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ABSTRACT

The heliocertric orbital distribution of Earthimpacting
meteoroid is providedvia routine surweillance usingthe
radarmoritoring systemAdvancedMeteor Orbit Radar
(AMOR). Thisorbitaldescrigion of theSolarSystendust
popuation providesthe speedanddirectioral character
istics of the influx of this extemal dustinto the Earths
ervironment.Detailsof this high-speedaclgrourd dust
compamentareimpoitantinputsfor assessinghe multi-

ple contibutionsto the spacedebis popuation.
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1. INTRODUCTION

In order to determire the backgound to the artifi-
cial Eartheorbiting debrispopulation, it is important to
measurehe geghysicalparametes of obsevation and
the heliocentic orbits of meteorads originating from
cometaryandasteroidhsourcesasthey appearcloseto
theEarth

Several techniges are usedto proke the interplaretary
meteoroid In-situ dustdetectionhasbeenperformedby

interplangary probessuchasUlyssesandGalileo[6; 7].

Meteoroids measued by this metha are< 1 um in size.
Non-glavitationalforcesareimportantin thisregimewith

solarradiationandelectrostati@ffectsbeingthemostim-

portant. Expeimentsinvolving the countirg andcharac-
terizationof surfacesexposedto the interplaretary dust
cloud [10] also may be usedto give coarseorhital dis-

tributions. Lunar craterfrequengy andsize distributions
may alsobe usedfor theseexperimentq9]. Studyof the
zodiacallight intensity[11] providesestimatef spatial
densityof dust.

Obsenation of meteoricdustablationin the atmosphe
provides a particulaty valuablestudytechnige. Opti-
cal methals (TV intensifier superschmdt, and small-
camera)yield very accuate orbits for obseved mete-
ors. Radarmethals, while lessaccuratefor individual
orbits, are able to sampledustthroughou the day and
night contiruouslyduringtheyearwith several ordes of
magnituek increasein the datarate comparedwith that
obtainedoptically easily possible. Radar aswith other
methodshasinherent biases—hwever by correctingfor
theseknown effectsone may obtainhigh resolutionand
statisticallyaccurateorhital distributions.

2. THEAMORFACILITY

The AMOR facility (geogaphicd coordnates172°39’ E,
43°34' S) is the only radarsystemroutinely cataloging
theorbits of meteorads [1; 2; 3]. Thesystemhasbeenin

operatim since1990in anincreaingly time-cantinuaus
mode:currently ~ 9 x 10® high qudity meteooid orbits
with alimiting sizeof 40 pm (mass~ 3 x 10~ kg) have
beensecured

AMOR usesazimuttally narow antema beans to lo-
catethemeteolionizationtrainimplicity—suchanarrav
beamhasthe addedadvanta@ of permitting anincrease
in radargain allowing the detectionof very small parti-
cles. In orde to obtainthe preimpactheliocentic orbit
of the particleits obsereddirectioral velocity mustfirst
bemeasued. Thisis accomfishedby thecomparisonof
returnedechoprofilesfrom the centralsite andfrom two
remotesiteslocated~ 8 km westandnorth of that(see
figure 1). The signalsfrom the remde sitesarerelayed
by UHF telemetry Analysis of the Fresneldiffraction
patternobseredon ~ 30% of meteorprofilesallows an
indepenlentmeasur®f thein-atmoserespeedor vali-
dationpurpases.A dual-spacig interferaneteris formed
from threereceving antenms at the centralsite provid-
ing unanbiguaus elevation anglemeasurerants. An az-
imuthalinterfelometeris unneessarydueto the narrav
(1.6° full width half power) azimuthalextert of thetrans-
mitted beam.The meteooid orbital uncertaities arising
from the slight ambigtity in the position of the meteor
within thebeamareof asimilar sizeto the~ 0.5° uncer
tainty inheren in the elevationmeasuement.Uncertain-
tiesin thevelocity compmentsaretypically ~ 3%.

A recen addition to the systemhasbeena setof East-
Westoriertatedantenna. As showvn in figure 1 thesean-
tennashave look directiors perpemicularto the original

North-Saith antemasand supplementhe sky coverage
available. The systemautomaticallyswitchesbetween
thetwo arraydirectiors every 10 minutesin orderto sam-
ple both directiors. GPSsynchramizationis usedto en-
surethatall compnerts areswitchedsimultan@usly.

Theproessof datareductian is comgetelycompuerized
with autonated algorithms providing objective qudity
control, and redu@d orbits and topocettric parametes,
for eachmeteordetectim. Theradarfacility has~ 95%
operatimal time with continwal suneillance by modem
communicationenalling pronpt actionto averttechnical
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Figure 1. Scematicof the AMORfacility. Thecential site compriseghe transmittes; orthogonal transmittingarrays;
elevationfinding dud-spacinginterfeometereceivingantenrasfor eac directionandoperations control.
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Figure 2. Atypical AMOR observaion. Theupper 3tracescorrespondo receivecechoamplituce fromtheNorth (N), West
(W),andCentual (C), receiversites. The3 lower tracesare thethreeindepenlentphesesmeasuedby theinterfeometer
All of the signalsshownare digitizedwith values rangingfrom 0—25 which corresponlsto a 0 — 27 range for phase



problens. Datais alsotransfered from thefield station
by modemlink daily for promg rediction andstorage.

Figure 2 shaws a typical echowith Fresneloscillations
clearly visible on the receved echo amgitudes and a
cleartime-lagin arrival of thesignalsatthedifferentsites
allowing accuraterelocity measurerant. The (wrapped)
phasesignalsusedto determire elevationarealsoshavn.

Scalarspeeds availablefrom the early phaserecordof

eachinterferaneterchanné andelevationis deternined

from interferometephasdifferences.

2.1. Calibrationof AMOR

It is essentiato establisithecorrect calibrationof AMOR

for the reduction of heliocertric meteooid orbits. The
speedis calibratedby comparison of the signal time-
delay derived speedsaganst that obtaired from Fresnel
patterns. The antenia beampatternis establishedby
equipmaet calibraion asarethe varioustime-lags which
occurin the hardware Thedirectinal behaiour of the
systemis furthe calibratedby astrononital means Sev-

eralknown shavers(n Aquaids, Sth.§ Aquarids,a Scor

piids, andy Scorpiids) wereusedto provide this calibra-
tion [1; 2]. Theseshavershave well establishearbital
parametes providedby otherobserationalmethod, e.g.
photogaphicsuneys. Uncertaintiesn the AMOR orbital
elementsare ~ 2° in angilar paranetersand~ 5% in

sizeparametes[1].

3. SURVEY OF THE EARTH-IMPACTING
METEOROID POPULATION

AMOR is the mostsensitve orhit determinimg radaryet
build. It hasalso accumilated an order of magritude
more meteororhits thanhadall of the previous suneys
[2]. Galligan[5] hasshavn thatthe AMOR datasetcon-
tains vely few discerrible streams(arising becauseof
thesmallermasddistribution index for cometay released
grains): it is dominded by the non-stream baclgrowund.
Thischaracteristisvhencoupledwith its nearcontinuaus
operatiommakesit idealfor probingthelarge-scalestruc-
ture of the nearEarth dustbaclground. Measuremetof
the dustflux backgobundis necessaryn orde to deter
minethecontrikution to thetotal flux measuredrom par
ticlesin Earthorhit. Most of themeteorads measuedby
AMOR areon non£Earthorhits. However a smallcompm-
nentof the AMOR archives derivesfrom debrisorbiting
the Earthwhichin-fall at~ 7 kms~!. Theprokability of
detectingparticlesmpactingwith slow geocetric speeds
is lower thanthat of thoseat higher speedsdueto the
depenénceof ionizatin efficiengy on the meteordd’s
speed[4; 8] hencelow speedimpactingdebriswill be
undeestimatedy AMOR.
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Figure 3. The inclination distribution as observeddi-
rectly (above) and after correctionfor the strongestde-
tectionbiaseffects(below).

3.1 Orbital Distributions

An ongping aspectbof work onthe AMOR datasetis the
correctio of variousbiaseffectinherentin radardetected
datasets. Primarily thesecorrections relateto the re-

sponsefunction of the rada to meteorsappering from

particulardirectiors, the ionizatim efficiency of the me-

teor, and the probaility of collision of a meteoron a

givenorhit with the Earth. Correctedistributionsof se-
lectedorbital parametes areshavn hereto illustratethe
level to which the directly obsened distributions arebi-

ased.Thedatausedfor thesegraghs consistsof 5 x 10°

meteorgletectedetweerl995and1999by AMOR from

which the shaversidentifiedin Galligan[5] have been
removed. Thework on thesedistributionsis in progess
andtherefae they maychang astheresultof furtherbias
correctiaon applicatians.

Figure3 shavsthedirectly obseredandcorrecteddistri-
butionsof inclination(notethatthe correcteddistribution
shaws a relative, not an absolutemeteorcourt, in each
histogrambin. The correctechistograns in eachcasein
this paperhave beenarbitraily scaledto cortain a total
of 10% meteos). The retrogade meteoréd popuation
(i > 90°) is seento be severelycurtailed. Thisis dueto
thehighergeoentricspeed®f meteooidson suchorbits
which are over-emplasizeddueto their high ionization
efficiencies. The correctian in fact prodicesa curve ex-
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Figure 4. Theperiheliondistane distribution as observedlirectly (top) and after correctionfor the strongestdetection
biaseffects(below). Thedatasetis partitioned into prograde orbits (left) andretrograde(right).
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Figure 5. The eccentricitydistribution as observeddirectly (top) and after correctionfor the strongestdetectionbias
effects(below). Thedatasetis partitionedinto progradeorbits (left) andretrograde(right).



ponetially decayig from ~ 7° towards 90°. An inter
estingfeatureis the removal of the obsered popuation
of nearecliptic meteorswhich had previously beenthe
mostdomirant. Thecorrectionfor the collision prokabil-
ity with the Earthremovesthe significarce of this popu-
lation dueto the high probaility of detectiorof particles
having orhits lying ontheecliptic (P ~ (sini)~!).

Theobsened periteliondistanceq) andeccentricity(e)

distributionsareshavn in figures4 and>5. It is interest-
ing to studythe differencebetweenan essentiallycom-
pletely biasdriven distribution (retrogademeteors)and
onewhich cortainssomeunderlying structure(prograc
meteors).Therefoe the datasethasbeenpartitionedac-
cordingto orbital directian in thesefigures.

Direct obsevation of the ¢-distribution revealsa strong
peakatq ~ 1 AU for both progadeandretrogademe-

teors. This stemsfrom the increaedprobability of col-

lision of orbiting dustat the exact orbital radius of the
Earth—metemids on steeplyinclined orbits are likely

to achieve perihelionat their orbital nodesas their in-

clinationwill increasehe distanceto the Sunmarkedly
asthey proceedfrom this point; the radial speedcom-
ponen at Earth intersectionis also nil if perikelion or

aphelionare achieved at that time hencethe probability

of detections alsoincreased.Thecorrectedlistributions
for both partitionstherebre remove thesepeals on col-

lisional prabability grounds. A declinein meteornum-
bersin boththeoriginal andcorrecteddistributions corre-
spondsgo thatexpecteddueto a precbminarily cometary
origin of meteorads—theclosera cometis to the Sun
themoredustis releasedIn further corrdboratian of this

linkagethepeals atrelatively eccentricrbitsis alsosim-

ilar to thatexpectedrom cometaryprogenitors.

Figure5 shaws the obsered and correcteddistributions
of eccentricitywith partitiors again accordng to pro-
gradeor retrogade direction The nearcircuar retro-
gradeorhits areremovedaccordng to thecollision prob-
ability correctim—the more elliptic the orbit the less
likely we areto detectit. Nearparalolic orhits in a pro-
gradesensareremoveddueto their high orbital speedht
detectionwhich is correctedby theionizatin efficiengy
factor A correcteddistribution remainswheremostor-

bitshave e € [0.5,0.95]. It shouldbe notedthatboththe
correctecandoriginal distributions appeato showv asud-
dentruncation of the distribution at the parabdic limit.

Themajoiity of hyperbolicorhits appeamith eccentri¢

tiescloseto 1 andin mary casegheseorbitsaretruly el-
liptic but have beenmeasuredshyperbdics purely due
to measurmentuncertairy.

Theseorbital correctionsillustratethe strengh of the un-
derlyingbiasconditionsin aradardatasetwhich mustbe
undestoodandremoved. Thedetectedlux is alsobiased
by effeds includng thosedueto the diffusion character
istics of the plasmain the atmospkre, the effect of the
meteoricplasmacolumn radius on the radar scattering
cross-sectionand daytimeradio interfererre. Ongang
work involvesaccountig for suchbiasesanddetermin-

ing the flux of interplaretary dustat distancesetweéeh
0.98and1.02AU from the Sun.
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