureof 43cmandhemisphericalargetof aread.1m?
anda viewing angleof 140°. The GORID detectorwas
in a geostationaryocation at 80° Eastlongitude until
June2000, whenthe satellitewas moved to 103° East.
Detailedinformationon the instrumentdesignand data



handlingis givenin (3), anda full descriptionof thein-
strumentcalibrationand eventsclassficationis givenin

(4).

In the absenceof ary anomalies,the procedureto de-
terminespeedsaand massedrom GORID datais poten-
tially straightforvard: Laboratorycalibrationis applied
to corvert digital signalsto: electron,ion and channel-
tron chages(Qe Qi,Qc) particlespeedslerivedfrom tar
getandion collectorrise-times(ve, vi). Debrisparticles
arediscriminated statistically)by impactspeedandtim-
ing of events(time of day, year clustering). Constraints
on individual derived orbits (basedon speedandinstru-
ment pointing direction) can also be used. In general,
determiningthe massis via

Q = km®”, (1)

wherek, «, and 5 arederivedfrom laboratorycalibration.

Extensve calibrationswere performedfor the twins of
GORID: the Ulyssesand Galileo dust detectors. Addi-
tional calibrationtestsfor GORID corfirmedthatthe es-
tablishedcalibrationwas still applicable. The GORID
signalamplitudecalibrationcorvertsfrom digitized val-
uesof the signalamplitudeso amplitudesof chage Qe,
Qi, Qc and Qp for the GORID dustdetector The cali-
bration of the relationshipbetweenthe speedof the im-
pactorandtherise-timeof the signalsfrom thetargetand
ion grid wasperformedusingtheHeidelbeg Electrostatic
Accelerator The massof an impactingparticle can be
derivedfrom the chageto massratio for theion or elec-
tronchage,asafunctionof velocity with alinear(power
law) relationship:log(Q;/m) = —1.063 + 3.375 log(v)
usingcalibrationdatasuppliedby E. Griin (MPI-K Hei-
delbepg). The velocity calibrationfor the GORID dust
detectorcorvertsfrom digitized valuesof rise-timesfor
thetargetandion grid signalsto impactorimpactspeed
(ve ,vi).

Reliableimpact speedsare the mostimportantdiscrim-
inator betweeninterplanetarydustand debris. Accurate
speedsrerequiredfor massdeterminatiorfrom impact
chagesbecausef thestrongdependencen speedf the
chageto massratio (Eqn.1). Unfortunately thereis al-
mostno correlationbetweertheindividualimpactspeeds
derivedfrom theion andelectronrise-times.Thereasons
for this poor correlationarenot known, but couldbedue
to acombinationof thefollowing: 1) noisecancauseap-
parentslow rise-times,2) high particlechagescanalso
producelongerrise-times,3) impactson the sidewall of
thedetector(5). If we applyasinglespeedo all particles
(e.g. atypical weightedmeaninterplanetarydustimpact
speedor GEOof 30km s~ 1 it canintroducea potential
errorof upto 10° in masgfor debrisparticlesthatin real-
ity may have impactspeedsaslow asl km s~ 1. Thisis
dueto the high value (3.4) of the velocity exponents in
Eqgn.1 from whichthe massesrederived.

Thereforethe typical procedureto determinethe im-
pactorparticle speedsand hence,massescould not be
implementedIf we couldfind othercharacteristicsf the
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measurementfor separatingdebrisfrom the interplan-
etary (IP) dust, then meanspeedscan be assignedand
hencefluxes. Onecharacteristiof the measurements
thechage.

3. DISTRIBUTION OF QP CHARGES

The GORID datacontainsmary particleswith apparent
highchage. Tablel illustratesthedistribution of particle
grid chages,Qp, for the highestquality GORID events.
We divide the GORIDs chage grid detectiongQp) into
five Qp classeglabelledA to E) which demonstratee-
culiar chage values(high, negative) on the dust/debris
particles.

Table 1. Distribution of Qp charges

‘ Group Qp Number Implied Properties
A 4x10710 463 Saturated
B 4x1071°-107'? 1191 High -v. chage
C 10~12-10713 1223 Medium-v, chage
D 10713-0 205 Medium-v, chage
E >0 230 +v. chage

Sincepotentialsarenotexpectedo exceedl0V (6), then
we have eithervery large grains, (10 xm—-10cm), or the
grainchaging mechanisms notfully understoodor the
Qp valuesareunreliable.We exploredthe Qp valuesfur-
therby checkingthe correlationfor betweerelectronand
ion signalsfor -ve and+ve chages. The Qp dataappear
noisy with no systematicbiases,therefore,we decided
to use Qp asdiagnosticpropertyof chaging. The in-
dividual Qp valuesmay have large uncertaintiesput it
is possiblethatthe chagescanprovide diagnosticinfor-
mationfor distinguishinglP anddebrispopulations es-
peciallyif coupledwith anothemropertyof theimpacts,
temporalvariations. In Sect.5, we identify mechanisms
that could producehigh negative equilibrium potentials
on shorttimescalesNext we describethe temporalvari-
ationsof GORID’simpacts.

4. TEMPORAL VARIATIONS

Temporalvariations(clustering,diurnal, seasonalmay
provide additionalconstraintdor statisticalseparatiorof
populations.

4.1. Clustering

Very largevariationsin daily eventratesled to theidenti-
ficationof clustersof events,someof which re-occurred
on consecutie daysat the samelocal time (1; 7). They
wereinterpretedascloudsof aluminiumoxide debrisre-
sulting from the firing of solid rocket motors. IP dust
particles,including G-meteoroids,have distributions in




spacewhich aremuchlargerthanthescaleof the GORID

detector Their arrival times are thereforeexpectedto

have arandomdistribution with a meandictatedby the
particle flux for the particularpointing geometryof the
detector Clusteringof eventscould occurif anIP par

ticle fragmentsvery shortly beforeimpact,an extremely
low probability event. Clusteringof eventsis therefore
indicative of a debrissourceandmay provide a selection
criteriafor statisticalseparatiorof the debrisandIP pop-
ulations.

An eventis definedto bea clustermembeiif thetimein-
terval to theclosesteventis lessthana“clusteringlimit”.
The meanrate for the highest-qualityimpact eventsis
1.83day !, correspondindo aninterval of 0.55d. The
distribution of times betweenevents(seeFig. 1) shavs
a bimodal distribution with one componentpeakingat
abouttheexpected'random” rateandthe otherwith very
much shortertimes, indicating clustering. The limit of
clustermemberships thereforedefinedat 0.05days. IP
particleswould be expectedto shav approximatelyran-
domtime intervals (with a slightly wider than Gaussian
spreaddueto the expecteddiurnal asymmetry). Typical
timeintervalsbetweemon-clusteeventsare0.2— 2 days
andfor clusterevents,secondgo ~1 hour. 74%of events
arein clusters.
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Figure 1. Distribution of time intervals betweenparticle
detectionsusedto determineclusterandno-clustemem-
bership.

Thebimodaldistribution of time intenalsbetweerevents
is apparenfor all negative chage Qp classes.Qp class
E data(positively chagedparticles)have no component
of clusteredevents.Both the chage signandtherandom
natureof thedetectiortimesareconsistentith Qp, class
E eventsbeingentirelyinterplanetaryn origin.

4.2. Diurnal and Seasonal Variation

Clusterevents(Fig. 2) shav very strongdaily asymmetry
whereason-clusterdatashowv a factor~2.5 asymmetry
with thepeakaroundmidnightlocaltime, entirelyconsis-
tentwith anIP origin. Debrisareconcentrateciearmid-

nightlocal time exceptduringsummer In earlysummey

clusteredeventsare concentratedhear5 am, just at the

time when3-meteoroidsnaybe expectedo bedetected.
However, thereis no evidencefor anenhancemerih the

non-clusteredlataat this time suggestingan alternatve

explanationfor theseevents.
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Figure 2. Distribution of impactdetectionsasa function
of time of day for cluster(upperpanel)and non-cluster
(lower panel)data.

4.3. Crossing of Equatorial Planein Magnetotail

The GORID pointing geometryimplies preferentialde-
tectionof clustersg.g.debris afterrecentcrossingof the
equatoriaplanein themagnetotail.This maybebecause
debrisarephysicallyconstrainedo thisregionor because
someprocessoccurringin this region makes them de-
tectable.

5. ONTHE HIGHLY-CHARGED PARTICLES

Several competingmechanismsat 1 AU chage a debris
or IP dustparticle: photoelectriceffect, electronandion
collection,andsecondarelectronemission.IP particles
are expectedto be positively chaged (appearingn the
Qp channel,E class). The situationfor orbital debrisis
morecomple. Field emissionpreventsfurther chaging
of a dustparticle onceit possessea sufficiently strong
surfacepotential.

If oneassumesve have extremely highly-chagedparti-
cles,thenwe canlook at the dustchaging conditionsin
GEO which might causesuchan effect. Previous work
(5) studiedin depththe chaging of dust/debrigarticles
in Earthorbit from 2 Rg to 15 Rg (Rg = Earthradius=
6.378 x 10° m). It consideredwo rangesof magneto-
sphericactiity: solar“typical” (or quiet) andsolar“ac-
tive” (or disturbed).The studyusedplasmadatafor typ-
ical earthplasmaconditions,ddinedby Kp=1, Ap=120,
andplasmadatafor active Earth plasmaconditions,de-
finedby Kp=5,Ap=1200.Thestudyfoundthatthechag-
ing currentsof dust/debrigarticlesare poisedin a deli-
catebalance,so that changesn the plasmaparameters,



for examplebetweenquiet and disturbedplasmacondi-

tions,andchangesén particlematerialpropertiecanhave

largeeffectsontheparticles’chages.Thenext four cases
(A,B,C,D) illustrate the variationsof thesechaging ef-

fects.More detailscanbefoundin (5).

The next example illustrates conditions betweenquiet
and disturbedplasmaswhen the material properties,as
indicatedn thenext box, for chagingtheparticle,remain
the same.The equilibrium potentialchageswerecalcu-
lated assumingcurrentsfor ion and electroncollection
from the plasma,photoelectricemissionand secondary
electronemissionin a plasmawith numberdensitiesand
enepgiesgivenin Table2.

dm=1.4, Em=180eV x=0.1, a=1um, p=2.3g/cn,
Tph0t0=2.OeV

Here, the particle materialproperties:om, Em, x, a, p,
andTphotoarethenumbemf secondarglectrongyield)

atacharacteristi¢maximum)enegy atwhichtherelease
of secondarglectronpeaksthephotoelectriconstan{1

= fully conducting/0.1 = fully dielectric),the radiusand

density of the particle, and the enegy of the spectrum
of the releaseghotoelectronsn a Maxwellian distribu-

tion, respectiely. Table2 givesthe changingplasmapa-

rametersfirst, CaseA, for aquietplasmaatO local time

(Earths shadav) in GEO, and second,CaseB, for dis-

turbedplasmaat O local time in GEO.

Table 2. Plasma Parameters for CasesA & B

Plasma ne (1) nj (2) kTe (3) KT; (4)
Type (em™3)  (em™3) (eV) (eV)
Quiet 1.0/0.3 0.6/0.8 450/4000 12/9000
Disturbed 2.0/4.0 2.0/2.3 170/2400 40/11000

(1) Numberdensitiedor (hot/cold)electrons(2) for (hot/cold)ions.
(3) Enegiesfor (hot/cold)electrons(4) for (hot/cold)ions.

The resulting equilibrium potentials are Upgt=2.2V

(CaseA) andUpot =-2136.2V(CaseB). Thetop chag-

ing processis the electroncollection current. The lat-

ter equipotentiaturrentis high enoughto bein thefield

emissionrange(5). One plausiblereasonfor the high

(theoretical)chage is multiple rootsfor equilibrium po-

tential (8), which are especiallyimportantin plasmas
with high temperature®r densities. For example, our

numericalexperimentsthat increasedonly the electron
densityin the plasmapushedhe equilibrium potentialto

the next root, resultingin large ngative potentialswhen

we increasedhe electronnumberdensitytwo anda half

times (5).

The chaging of the debris/dustparticlesis particularly
sensitve to the secondaryelectronemissioncurrents,so
thata particlewith surfacepropertiesof alow yield ma-
terial canchangefrom having an equilibrium potentiala
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few Volts positive to anextremelyhighly negative poten-
tial, assumingenegetic or highly denseplasmacondi-
tionswhich did notchangeasillustratedin the next two
cases:.C andD andTable3. The materialpropertiesfor
the chaging calculationareindicatedin the boxes. No-
tice thatthe only changedetweenhe two casesarethe
secondanelectronyield (from 2.4 to 1.4) andthe maxi-
mum enegy for thatsecondarelectronyield (from 400
to 180eV).

Sm=2.4, Em=400e\ y=0.1, a=1um, p=2.3glcn,
TphotOZZOeV Upot:37v CaseC

sm=1.4, Em=180eV y=0.1, a=1um, p=2.3g/cnd,
Tohotg=2-06V Upot=-3034V CaseD

Table 3. Plasma Parametersfor CasesC & D

ne (1)
(cm™3)

nj (2) kTe (3) KT (4)
(cm=3)  (eV) (eV)

2.0/1.0 2.0/1.0 300/7000 300/7000
(1) Numberdensitiedor (hot/cold)electrons(2) for (hot/cold)ions.
(3) Enegiesfor (hot/cold)electrons(4) for (hot/cold)ions.

6. DERIVED FLUXES AND MASS DISTRIBU-
TIONS

In theabsenc®f ary reliablespeeddeterminationmean
speedsare assignedor debris(clustered)and IP (non-
clustered)events. Fluxesarethendeterminedby multi-
plying the speedswith the numberof particlesin a unit
time andintegratingover the GORID detectingsurface.

Representate impactspeeddor IP particlesand space
debrisareassignedor non-clustere@ndclusteredevents
respectiely. For IP particles,we usedan IP model(9),

which givesa speeddistribution weightedby the impact
plasmadetectoresponse®4, with whichwefindamean
speedof 31.4km s~!. For debrisparticles,we usedthe

following. Particlesin nearGEO orbitswill have impact
speed=f a few hundredmetersper second. However,

at theselow speedsthey arenot likely to producelarge
amountsof impact plasma. The dominantcontrikution

(i.e. highestrelative speedspf debrisareexpectedfrom

impactorsn geo-transfeorbits(GTO). Theweighted(by

response/geometry/sourcejean speed= 2.6 km s 1.

For accessibleetrogradesTO orbits,v=4.5km s~ and
for circularretrogradeGEO orbitsv,, ., = 6.1kms~!.

The GORID raw datafiles gave the numberof particles
per unit time. The datafrom the GORID experimentis
distributedin threedifferentsetsof files: sciencecount,
and houselkepingfiles. Details of the dataformat can
befoundin: (10). Thetotal numberof the highestqual-
ity eventsin the sciencefile is 3349(2477clustered872



non-clusteredjn 1827 days. In the countfile datathere
are ~5486 events. We canusethe known propertiesof
the sciencedatato assignthe countfile eventsaseither
IP or debrisbeforecalculatingthe fluxes.

After the countsaredeterminedrom the datafiles, they

were correctedfor “deadtime”. Interplanetaryevents,
which aredetectedessentiallyat random,suffer a “dead
time”, equialentto the clusteringtime of 0.05 days.
The total deadtime for IP (i.e. non-clustered)detec-
tions is 0.05 x 3349 = 167 d, so that the deadtime

correctionis = 1827/(1827-167F 1.101. Therefore,
the total expected number of interplanetaryevents is

872 x 1.101= 960. The detectionrate of interplanetary
eventsfrom the sciencedatafile is 960/1827= 0.53d!.

Thedead-timentenal is slightly higherdueto eventsin

thecountfiles,which exceedthe maximumeventnumber
of thecountbuffer of theinstrument.After correctingfor

the 28 additionalevents,the total numberof IP eventsis

988. The total detectiontime is 1827 dgiving a mean
interplanetaryflux of 0.54d-1.

The spacedebrisflux is thereforecalculatedrom all re-
mainingeventsdetectedi.e. 5486 -988= 4498in 182d.
Themeandebrisdetectiorrateis therefore2.46d!.

Cumulatve fluxes are calculatedfor an equialent flat
plate detectorpointingin the samedirectionasGORID,
which has a detectorarea A = 0.1 m? and effec-
tive viewing angle of Q = 1.45sr. F(~Q;) =
(N(=Qi) f (m/Q)) / (T A), whereN (= Q;) is the
numberof eventswith ion grid chage greaterthan Qi,
f is a scalingfactorto accountfor missingdata(dueto
deadtime and countfile data,and T is the time inter-
val over which the obserationswere made. Figure 3
shaws the calculatedcumulatve fluxes for clusterand
non-clusterdata. The ion grid signalsare saturatedat
Qi = 2 x 1071 C. The debris(cluster)datashow rela-
tively greaterfluxesat smallerchages.

Charge distributions
1.E-03
Cluster
- 1.E-04 + nonCluster
e
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o = o o - = @
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Figure 3. Cumulative fluxeson GORID asa function of
ion grid chage.

Figure4 shavs thecumulatize masddistributionsderived
usingrepresentate singlevaluesof impactspeedor de-
bris (cluster)andIP (non-cluster)eventscomparedwith
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theinterplanetarynodeldescribedn (9). Thecalculated
interplanetanflux in GEOis lower thanthe modelby a
factorof between2 and 10 even thoughthis modelpro-
vides a good fit to impact crateringdata measurecbn
spacecraftn LEO. The assumptiorof a single velocity
is important. The distribution of speed®f interplanetary
dustrangedrom afew to 70km s~! andthespeedistri-
bution usedin the model,derived from meteordata,may
not preciselyapply to the smaller particlesdetectedby
GORID. A factorof 2 errorin speedesultsin afactorof
10 errorin massbecausef the v3-4 power relationship
betweenimpactspeedandderived massfor a givenim-
pactchage(Eqgn.1). Theflux is definedby themeasured
impactrate.A higherimpactspeedwvould resultin lower
massedor the entiredistribution andhencea lower flux
atary specfic masqtheactualerrorin flux woulddepend
on the massdistribution but would alsobe a factorof 10
for amassdistribution index of -1). In addition,the data
have beenconvertedfrom GORID detectionsto fluxes
seenon a flat plate detectorpointing in the samedirec-
tion. Debrisfluxesare calculatedfor the nominalmean
impactspeedfor GTO of 2.6 km s~ 1 andfor the maxi-
mumpossibleGTO impactspeedf 4.5km s 1. In both
casesmuch higher fluxes are obsenred for debristhan
interplanetaryparticlesin this sizerange. Debrisfluxes
appeatto be ~20 timestheinterplanetaryflux modelfor
massedelov 10~ kg.

Mass distributions (assumed speed)
1.E-03 1P Cluster
Model GTO
1.E-04 - nom
< Cluster
‘v
e 1.E-05
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=
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1E—O7 T T T T T T T T T
g (2] [£e] [l [(n] L = o [ — [an]
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Mass from Qi (kg)

Figure 4. Cumulatve massdistributions derived us-
ing a meanimpact speeddor interplanetarydust of 31
km s~ 1 appliedto non-clusterdataand either a mean
(2.6 km s~1) or maximum (4.5 km s~ 1) GTO impact
speedor clusterdata.An interplanetarydustmodelpre-
diction (9) is shawvn for comparison.

We cantestif thefluxesderivedusingtheimpactspeeds
of GTO particlesarereasonabléy estimatingthe total
massof dustin the GTO population. If we make asim-
ple assumptiorof uniform spatialdensityof debrisin a
sphericalcloud from altitudesof 1000 km to GEO and
a particle massof 10~1* kg, we derive atotal massof
suchparticlesaroundthe Earthof afew hundredkg. This
is likely to be anoverestimatebecausearticlesspenda
large fraction of their orbital time nearapogeeand the
orbital distribution of the presumedsourceshave non-
uniform inclinationdistributionsandapside<loseto the



equatorialplane. Alternatively, someof the debrigparti-
clesmaybemoving significantlyfasterthantheassumed
speed,and hencebe much smaller their large chage
causingacceleratiorin the magnetosphereWithout re-
liable impact speedst is not possibleto determinethe
true fluxesto high precision. Uncertaintiesn massof a
leastafactorof 10 areinevitable.

7. SUMMARY AND FUTURE WORK

Although the speedglerived from rise-timesin GORID

data are not reliable, the clustering of events can be
usedto discriminate betweenspacedebris and inter

planetaryparticles. The detectionrate of interplane-
tary eventsis 0.54 d~! and debriseventsis 2.46 d~!.

The meanfluxesare 1.35 x 10~* m=2 s~! for IP and
6.1 x 10~* m~2 s~! for debrisatthedetectiorthreshold
of Qi = 1.3 x 10~ '3 C. Thefluxes ofinterplanetarnypar

ticlesarereasonablyloseto thewell-definedmodelpre-
diction, allowing for the impactspeeduncertainty De-

tectabilityof debrismaybeinfluencedy chaging mech-
anismsn the magnetosphere.

One possible explanation for the clusterscould be a
closely-packddebriscloudor aslagparticlebreakingup
underelectrostatidragmentation.Work by (11) demon-
stratedthat a debris cloud from a GEO insertionburn
couldstaytogetheffor weeksandmonthsto give multiple
impactswith the sametime stamp. A differentwork by
Felix vanderSommenr{personatommunicationshoved
thata closely-paclked debriscloud originatingnearGEO
couldbedetectecdby GORID asaclusterif: 1) initial ve-
locitiesareverylow, and2) they arechagedenough An-
otherpossibilityis electrostatidragmentationyhich has
beenconsideredor clusteredphenomenan the Earth’s
magnetospherbefore(e.g.(12)). Slagparticlesfrom a
rocket GTO or GEO burn might fragmentuponentering
the highly enepetic ervironmentof the magnetospheric
plasmasheet.Thesepossibilitiesneedto be investicated
further
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