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ABSTRACT

In September1996,a dust/debrisdetector:GORID was
launchedinto the geostationary(GEO) region asa pig-
gybackinstrumenton theRussianExpress-2telecommu-
nicationsspacecraft. The instrumentbegan its normal
operationin April 1997 and endedits mission in July
2002. The goal of this work was to useGORID’s par-
ticle datato identify andseparatethespacedebristo in-
terplanetarydustparticles(IDPs)in GEO,to morefinely
determinethe instrument’s measurementcharacteristics
and to derive impact fluxes. While the physical char-
acteristicsof the GORID impactsaloneare insufficient
for a reliabledistinctionbetweendebrisand interplane-
tarydust,thetemporalbehavior of theimpactsarestrong
enoughindicatorsto separatethe populationsbasedon
clustering. Non-clustereventsare predominantlyinter-
planetary, while clustereventsaredebris. The GORID
meanflux distributions(atmassthresholdswhichareim-
pactspeeddependent)for IDPs,correctedfor deadtime,
are 1.35× 10−4 m−2s−1 using a meandetectionrate:
0.54d−1, andfor spacedebrisare6.1× 10−4 m−2s−1

usinga meandetectionrate:2.5d−1. β-meteoroidswere
not detected.Clusterscould be a closely-packed debris
cloudor a particlebreakingup dueto electrostaticfrag-
mentationafterhighcharging.

1. INTRODUCTION

A populationof cosmic dust mixed with a population
of man-madedebrisexists within the Earth’s magneto-
sphere. Measurementsof theseprovide the datasam-
ples for studiesof the interplanetarydust particlesthat
travel throughour magnetospherefrom the outsideand
for studiesof the local byproductsof our spaceendeav-
ors. Even though instrumentsto detectnatural mete-
oroidsandspacedebrisparticleshavebeenflown in Low
EarthOrbits (LEO) andon interplanetarymissions,very

little information on the particle environmentfor Earth
orbitsaboveabout600km altitudehavebeenobtained.In
particular, knowledgeaboutdebrisparticlessmallerthan
0.5 - 1 m in thegeostationary(GEO)region waslargely
unknown beforeGORID.

2. REVIEW OF THE GORID DETECTOR AND
ITS DATA

TheGORID impactdetectoris therefurbishedengineer-
ing modelof theUlyssesdustdetector, whichdetectspar-
ticlesby impactionizationmethods(1; 2). In thismethod
of detection,aparticleimpactingthedetectorathyperve-
locity speedcreatesa plasmaof electronsandions. The
electronsandionsgeneratedduring the impactaremea-
suredseparately;the electronsare collectedat the tar-
get (Qe), and the ions arecollectedat the ion collector
(Qi). A few ionsarefurther intensifiedandmeasuredby
a channeltron(Qc) behindthe main ion collector grid.
Thenegative (electron)andpositive (ion) chargesgener-
atedupon impact rangefrom 10−16 C to 10−8 C. The
chargeon theparticleitself, asit entersthedetector, can
bemeasuredby thechargegridsQp.

The velocity andmassof the impactingparticlearede-
ducedfrom the rise-timeandtotal intensityof the mea-
suredplasmasignalsusingempiricalcalibrationcurves.
The rise-timesof the measuredplasmasignalsareinde-
pendentof theparticlemass,anddecreasewith increas-
ing particlespeed.Given thesensitivity andthecalibra-
tion of theinstrument,GORIDcandetectparticleswith a
massdown to 10−17 kg.

The instrumentis a shallow cylinder with an entrance
apertureof 43cmandhemisphericaltargetof area0.1m2

anda viewing angleof 140◦. The GORID detectorwas
in a geostationarylocation at 80◦ East longitude until
June2000,when the satellitewasmoved to 103◦ East.
Detailedinformationon the instrumentdesignanddata

97

Proc. ‘Dust in Planetary Systems’, Kauai, Hawaii, USA.
26--30 September 2005 (ESA SP-643, January 2007)



handlingis given in (3), anda full descriptionof the in-
strumentcalibrationandeventsclassificationis given in
(4).

In the absenceof any anomalies,the procedureto de-
terminespeedsandmassesfrom GORID datais poten-
tially straightforward: Laboratorycalibrationis applied
to convert digital signalsto: electron,ion andchannel-
troncharges(Qe,Qi,Qc) particlespeedsderivedfrom 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,
determiningthemassis via

Q = kmαvβ , (1)

wherek, α, andβ arederivedfrom laboratorycalibration.

Extensive calibrationswere performedfor the twins of
GORID: the UlyssesandGalileo dustdetectors.Addi-
tional calibrationtestsfor GORID confirmedthatthees-
tablishedcalibrationwas still applicable. The GORID
signalamplitudecalibrationconvertsfrom digitizedval-
uesof thesignalamplitudesto amplitudesof chargeQe,
Qi, Qc and Qp for the GORID dustdetector. The cali-
brationof the relationshipbetweenthe speedof the im-
pactorandtherise-timeof thesignalsfrom thetargetand
iongridwasperformedusingtheHeidelbergElectrostatic
Accelerator. The massof an impactingparticle can be
derivedfrom thechargeto massratio for theion or elec-
troncharge,asafunctionof velocitywith a linear(power
law) relationship:log(Qi/m) = −1.063 + 3.375 log(v)
usingcalibrationdatasuppliedby E. Grün (MPI-K Hei-
delberg). The velocity calibrationfor the GORID dust
detectorconvertsfrom digitized valuesof rise-timesfor
the target andion grid signalsto impactorimpactspeed
(ve ,vi).

Reliableimpactspeedsare the most importantdiscrim-
inator betweeninterplanetarydustanddebris. Accurate
speedsarerequiredfor massdeterminationfrom impact
chargesbecauseof thestrongdependenceonspeedof the
chargeto massratio (Eqn.1). Unfortunately, thereis al-
mostnocorrelationbetweentheindividual impactspeeds
derivedfrom theion andelectronrise-times.Thereasons
for this poorcorrelationarenot known, but couldbedue
to acombinationof thefollowing: 1) noisecancauseap-
parentslow rise-times,2) high particlechargescanalso
producelongerrise-times,3) impactson the sidewall of
thedetector(5). If weapplyasinglespeedto all particles
(e.g. a typical weightedmeaninterplanetarydustimpact
speedfor GEOof 30 km s−1 it canintroducea potential
errorof up to 105 in massfor debrisparticlesthatin real-
ity mayhave impactspeedsaslow as1 km s−1. This is
dueto thehigh value(3.4) of thevelocity exponentβ in
Eqn.1 from which themassesarederived.

Thereforethe typical procedureto determinethe im-
pactorparticlespeeds,andhence,masses,could not be
implemented.If wecouldfindothercharacteristicsof the

measurementsfor separatingdebrisfrom the interplan-
etary (IP) dust, then meanspeedscan be assignedand
hencefluxes. Onecharacteristicof the measurementsis
thecharge.

3. DISTRIBUTION OF QP CHARGES

The GORID datacontainsmany particleswith apparent
highcharge.Table1 illustratesthedistributionof particle
grid charges,Qp, for thehighestquality GORID events.
We divide theGORIDschargegrid detections(Qp) into
five Qp classes(labelledA to E) which demonstratepe-
culiar charge values(high, negative) on the dust/debris
particles.

Table 1. Distribution of Qp charges
Group Qp Number ImpliedProperties

A 4×10−10 463 Saturated
B 4×10−10–10−12 1191 High -ve charge
C 10−12–10−13 1223 Medium-ve charge
D 10−13–0 205 Medium-ve charge
E > 0 230 +ve charge

Sincepotentialsarenotexpectedto exceed10V (6), then
we have eithervery largegrains,(10 µm–10cm), or the
graincharging mechanismis not fully understood,or the
Qp valuesareunreliable.We exploredtheQp valuesfur-
therby checkingthecorrelationfor betweenelectronand
ion signalsfor -ve and+ve charges.TheQp dataappear
noisy with no systematicbiases,therefore,we decided
to useQp as diagnosticpropertyof charging. The in-
dividual Qp valuesmay have large uncertainties,but it
is possiblethat thechargescanprovide diagnosticinfor-
mationfor distinguishingIP anddebrispopulations,es-
pecially if coupledwith anotherpropertyof the impacts,
temporalvariations.In Sect.5, we identify mechanisms
that could producehigh negative equilibrium potentials
on shorttimescales.Next we describethetemporalvari-
ationsof GORID’s impacts.

4. TEMPORAL VARIATIONS

Temporalvariations(clustering,diurnal, seasonal)may
provideadditionalconstraintsfor statisticalseparationof
populations.

4.1. Clustering

Very largevariationsin daily eventratesled to theidenti-
ficationof clustersof events,someof which re-occurred
on consecutive daysat the samelocal time (1; 7). They
wereinterpretedascloudsof aluminiumoxidedebrisre-
sulting from the firing of solid rocket motors. IP dust
particles,including β-meteoroids,have distributions in
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spacewhicharemuchlargerthanthescaleof theGORID
detector. Their arrival times are thereforeexpectedto
have arandomdistribution with a meandictatedby the
particleflux for the particularpointing geometryof the
detector. Clusteringof eventscould occur if an IP par-
ticle fragmentsvery shortlybeforeimpact,anextremely
low probability event. Clusteringof eventsis therefore
indicative of a debrissourceandmayprovide a selection
criteriafor statisticalseparationof the debrisandIP pop-
ulations.

An eventis definedto beaclustermemberif thetime in-
terval to theclosesteventis lessthana“clusteringlimit”.
The meanrate for the highest-qualityimpact events is
1.83day−1, correspondingto an interval of 0.55d. The
distribution of timesbetweenevents(seeFig. 1) shows
a bimodal distribution with one componentpeakingat
abouttheexpected“random”rateandtheotherwith very
much shortertimes, indicating clustering. The limit of
clustermembershipis thereforedefinedat 0.05days. IP
particleswould beexpectedto show approximatelyran-
dom time intervals (with a slightly wider thanGaussian
spreaddueto the expecteddiurnal asymmetry).Typical
timeintervalsbetweennon-clustereventsare0.2– 2days
andfor clusterevents,secondsto∼1 hour. 74%of events
arein clusters.

Figure 1. Distribution of time intervalsbetweenparticle
detectionsusedto determineclusterandno-clustermem-
bership.

Thebimodaldistributionof timeintervalsbetweenevents
is apparentfor all negative charge Qp classes.Qp class
E data(positively chargedparticles)have no component
of clusteredevents.Both thechargesignandtherandom
natureof thedetectiontimesareconsistentwith Qp, class
E eventsbeingentirelyinterplanetaryin origin.

4.2. Diurnal and Seasonal Variation

Clusterevents(Fig. 2) show verystrongdaily asymmetry
whereasnon-clusterdatashow a factor∼2.5 asymmetry
with thepeakaroundmidnightlocaltime,entirelyconsis-
tentwith anIP origin. Debrisareconcentratednearmid-
night local time exceptduringsummer. In earlysummer,
clusteredeventsareconcentratednear5 am, just at the
timewhenβ-meteoroidsmaybeexpectedto bedetected.
However, thereis no evidencefor anenhancementin the
non-clustereddataat this time suggestingan alternative
explanationfor theseevents.

Figure 2. Distribution of impactdetectionsasa function
of time of day for cluster(upperpanel)andnon-cluster
(lowerpanel)data.

4.3. Crossing of Equatorial Plane in Magnetotail

The GORID pointing geometryimplies preferentialde-
tectionof clusters,e.g.debris,afterrecentcrossingof the
equatorialplanein themagnetotail.Thismaybebecause
debrisarephysicallyconstrainedto thisregionor because
someprocessoccurring in this region makes them de-
tectable.

5. ON THE HIGHLY-CHARGED PARTICLES

Several competingmechanismsat 1 AU charge a debris
or IP dustparticle: photoelectriceffect, electronandion
collection,andsecondaryelectronemission.IP particles
are expectedto be positively charged (appearingin the
Qp channel,E class). The situationfor orbital debrisis
morecomplex. Field emissionpreventsfurthercharging
of a dustparticleonceit possessesa sufficiently strong
surfacepotential.

If oneassumeswe have extremelyhighly-chargedparti-
cles,thenwe canlook at thedustcharging conditionsin
GEO which might causesuchan effect. Previous work
(5) studiedin depththecharging of dust/debrisparticles
in Earthorbit from 2 RE to 15 RE (RE = Earthradius=
6.378× 106 m). It consideredtwo rangesof magneto-
sphericactivity: solar“typical” (or quiet)andsolar“ac-
tive” (or disturbed).Thestudyusedplasmadatafor typ-
ical earthplasmaconditions,definedby Kp=1, Ap=120,
andplasmadatafor active Earthplasmaconditions,de-
finedby Kp=5,Ap=1200.Thestudyfoundthatthecharg-
ing currentsof dust/debrisparticlesarepoisedin a deli-
catebalance,so that changesin the plasmaparameters,
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for examplebetweenquiet anddisturbedplasmacondi-
tions,andchangesin particlematerialpropertiescanhave
largeeffectsontheparticles’charges.Thenext four cases
(A,B,C,D) illustrate the variationsof thesecharging ef-
fects.Moredetailscanbefoundin (5).

The next example illustratesconditionsbetweenquiet
and disturbedplasmaswhen the materialproperties,as
indicatedin thenext box,for chargingtheparticle,remain
thesame.Theequilibriumpotentialchargeswerecalcu-
lated assumingcurrentsfor ion and electroncollection
from the plasma,photoelectricemissionand secondary
electronemissionin a plasmawith numberdensitiesand
energiesgivenin Table2.

δm=1.4, Em=180eV, χ=0.1, a=1µm, ρ=2.3g/cm3,
Tphoto=2.0eV

Here,the particlematerialproperties:δm, Em, χ, a, ρ,
andTphotoarethenumberof secondaryelectrons(yield)
atacharacteristic(maximum)energy atwhichtherelease
of secondaryelectronpeaks,thephotoelectricconstant(1
= fully conducting,0.1= fully dielectric),the radiusand
densityof the particle, and the energy of the spectrum
of the releasedphotoelectronsin a Maxwellian distribu-
tion, respectively. Table2 givesthechangingplasmapa-
rameters,first,CaseA, for a quietplasmaat 0 local time
(Earth’s shadow) in GEO, andsecond,CaseB, for dis-
turbedplasmaat0 local time in GEO.

Table 2. Plasma Parameters for Cases A & B

Plasma ne (1) ni (2) kTe (3) kTi (4)
Type (cm−3) (cm−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) Numberdensitiesfor (hot/cold)electrons,(2) for (hot/cold)ions.
(3) Energiesfor (hot/cold)electrons,(4) for (hot/cold)ions.

The resulting equilibrium potentials are Upot=2.2V
(CaseA) andUpot =-2136.2V(CaseB). The top charg-
ing processis the electroncollection current. The lat-
ter equipotentialcurrentis high enoughto bein thefield
emissionrange(5). One plausiblereasonfor the high
(theoretical)charge is multiple rootsfor equilibriumpo-
tential (8), which are especiallyimportant in plasmas
with high temperaturesor densities. For example,our
numericalexperimentsthat increasedonly the electron
densityin theplasmapushedtheequilibriumpotentialto
thenext root, resultingin large negative potentials,when
we increasedtheelectronnumberdensitytwo anda half
times (5).

The charging of the debris/dustparticlesis particularly
sensitive to thesecondaryelectronemissioncurrents,so
thata particlewith surfacepropertiesof a low yield ma-
terial canchangefrom having anequilibriumpotentiala

few Voltspositive to anextremelyhighly negativepoten-
tial, assumingenergetic or highly denseplasmacondi-
tionswhich did notchange,asillustratedin thenext two
cases:C andD andTable3. Thematerialpropertiesfor
the charging calculationareindicatedin the boxes. No-
tice that theonly changesbetweenthe two casesarethe
secondaryelectronyield (from 2.4 to 1.4) andthemaxi-
mumenergy for thatsecondaryelectronyield (from 400
to 180eV).

δm=2.4, Em=400eV, χ=0.1, a=1µm, ρ=2.3g/cm3,
Tphoto=2.0eV, Upot=3.7V Case C

δm=1.4, Em=180eV, χ=0.1, a=1µm, ρ=2.3g/cm3,
Tphoto=2.0eV, Upot=-3034V Case D

Table 3. Plasma Parameters for Cases C & D

ne (1) ni (2) kTe (3) kTi (4)
(cm−3) (cm−3) (eV) (eV)

2.0/ 1.0 2.0/ 1.0 300/ 7000 300/ 7000
(1) Numberdensitiesfor (hot/cold)electrons,(2) for (hot/cold)ions.
(3) Energiesfor (hot/cold)electrons,(4) for (hot/cold)ions.

6. DERIVED FLUXES AND MASS DISTRIBU-
TIONS

In theabsenceof any reliablespeeddetermination,mean
speedsare assignedfor debris(clustered)and IP (non-
clustered)events. Fluxesarethendeterminedby multi-
plying the speedswith the numberof particlesin a unit
time andintegratingover theGORIDdetectingsurface.

Representative impactspeedsfor IP particlesandspace
debrisareassignedfor non-clusteredandclusteredevents
respectively. For IP particles,we usedan IP model(9),
which givesa speeddistribution weightedby the impact
plasmadetectorresponsev3.4, with whichwefindamean
speedof 31.4km s−1. For debrisparticles,we usedthe
following. Particlesin near-GEOorbitswill have impact
speedsof a few hundredmetersper second. However,
at theselow speeds,they arenot likely to producelarge
amountsof impact plasma. The dominantcontribution
(i.e. highestrelative speeds)of debrisareexpectedfrom
impactorsin geo-transferorbits(GTO).Theweighted(by
response/geometry/source)meanspeed= 2.6 km s−1.
For accessibleretrogradeGTO orbits,v = 4.5km s−1, and
for circularretrogradeGEOorbitsvmax = 6.1km s−1.

The GORID raw datafiles gave the numberof particles
per unit time. The datafrom the GORID experimentis
distributedin threedifferentsetsof files: science,count,
and housekeepingfiles. Details of the dataformat can
befound in: (10). Thetotal numberof thehighestqual-
ity eventsin thesciencefile is 3349(2477clustered,872
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non-clustered)in 1827days. In thecountfile datathere
are∼5486events. We canusethe known propertiesof
the sciencedatato assignthe countfile eventsaseither
IP or debrisbeforecalculatingthefluxes.

After thecountsaredeterminedfrom thedatafiles, they
were correctedfor “dead time”. Interplanetaryevents,
which aredetectedessentiallyat random,suffer a “dead
time”, equivalent to the clustering time of 0.05 days.
The total deadtime for IP (i.e. non-clustered)detec-
tions is 0.05 × 3349 = 167 d, so that the deadtime
correction is = 1827/(1827-167)= 1.101. Therefore,
the total expectednumber of interplanetaryevents is
872× 1.101= 960. Thedetectionrateof interplanetary
eventsfrom thesciencedatafile is 960/1827= 0.53d−1.
Thedead-timeinterval is slightly higherdueto eventsin
thecountfiles,whichexceedthemaximumeventnumber
of thecountbuffer of theinstrument.After correctingfor
the28 additionalevents,thetotal numberof IP eventsis
988. The total detectiontime is 1827 dgiving a mean
interplanetaryflux of 0.54d−1.

Thespacedebrisflux is thereforecalculatedfrom all re-
mainingeventsdetected,i.e. 5486 –988= 4498in 182d.
Themeandebrisdetectionrateis therefore2.46d−1.

Cumulative fluxes are calculatedfor an equivalent flat
platedetectorpointing in thesamedirectionasGORID,
which has a detector area A = 0.1 m2 and effec-
tive viewing angle of Ω = 1.45 sr: F (≻ Qi) =
(N (≻ Qi) f (π/Ω)) / (T A), whereN (≻ Qi) is the
numberof eventswith ion grid charge greaterthan Qi,
f is a scalingfactor to accountfor missingdata(dueto
deadtime and count file data,and T is the time inter-
val over which the observationswere made. Figure 3
shows the calculatedcumulative fluxes for cluster and
non-clusterdata. The ion grid signalsare saturatedat
Qi = 2 × 10−10 C. The debris(cluster)datashow rela-
tively greaterfluxesat smallercharges.

Figure 3. Cumulative fluxeson GORID asa functionof
ion grid charge.

Figure4 showsthecumulativemassdistributionsderived
usingrepresentativesinglevaluesof impactspeedfor de-
bris (cluster)andIP (non-cluster)eventscomparedwith

theinterplanetarymodeldescribedin (9). Thecalculated
interplanetaryflux in GEOis lower thanthemodelby a
factorof between2 and10 even thoughthis modelpro-
vides a good fit to impact crateringdata measuredon
spacecraftin LEO. The assumptionof a singlevelocity
is important.Thedistribution of speedsof interplanetary
dustrangesfrom afew to 70km s−1 andthespeeddistri-
bution usedin themodel,derivedfrom meteordata,may
not preciselyapply to the smallerparticlesdetectedby
GORID.A factorof 2 errorin speedresultsin a factorof
10 error in massbecauseof the v3.4 power relationship
betweenimpactspeedandderived massfor a given im-
pactcharge(Eqn.1). Theflux is definedby themeasured
impactrate.A higherimpactspeedwould resultin lower
massesfor theentiredistribution andhencea lower flux
atany specific mass(theactualerrorin flux woulddepend
on themassdistribution but would alsobea factorof 10
for a massdistribution index of -1). In addition,thedata
have beenconverted from GORID detectionsto fluxes
seenon a flat platedetectorpointing in the samedirec-
tion. Debrisfluxesarecalculatedfor the nominalmean
impactspeedfor GTO of 2.6 km s−1 andfor the maxi-
mumpossibleGTO impactspeedof 4.5km s−1. In both
cases,much higher fluxes are observed for debris than
interplanetaryparticlesin this sizerange. Debrisfluxes
appearto be∼20 timestheinterplanetaryflux modelfor
massesbelow 10−14 kg.

Figure 4. Cumulative massdistributions derived us-
ing a meanimpact speedsfor interplanetarydust of 31
km s−1 applied to non-clusterdataand either a mean
(2.6 km s−1) or maximum(4.5 km s−1) GTO impact
speedfor clusterdata.An interplanetarydustmodelpre-
diction (9) is shown for comparison.

We cantestif thefluxesderivedusingtheimpactspeeds
of GTO particlesare reasonableby estimatingthe total
massof dustin theGTO population. If we make asim-
ple assumptionof uniform spatialdensityof debrisin a
sphericalcloud from altitudesof 1000km to GEO and
a particle massof 10−14 kg, we derive a total massof
suchparticlesaroundtheEarthof afew hundredkg. This
is likely to be anoverestimatebecauseparticlesspenda
large fraction of their orbital time nearapogeeand the
orbital distribution of the presumedsourceshave non-
uniform inclinationdistributionsandapsidescloseto the
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equatorialplane.Alternatively, someof the debrisparti-
clesmaybemoving significantlyfasterthantheassumed
speed,and hencebe much smaller, their large charge
causingaccelerationin the magnetosphere.Without re-
liable impact speedsit is not possibleto determinethe
true fluxesto high precision.Uncertaintiesin massof a
leasta factorof 10areinevitable.

7. SUMMARY AND FUTURE WORK

Although the speedsderived from rise-timesin GORID
data are not reliable, the clustering of events can be
used to discriminatebetweenspacedebris and inter-
planetaryparticles. The detectionrate of interplane-
tary events is 0.54 d−1 and debrisevents is 2.46 d−1.
The meanfluxes are 1.35× 10−4 m−2 s−1 for IP and
6.1× 10−4 m−2 s−1 for debrisat thedetectionthreshold
of Qi = 1.3× 10−13 C. Thefluxes ofinterplanetarypar-
ticlesarereasonablycloseto thewell-definedmodelpre-
diction, allowing for the impactspeeduncertainty. De-
tectabilityof debrismaybeinfluencedby chargingmech-
anismsin themagnetosphere.

One possibleexplanation for the clusterscould be a
closely-packeddebriscloudor aslagparticlebreakingup
underelectrostaticfragmentation.Work by (11) demon-
stratedthat a debriscloud from a GEO insertionburn
couldstaytogetherfor weeksandmonthsto givemultiple
impactswith the sametime stamp.A differentwork by
Felix vanderSommen(personalcommunication)showed
thata closely-packeddebriscloudoriginatingnearGEO
couldbedetectedby GORIDasacluster, if: 1) initial ve-
locitiesareverylow, and2) they arechargedenough.An-
otherpossibilityis electrostaticfragmentation,whichhas
beenconsideredfor clusteredphenomenain the Earth’s
magnetospherebefore(e.g. (12)). Slagparticlesfrom a
rocket GTO or GEOburn might fragmentuponentering
the highly energetic environmentof the magnetospheric
plasmasheet.Thesepossibilitiesneedto beinvestigated
further.
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