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Abstract. Groundoptical datain conjunctionwith particle
measuremenfsom FAST orbit 1859arepresentedThesatel-
lite crosseghe camera®eldof view for about2.5 minutes.
The recordeddatashowa large inverted-Vwith embedded
ion beamspatterrmostprobablyresultedrom altitudeshifts
of the lower borderof the acceleratiorregion. The optical
observationsoveralongerperiod,andenableconnectiorof
satellitedeterminedeatureswith later developmentsf the
auroralstructure. On this longertime scalesmall enhance-
mentsin theenegy ux pumpednto ionospheregoincident
with ion beamsseento amplify andevolveinto fully devel-
opedvisible arcs. Field alignedelectronprecipitationmea-
suredin front of theion beamgogethemwith normalmotion
of the auroralstructurecontributeto building up a coherent
scenario.

1 Intr oduction

Optical datahavebeenusedfor long in studiesdevotedto
bothlarge-scalge.g. Akasofu,1968; AngerandLui, 1973)
andsmall-scaldeaturege.g.MaggsandDavis,1968;Meng,
1976)of theaurora.

Onedistincttopic, givenconstanattentioralongthetime,
refersto theenegy sourcefeedingtheauroraldisplay Start-
ing with the pioneeringarticle of Mcllwain (1960), the re-
lationshipbetween keV electronsandthe optical
signatureof aurorawasintensivelyexplored(for reviewssee
Arnoldy,1974;Meng,1978).Morerecently conjugatedtud-
iesusingground-basedpticalandsatellitedatashowedjuite
convincinglytheone-to-oneelationshipbetweertheauroral
arcsandthe featuresof the electronspectrae.g. Haerendel
etal., 1994;Stenbaek-Nielseatal., 1998).

Howevertotheknowledgeof theauthorsthereis nostudy
yettrying to establisha relationbetweerion beamsandvis-
ible auroralarcs. To avoid confusionwe emphasizéhatwe
referto theupwardcurrentregion. Forthedownwardcurrent
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regiontherelationbetweerionsandaurorahasbeenstudied
sincelongtime ago(for areviewseeHultqvist,1979).

This is not very surprising. Auroral luminosity is struc-
turedinto arcsin theupwardcurrentregionasadirectconse-
guenceof enegeticelectronprecipitation.Althoughtheions
takeactivepartin variousenegizationprocessege.g.Shel-
ley etal.,1976;Sharpetal., 1977;Gorneyetal., 1981;Reiff
etal., 1988;Andréetal., 1998),theion effectscouldbecon-
siderechs®secondrder with respecto light emission Nev-
erthelesstrying to relateauroralstructuresandionospheric
ions,in particularion beamscouldoffer newinsightto auro-
ral processesilt is especiallysuitedto try suchanapproach
at presentwhennew generation®f instrumentgive better
accesgo small-scalgphenomena.

We shall further presenta conjunctioneventbetweena
groundTV camerandthe FAST satellite.Ontheshortettime
scaleof the satellitepassthroughthe cameras ®eldof view
(FoV) the particle measurementsuggesthe altitude of the
acceleratiomegion(AR) changesin accordancevith recent
result§rom FAST (Carlsoretal.,1998;McFadderetal.,1999).
On thelongertime scaleof the optical observatioronecan
follow thedevelopmentf thearcsystenwhichrevealsapos-
siblerelationbetweerion beamsandvisible arcs.

2 Instrumentation
2.1 Ground-basedameras

Auroralimagesveretakenwith threeimage-intensi®edCD
cameragwo of them,Aur-A andAur-B, equippedvith large-
angleoptics ( ), and one, Aur-D, equippedwith
narrow-angleptics( ) . Duringtheobservationse-
portedherethe camerasvereoperatedvith  650nm edge
®lters.Theimageswverestoredonvideotape atarateof 25/s
if enougHuminositypresentTheexposurdimecouldbead-
justedto eitherafractionor amultiple of 40ms, thestandard
PAL TV norm. Theraw optical datawere later digitized to
pixel arrayswith 8-bit depth.
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2.2 Satellitedetectors

FASTis equippedvith state-of-thartdetectorsfor bothplas-
maand®eldobservationsThe very high resolutionpermits
a detailedstudy of small-scalephenomenain particularof
ion-beamevents Forthis papemwe usedatacomingfromthe
electron(EESA)andion (IESA) spectrometerfCarlsonand
McFadden,1998). The enegy rangeof thetwo instruments
is4eVx30keVand3eV +25keVrespectivelydividedinto
48 channelsA completeenegy sweepis donein 78 msand
atypicaltemporakesolutionduringtheauroraloval crossing
is 312ms (4 enegy sweepsare groupedtogether). The in-
strument&nsuregermanentull pitch-anglecoveragewith a
resolutionof . Datafrom thetri-axial "ux-gate magne-
tometer(Elphicetal., 1998)werealsousedto double-check
theupward/downwaraharacteof the current.

3 Datadescription
3.1 Opticaldata

Groundimagesin conjunctionwith FAST wereobtainedon
9 andl3 of February97, duringanauroralcampaigrat
DeadhorsélLat. ,Lon. ), Alaska.In thisstudy
we focus on the ®rst event, which took place between
UT 8:21:00and 8:23:20. The optical datausedcomefrom
Aur-A andcovera longertime interval, UT 8:18- 9:14. A
sequencef 9 frames,1 minuteapart,centeredn the con-
junctioninterval,is shownin Fig. 1. The 1 minuteresulted
by visualevaluatiorasareasonabléme-scaldor thechange
of theauroraldisplay Theframesaresequentialinumbered
in theupperright corner for betterreadability Onecanalso

Fig. 1. Selectiorof auroralimages;1 minute
aparttakenwith Aur-A onFebruang, 1997,
UT 8:18+8:26. The North and Eastdirec-
tionspointroughlyto theleft andto thebot-
tom, respectively For betteridenti®cation
theframesarenumberedgequentially FAST
crossesthe cameras FoV in frames4,5,6.
Fortheseframesthe projectionof thetrajec-
tory is indicatedandthe satellites footprint
is shownasa square. Thelimits of theion
beamsseenby FAST are overplottedin all
theframes(seetext).

read,in theuppereft corneyrtheexposurdime: 200° means
40 msand?-01° means20 ms. Note thatthe exposurdime
doubledor thelastframe.

Forthetime periodwhenFAST crossedhecameras FoV
(frames4,5,6) we indicatedthe satellite’s footprint at iono-
spheridevel (110km). Theinstantaneousatellite’s position
is shown as a square(the mapping viewing-direction
image-pixelwas done by recordingreferenceframeswith
bright, well-known stars). Onecantestthatthe FAST foot-
print is at the right place: the time for the maximumenegy
“ux, asderivedfrom brightnesslata,is closeto thatderived
from EESAdata(Fig. 2). Cross-correlatiomf the two data
arraysproducesagoodagreementyithin alimit of 2-3s.

Theenepgy "uxesin Fig. 2 aregivenin relativeunits. An
absolutecalibrationof the cameraganalso,in principle,be
achievedHoweverthefootprintof FAST pathis far fromthe
magnetizenith(  maximumelevatiorwhile themagnetic
zenithis ), sothatbrightnesgannotbedirectly compared
to enegy ux. Theoff zenithtrajectoryof FAST is alsothe
reasorfor thediscrepancyexcepfor themaximum between
opticalandelectrondatain Fig. 2.

Oneachramein Fig. 1theionbeamsasreadin IESA data
(seebelow),areidenti®edvith aletter: A ... D. Foreachion
beamthe beginningandthe endareindicated.Notethatthe
satelliteactuallyencountergon beamsbetweerB:22:04and
8:22:57. Marking of all the framesis only meantto give a
betterideaaboutthe temporalevolutionof luminosityatthe
placesvhereFAST is goingto meetor hasmetthebeams.

For presentatiompurposesa contrast-enhancemeptoce-
dureb histogram-equalizatidd wasapplied(for detailssee
Researclsystems|nc., 1995). At the sametime this proce-
durepartiallycompensatebelossof brightnessvhenshorter



Journal:PhysicsandChemistryof the Earth
MS No.: p1-12
Firstauthor:OctavMarghitu

FAST Orbit 1859: Conjunction
with ground TV camera
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Fig. 2. Theenegy ux resultingfrom optical datacomparedo the enegy
“ux resultingfrom particledata. The uxes arerepresenteth relativeunits,
scaledo themaximumvalue.

exposurdimesareusedandmakeghelow luminositystruc-
turesmoreevident(on the conditionthat the exposurgime
wasneverthelesbng enoughto getsomethingon thetape).
Thebrightnespro®le shownin Fig. 2, is notaffectedby this
processing.

3.2 FAST data

DuringtheconjunctionFAST wasneartheapogeeatanalti-
tudeof 3800+390&m. In theuppermartof Fig. 3 we present
particleand magnetic®elddatacorrespondindo the FAST
crossingof the cameras FoV. Panelsl and 3 showenegy
spectrogramdgor downgoing electronsand upgoing ions,
while panel2 and4 showpitch-anglespectrogramfor elec-
tronsandions overthe whole measurecnegy range. The
mostprominenfeaturan thespectrograms alargeinverted-
V whichencompassesmultiple ion-beamperiod. The peak
enegyisoverplottedor bothelectronsandionsin therespec-
tive enegy spectrogramsjuringtheion beamperiod. Panel
5showsgheperturbatioomagneti®eldthreecomponentsyri-
entedroughly N+S,E+W, andalong-B.The smallN+Sand
along-B variationscorrespondo ExW current-sheets®rst
downwardandthenupward which agreewell with the parti-
cle data.

Electronenegy ux and®eld-alignedFA) potentialare
givenatthebottomof Fig. 3 for theinverted-Vperiod. The
enegy ux is mappedationospheridevel andthe full-line
curveis correctedo takeinto accounthepotentialbelowthe
satelliteduringion beamevents:

istakento beequaltothepeakenegy of theFA down-
goingelectrons. is calculatedhe sameway from ion
spectra. The phenomenologicdimits of 1 erg/cm sand1
keV areoverplottedn therespectiveenegy ux andpoten-
tial panels.

Fig. 3. FAST data,orbit 1859. Top Panell: Enegy spectrogranior down-
going electrons.Panel2: Electronpitch-anglespectrogramPanel3: En-
ey spectrogranfor the upgoingions. Panel4: lon pitch-anglespectro-
gram. Panel5: The 3 component®f the perturbatiormagnetic®eld. The
dottedvertical cutsaredoneat the timesof frames?4°, 285° and26° from
Fig.1. Thefull-line verticalcutsA ... D showthetimesfor theplotsin Fig. 4.
Bottom Panell: Electronenegy "ux intoionospheremappedat110km al-
titude. Thefull-line correctsthe enegy "ux duringtheion beameventsby
takinginto accounthethe potentialbelowthe satellite.Panel2: FA poten-
tial, bellowthesatellite abovethe satelliteandtotal. Thephenomenologida
threshold®f 1 erg/cm s, respectivelyl keV, arealso®gured.
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4 Discussion

On the shortertime scaleof the satelliteoverpasghe auro-
ral displayis dominatedby a large inverted-V arc, roughly
70 km large at ionospheridevel (seeFig. 1, frames4,5,6).
Theluminosity patternshowdlittle modi®cationexcepffor a
slowsouthwardnotionof thearc. Thismotioncanbenoticed
by comparinghepositionof thearcsoutherredgeacrosghe
abovementionedrames.Thevelocity of the motioncanbe
estimatedat about100m/s. We shallreturnto this valuebe-
low.

The satellite datadescribethe auroralsituationin much
moredetail. For the ®rstpart of the overpasonecannote
in Fig. 3 characteristideaturesof the downwardcurrentre-
gion: upwardelectronbeamgqpanel2), isotropic,exceptfor
theloss-coneion precipitation(panel), positiveslopeof the
E-W magneticcomponen{panel5). All theseassociatevell
with thediffuseluminosityareapresentn Fig. 1 atthesouth-
ern (right) side. North of this region, between8:22:00and
8:23:20, the satellite entersthe upward currentregion, in
agreemenwith thelargescalecurrentpatternfor theevening
sectof(lijima andPotemral978)andcrosseslargeinverted-
V, with embeddedon beams.Therepeatedncounteof ion
beamsassociatedvith the optical observatiorwhich showa
stablesituationduringthesatellitescrossingsuggesthatthe
altitudeof thelowerborderof theAR changeslongthesatel-
lite path, alternativelypassingaboveand below it, which
seemgo bearelativelycommonbehaviorat the FAST alti-
tude(McFadderetal., 1999,in particularplate9).

However onthelongertime scaleof theimagesequence
presentedh Fig. 1 onecanseethatthesituationis nolonger
asstable.Theauroraldisplayevolved from oneroot-arcto a
multiple-arcstructure.Theincreaseaxposurdimeis partly
responsibldor thebettervisibility of the structuremultiplic-
ity in thelastframe.Nonethelessasonecanseeby inspect-
ingtheother8 frameswheretheexposuréimeremainedon-
stant,thereis a clearevolutionindependenof instrumental
reasons.

As a®rststeptowardsestablishing closerconnectiorbe-
tweenthe satelliteandthe optical observatioret uslook in
more detail to the bottompanelsof Fig. 3. Onecanimme-
diatelynotethe closesimilarity betweertheenegy ux and
total implied potential,J ~ andU , in goodagreement
with theadiabatidheoryof auroralenegization(e.g.Knight,
1973;Lyonsetal.,1979;Lyons,1980;FridmanandLemaire,
1980)andwith thelargeinverted-Vcharacteof the auroral
structure An interestingaspects revealedvhenrelatingthe
datato thephenomenologicadimits of 1 erg/cm sandl1keV.
The ®rstonecorrespondsoughlyto thevisibility threshold,
whenlooking into the zenith, while the secondoneis men-
tionedin variouspapersasathresholdn auroralelectronpre-
cipitation(seeSemeteetal.,2000,andreferencegherein). It
is obviousthatboththeenegy "ux andtheFA potentialcome
abovetherespectivehresholdsatroughlythesametime. In-
cidentallyif onecalculatesheFA conductivity ,
resultingfrom thesetwo values,onegets10 S/m, atypi-
cal valuefor stablearcs(Olssonetal., 1998,tablel), asit is

alsoour arc, atleastfor thedurationof the satellitepass.

If we nowlook morecarefully, we canseethat,apartfrom
themainarc, thereareothertwo smallenhancementsf the
enegy ux, around22:43and22:53(labeledC andD, in cor
respondencwith theion beams).Theyarenotvisiblein the
luminositypatternduringthesatelliteoverpassgdueto theoff
zenithpositionandthe shortexposurdime, setto accommo-
datethe bright mainarc. However aboutthreeminuteslater
(frame8 in Fig. 1), two new arcshecomevisible at the re-
spectivepositionsC andD. It is morethanplausiblethatthe
two enegy ux enhancemenisvolvedinto fully developed,
visiblearcs.

More insightto this presumeavolutioncanbe gainedby
focusingourattentionontheion beams As animmediatere-
mark, the bottompanelsof Fig. 3 suggest correlationbe-
tweenthe ion beamenegy andthe total potentialdrop, as
well astheassociatiorof theion beamswith gradientsn the
totalpotentialandenegy "ux. Thesuggestedonnectiorbe-
tweentheevolutionof theluminositypatterrandtheenhance-
mentsin enegy ux snapshotedy FAST would thusbe ex-
tendedto ion beams.Sucha featureseemdo be, however
ratherpeculiarto the caseunderstudy andis not supported
by otherFAST data,which apparentlyshowsno correlation
betweertheion beamsandthe total potentialdropor gradi-
entsin this potentialdrop (McFadderetal., 1998).

Nonethelesgakinginto accountheopticalevidenceit is
worth deepeninghe explorationof theion beams.A com-
monimportantfeatureis the presencef FA electronprecipi-
tationjustin front of eachbeamwhichis bestseerin enegy+
pitch-anglecontourplots. Figure4 showsa selectiorof such
diagramswhich respectivelycorrespondo the A ... D cuts
in Fig. 3. It is necessaryo mentionthata) thesearenotthe
only measurementhowingFA precipitationalongthe satel-
lite pathandb) the extensiorof suchperiodsvariesbetween
aboutl s., in front of beamA, up to about4 s., completely
coveringthe periodbetweerbeamsB andC. Keepingthese
two factsin mind we shallfurtheranalyzethe signi®cancef
the FA precipitationprecedingheion beams.

Associationof FA electronsandupgoingionshasalready
beenobservedy the S3-3spacecraffTemerinetal., 1981;
Mizeraetal., 1982;Redsuretal., 1985). The sequentiabp-
pearancef theelectronsandionswasinterpretecashappen-
ing on oppositesidesof electrostaticshocks. Later McFad-
denet al. (1986) attributedFA electronprecipitationat the
edgeof anarcto coldionospherielectronsonvectedbove
the AR andsubsequentlgnegizedby theFA potentialdrop.
Suchamechanismvouldimply anelectrondistributionwith
amonoenggeticpeak whichwouldmatchquitewell with the
sampledatain Fig. 4. Oneapparentif®cultyis thatonly the
®rstFA burstappearsat the edge,all the otherscomeunder
thelargeinverted-V This dif®cultycanbe overcomeby tak-
ing into accountthe varying altitude of the lower borderof
theAR, whichmakegossibleasimilarmechanisneachtime
FAST passe$rom belowthis lower borderto aboveit. Pre-
liminary analysisshowin additionthatduringion beamperi-
odstheupperborderof AR comeguitecloseto thesatellite,
sothatacceleratedlectrondavejustashortwaytotravelup
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todetectionwhichpreventhefrequentlyobservedattening
of thedistribution.

Furthersupportto acoherenwiew of the observedptical
and particlefeaturescomeswhenconsideringhe estimated
100m/snormalvelocityof theauroralstructure In aserieof
papersHaerende(1989,1994,1999)suggeste@ modelfor
the acceleratiorof the auroralparticleswhich naturallyim-
pliesthe normalmotionof thearc. In this modelthekinetic
enepy of theelectrongs suppliedby conversiorof magnetic
enegy, atthelevelof the AR. If theinputenepy is largeror
smallerthanthe outputenegy, theauroralcurrentcircuit ex-
pandsor shrinks which produceshemotionof thearc. lono-
sphericplasmais thusacceleratedt the leadingedgeof the
arc, appearingas FA electronprecipitation, coming from
above,andion beams,comingfrom below The predicted
propermotion of the arcsis in closeagreementvith the ex-
perimentameasuremen{$iaerendeétal., 1993;Freyetal.,
1996) butonehasto becarefulwhencomparingothemodel:
thenormalvelocityrefersto themotionof thearcin therefer
encesystemof theambientplasmaj.e. in orderto getit one
hasto subtracthe plasmavelocity - e.g. radardetermined
from the velocity of the arc. Thereis noradarmeasurement
availablefor theperiodandlocationreferredto in this study
but exceptfor this the dataarein goodagreementvith the
model.

As a®nalpoint, the maingoal of this studyis to showob-
servationsuggestinghata morethanaccidentabonnection
could exist betweenvisible auroral arcs and ion beams.

Fig. 4. Enegy+pitch-angledistribution
snapshotgor electrons shortly beforeeach
of thefour ion beams.

To put the observatioron a soundbasis,work is currently
donetowardsafull exploitingof theinformationcontainedn

thedistributionfunctionsprovidedbothby the EESA/ IESA

spectrometersgs well as by the massspectrometeaboard
FAST (TEAMS, Klumpar et al., 1998). Importantresults
which are expectedrom the detailedanalysisof the distri-

butionfunctionsincludea goodidenti®catiorof the various
plasmapopulationsanda reasonablevaluatiorof thealtitu-

dinallimits of theAR, implicitly of theelectric®elddistribu-
tion alongthe magnetic®eldline.

5 Concluding remarks

Opticaldatafromaground-basedamerain conjunctiorwith
FAST data,for oneauroraloverpasswereinvestigatedThe
satellitedatawereinterpretedn termsof the altitudeshift of
thelower borderof theacceleratiomegion.FA electronpre-
cipitationin front of theion beamss consistenbothwith this
altitudevariationandwith the normalmotionof thearc, vis-
ible in the opticaldata. Following the luminosity patternon
thelongertime scaleof theopticalobservatiosuggestapos-
siblerelationbetweerion beamsandvisible auroralarcs.
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