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Abstract

Thiswork is basedonthecommissioningdatafrom theRosettaLangmuirprobeinstrument(aka
LAP) receivedin May 7-11,2004.At �rst, we workedon ESA'shierarchyandstructurefor the
LAP dataandwroteabasecodeto browsethroughthesedataanddisplaythemin a typical cur-
rentvs biasvoltagecurve. Thenwe improved thegraphicalfunctionalitiesandfeaturesof this
browsingsoftwarenow calledPDS_browser, andaddeda modelto �t theinstrumentmeasure-
mentsin orderto evaluateits performanceandderive somephysicalparameters.Thesoftware
indeedallowedto getsomerealisticvaluesfor thespacecraftpotential,andthedifferentcurrent
contributionsaswell asfor thetemperatures.Finally, whenplottedagainsttime,thedatashowed
a predictablebehaviour andthe differentparametersseemto be well correlatedamongsteach
other thoughthey don't really matchwith measurementsfrom the ACE spacecraft,probably
becausethepropertiesof thesolarwind arenothomogeneouson sucha largescale.
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1 Intr oduction

The Rosettaprobemissionis a hugeESA (EuropeanSpaceAgency) project involving many
Europeancountriesandwith a budgetof around1M euros. Its aim is to investigateat a close
rangeacomet(currently67P/Churyumov-Gerasimenko) with abroadvarietyof onboardinstru-
mentsallowing to probethecometwith respectto differentaspects(nucleusinhomogeneities,
chemicalcomposition,plasmaenvironment.. . ).

Besidesthe study of the comet,since it' s a very long journey 1 (seeFig. 1) to reachit
(around10 years),Rosettawill provide the opportunityto study Mars and Earth ionosphere
andmagnetic�eld (during �y-bys). In addition,Rosettawill have a closelook at 2 asteroids,
SteinsandLutetia,becauselike comets,asteroidsarewitnessesof thesolarsystemprimeand
could be a key for the understandingof the initial accretionof the solarsystem. And �nally ,
eventhoughit' s not its primarygoal,Rosettacangatherpreciousinformationsaboutsolarwind
and interplanetaryenvironmentthanksto RPC (seebelow) instruments;thoughit will be on
power-saving modemostof thetime duringthejourney to thecomet.

Figure1: Rosettajourney. Copyright: ESA.

Oneof the instruments,thedual Langmuirprobeinstrument(akaLAP) wasdesignedand

1Rosettajourney:

1. Launch,2 March20004.

2. FirstEarthswingby, 3 March2005.

3. Marsswingby, 26February2007.

4. SecondEarthswingby, 14 November2007.

5. AsteroidSteins�yby , 5 September2008.

6. Third Earth�yby , 11November2009.

7. AsteroidLutetia�yby , 10July 2010.

8. Finalmaneouvresto entercometorbit in 2013.

9. Startingcometinvestigationsin 2014.
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built at the SwedishInstitute of SpacePhysicsin Uppsalawherethis projectwork hasbeen
conducted.LAP is oneof the � ve sensorsbelongingto the RosettaPlasmaConsortium(aka
RPC)which is in chargeof thewave andplasmastudiesin Rosettamission.Those� vesensors:
theLangmuirProbe(LAP), the Ion andElectronSensor(IES), the Ion CompositionAnalyser
(ICA), theFluxgateMagnetometer(MAG), andtheMutual ImpedanceProbe(MIP) have been
particularlydesignedin orderto monitorthecomaandtail compositionandstructureaswell as
their interactionswith thesolarwind E-M �eld andtheinterplanetarymedium.Figure2 shows
RPCinstrumentson Rosetta.

Figure2: RPCinstrumentsonRosetta.

Thisdocumentis the�nal reporton aprojectconsistingof two mainparts:

� Writing of a softwarefor browsingandanalyzingoneof thedatatypesprovidedby LAP,
theso-calledprobebiassweeps.

� Using thesoftwarefor analyzingtheprobebiassweepsacquiredduring theRPCopera-
tionsin May 7-11,2004.
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The documentis structuredasfollows: after this introduction,section2 brie�y describesthe
LAP instrument,andsection3 gives the theoreticalmodelusedto understandthe probebias
sweeps.Theavailabledataaredescribedin section4, while thesoftwarewritten in this project
is describedin section5. Section6 containsthe dataanalysis. Finally, section7 containsa
discussionof theresultsandideasfor thefuture.

2 Langmuir probeoverview

TheRosettaLangmuirprobeis a very versatilethoughquitesimpleinstrument:it is basically
a 2:5 cm radiustitanium spheremountedon a 15 cm stub endingwith an aluminiumwhich
canbe be attachedto a spacecraftboom,seeFig. 3. The sphereandthe stubarecoatedwith

Figure3: RosettaLangmuirProbe.

titaniumnitridewhichconductingandhardnesspropertiesaresuitablefor this instrument,since
its principleis to measurea currentwhile acertainbiasvoltageis applied(or vice-versa).From
this measurement,onecanthenderive fundamentalplasmapropertiessuchasplasmadensity,
electron(andion) temperatureand�o w velocity.

WhatmakesthedualLangmuirprobeinstrumentsuchanef�cient tool is the fact it canbe
operatedin differentmodesthanksto the associatedelectronicsandthe possibility to usetwo
Langmuirprobestogetherto performsomecomplementarymeasurements.Thus,it cannotonly
derive theessentialplasmapropertiesbut alsoinformationssuchaselectric�eld measurements
up to 8 KHz, spacecraftpotential,integratedsolarUV �ux, anddustparticleimpacts.

Though,assaidabove,LAP canbeoperatedin severaldifferentmodes,thiswork wasbased
on only onetypeof measurementmode:voltagebiassweep.Theprincipleis to vary theprobe
potentialwith respectto the spacecraft's, VB, andrecordthe collectedcurrentI p (createdby
the electrons(or ions) colliding on the probe). If the potentialis positive with respectto the
plasma,electrons(or seldomnegative ions)will beattractedby theprobeandthusit is possible
to derive theelectrondensityandtemperaturein theplasmafrom thesemeasurements.While if
thepotentialis negative, thepositive ionsarecollectedandtheinterestingvalueto derive in this
caseis theaverageion drift kinetic energy. Let's not forgetneverthelessthatsomeelectronsare
to hit theprobeevenwhenits potentialis negative just becauseof their thermalkinetic energy
andthefactthattheprobeis not still with respectto thesolarwind �o w; andthesamegoesfor
thepositive ions.
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3 Theoretical model

3.1 The envir onment

Sincethis work is mainly basedon interplanetaryplasmameasurements,it is appropriateto set
thebasicbackgroundaboutinterplanetarymediumandsolarwind environment.

Thesolarwind is a �o w of moreor lessenergeticparticlesblown away from thesun,which
spreadsradially (not isotropicallythough)in all directions. It usuallycarriesmainly electrons
andionizedhydrogen(H+ ), afew ionizedhelium(He2+ ) andseldomsomeheavier ionslikeO+ .
It alsofeaturesanembeddedmagnetic�eld, remnantof theSun's own magnetic�eld, which is
frozeninto theplasmaitself andis a greatdealof importancebecauseof its effectson theother
magnetic�elds of thesolarsystembodies.However, this magnetic�eld hasa weakin�uence
onthestatisticalpropertiesof theplasmaandontheprobemeasurementssoit will notbeof our
concernin thiswork.

Thesolarwind propertiescanvaryonalargescalebecausethey aretightly boundto thesolar
activity (variationswithin afactorof two arequitecommon),howeverunderusualconditionsof
solaractivity onecanobserve sometypical valuesin the interplanetarymediumastheonesin
Table1.

Protondensity 6:6 cm� 3

Electrondensity 7:1 cm� 3

He2+ density 0:25 cm� 3

Flow speed(nearlyradial) 450km.s� 1

Protontemperature 1:2 � 105 K
Electrontemperature 1:4 � 105 K

Table1: Observedaveragesolarwind propertiesnearEarthorbit.(from[1])

Finally, thismediumis of coursealsobathedin electro-magneticradiationscomingfrom the
Sun,especiallyvisible,ultra-violet,andinfraredlight sincetheSuncanbeconsideredasablack
bodywith maximumemissionin thevisible green,around530nm. We will seetheimportance
of thispointasthephotoelectronsemissionwill takeadominantpartin ourmodel.Someharder
radiations(X Rays)andhigherenergy particlescanalso occursubsequentlyto moreviolent
eventssuchassolar�ares or coronalmassejections(CMES).

3.2 Plasmamodel

Sincea plasmais a gasof charged particles,the motion of theseparticlesis describedby a
statisticaldistribution andby electromagneticinteractionsif thereareany. Spaceplasmaare
very tenuousso they areconsideredcollisionless,but thestatisticaldistribution for this model
is neverthelesschoosento be Maxwellian. Thus, the movementof a particleof speciesj , if
thereareno electromagneticinteractionswill be in a randomdirection,with a speedgiven by
theMaxwellianthermalvelocity,

vth =

s
kB Tj

mj
(1)
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wherem j is themassof particleof speciesj , Tj is thetemperatureof particleof speciesj in the
plasmaandkB is theBoltzmannconstant.Of coursein a solarwind plasmatheparticlesalso
have thespeedof the�o w with respectto aslow moving frameof referencelike Rosettaprobe.

Thenfor electromagneticinteractions,thestartingpoint is to considertheelectrostaticpo-
tentialgeneratedby apointparticleof chargeq givenby

V(r ) =
q

4� "0r
(2)

wherer is thedistanceto the particleand" 0 is the vacuumelectricpermittivity. In a plasma,
this charge will attractchargesof oppositesign which will createa cloud aroundit, therefore
decreasingthe in�uence of this potentialbecauseof their oppositecharge. Onecanshow that
thenetresultof thisshieldedpotentialis:

V (r ) =
q

4� "0r
e� r =� D (3)

where� D is calledtheDebyelengthandis givenby

� D =

s
"0kB T

nq2 (4)

whereT is the temperatureof the plasma,and n is the densitynumber(from [6] and [7]).
TheDebyelengththusrepresentsthescalesizebelow which thestrengthof thepotentialfrom
individual chargesis signi�cant; and for a given charged object, the plasmacontainedin the
volumesurroundingtheobjectbelow thisdistanceis calledtheDebyesheath.

Thepoint hereis not abouttheE-M interactionsbetweentheparticlesthemselvesbecause
their chargeis ridiculouslysmallcomparedto thedistancebetweenthem,thatthey barelyinter-
act.However, for alargescaleobjectlikeaspacecraft,thispotentialhasto betakeninto account.
Thereasonis even if thenetcharge of a plasmais null, at equalion andelectrontemperatures
theelectron�ux is higherthantheion �ux (becauseelectronshavehighervelocitiesdueto their
smallermasses)so the objectwill be hit moreoften by electronsandwill eventuallybecome
negatively chargedwith respectto theplasma.Then,asachargedbodyit will beresponsiblefor
anelectrostaticpotentialcharacterisedwith acertainDebyelengthasseenabove.
Consequently, if onewantsto measuresomeplasmacharacteristicswithouthaving thein�uence
of the spacecraft,it hasto be doneout of the spacecraft's Debyesheathandthis is the main
reasonwhy Langmuirprobesaremountedon long boomsfar from thespacecrafthull (for ro-
tatingspacecrafts,they canevenbeattachedto long wires). In Rosetta's case,theLAP1 probe
is mountedon a 2010mm boomandLAP2 is on a 1395mm one. Of course,for thedetermi-
nationof thelengthandthedeploymentdirectionof thebooms,someotherfactorssuchasthe
shadow createdby thespacecraftandthedistancebetweenthetwo probes(aswell astheother
instrumentsmountedon thebooms)have beenconsidered.

3.3 Photo-emission

Sincea lot of radiation,including UV, areemittedfrom the sunandsincethe spacecraftand
the probeareconductors,they aresubjectto photo-emission;that's to saysomeelectronsare
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strippedout whensomephotonswith the requiredenergy hit thesurfaceof a conductor. As a
result,someadditionalelectronsareemittedfrom thespacecraft,giving anincreasednumberof
electronscloseto thespacecraftcomparedto theunperturbedplasmaelectrondensity.
Besides,the effectswill be differentwetherthe spacecraft(andprobe)potentialis positive or
negative: if it is positive, theelectronswill justbestrippedout andpushedaway andthephoto-
electronsdensitywill justdecreasewith thedistancefrom thespacecraft,whereasif it is negative
someof themwill be pulled backto the spacecraftandwill be seenasa constantcloud close
aroundthespacecraft.
Thoughthe photo-emissionis usuallysmall (on the orderof 100 mA/m2) for a conductorex-
posedto UVs from thesun,it is de�nitely nonnegligible comparedto therandomelectroncur-
rentusuallyfoundin thesolarwind, andit is usuallythemajorcontributionontheion collection
side.

3.4 Probecurrents

Sincethe raw informationswe get from Langmuirprobesarecurrentsandvoltages,it is im-
portantto have a precisemodelof the currentscreatedby the differentcontributions in order
to analysethemeasurementsfrom theprobes.As saidabove, we still consideranisotropicand
collisionlessplasmawith no magnetic�eld and,asit is the casewith Rosetta,somespherical
Langmuirprobesfeaturinganhomogeneoussurface.

Thesizeof theprobealsoplaysaroleherebecauseaboveacertainsize,theDebyescreening
effect becomesso importantthat the Debyesheathwill changewith thecharge accumulation.
Hence,if we denotetheproberadiusasr p, whenr p � � D theDebyesheathis weakandthe
motionof asinglechargeis independantof themotionof otherchargesandmainlygovernedby
theprobepotential;this regimeof particlecollectionis thencalledOrbital Motion limited (aka
OML). Whereaswhenr p � � D thecollectionis saidto beSheathlimited becausetheDebye
screeningeffect is importantandthe particlesmotionwill be greatlyin�uenced by the Debye
sheath.
Fortunately, theDebyelengthin aninterplanetarymediumis within therange1-50metersand
the probesare2:5 cm of radiusso the OML approachshouldapply for all this work andone
shouldn't have to careabouttheeffectsof theDebyesheathgeneratedby theprobe.Thus,from
theoriginalworkby Mott-Smith& Langmuir(1926),onecanobtainexpressionsfor theelectron
andion currentsasfunctionsof theprobevoltagewith respectto theplasmafor we which we
have:

Vp = Vs + Vb (5)

whereVs is thespacecraftpotentialwith respectto theplasmaandVb is theappliedbiasvoltage
with respectto thespacecraft.Wealsohave therandomcurrentof speciesj de�ned as:

I j 0 = Apn j qj

s
kB Tj

2� m j
(6)

whereAp is the areaof the probe,n j the numberdensityof the particlespecies,andqj the
chargeof theparticlespecies.
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Thenfor apositive biaspotentialtheelectronandion currentsare:

I e = I e0(1 +
Vp

Te
) (7)

I i = � I i 0e� Vp =Ti (8)

andfor anegative biaspotential:

I e = I e0eVp =Te (9)

I i = � I i 0(1 �
Vp

Ti
) (10)

whereall theelectrontemperatureTe andthe ion temperatureTi in theplasmaarein electron-
volts. For a supersonic�o w like thesolarwind, therelevantenergy parameterfor theion gasis
not thetemperaturebut thedrift energy, whichgivesmodi�cationsto equations(6), (8) and(10).
However, we do not expect the ion currentderived in this work to be physicallymeaningful,
asthe ion drift energy in thesolarwind is 1 keV which is muchabove the rangeof our probe
sweeps.We thereforekeeptheexpressions(6), (8) and(10),having in mind thatthevalueof T i

couldjustaswell beinterpretedasm i v2
i =2.

Finally, lastbut not least,thephotoelectronemissionis modelledas:
For thephotoelectronsrippedoutof theprobeitself:

I f = � I f 0 = const if Vp < 0 (11)

I f = � I f 0e� Vp =Tp0 if Vpr obe > 0 (12)

A morecompletemodelcouldincludetwophotoelectrontemperatures,assuggestedin e.g. Ref.[5].
The probewill also collect photoelectronsemittedby the spacecraft,including the solar

panelsandthe booms. If the photoelectroncloud is homogeneouson the scalesizeof the of
theprobe,it is reasonableto assumethat thesephotoelectronsarecollectedjust astheplasma
electronsbut with Vp replacedby Vb in (7) and(9) sincethephotoelectronsareemittedfrom the
spacecraft.Wethusmodelthiscurrrentas:

I s = I s0eVb=Ts if Vb < 0 (13)

I s = I s0(1 +
Vb

Ts
) if Vb > 0 (14)

4 The data

Onecommonpoint to any scienti�c experimentis to produceandstoredatain a formateasily
accessibleandexploitableby theworld wide scienti�c communityso thatany scienti�c group
canusethesedatato producenew results.

Onewidely usedarchive systemin thePlanetarysciencedomainis thePlanetaryDataSys-
tem(PDS)which is anarchiveof datasponsoredandmanagedby NASA (NationalAeronautics
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andSpaceAdministration)for its planetarymissions,but thesameformathasalsobeenadopted
by ESA in orderto gatherall planetarydatain a common,uni�ed, archive system.Hence,the
datafrom LAP experiment(aswell asall thedatafrom Rosettamission)areto bearchived in
ESA'sPlanetaryScienceArchive (akaPSA)to PDSstandarts,with amirror at theSmallbodies
Nodebasedat theUniversityof MarylandCollegePark.
However, PDSis alsoa commonlyemployed term for the format of the datawhich areto be
storedin aPDSdataarchive, that's to saythedatahave beto written in �les with respectto cer-
tain conventions.For example,oneof therequirementsfor Rosettadataformat is to behighly
humanreadable,i.e oneshouldbeableto readdirectly thedataor theheader�les with asimple
text editor. This is certainlynot thebestway in termsof storagespacebut it is aimedon clarity
andeaseof searchfor theoneswho areto usethedatalater.

Thiswork wasbasedon two kind of �les: thedata�les themselvesandthelabel�les which
go with them.Thedata�le nameis of thiskind:
RPCLAPyymmdd_xxxx_RDSxxNS.TAB, whichdirectly indicatesthat,

� the dataarefrom a RosettaPlasmaConsortiummission(RPC),moreprecislyfrom the
LangmuirProbeexperiment(LAP).

� thedateof thedataacquisition(yymmdd).

� theorderingof thisdata�le thanksto a four digitsalphanumericcounter(xxxx).

� the kind of operationperformedby LAP to acquirethesedata(RDSxxNS);hereRDS
meansit' s a biasvoltagesweepandNS meansit is taken in normalmodetelemetry. The
�rst digit afterRDSindicateswetherthedatacomefrom theRosettaLangmuirprobe1 or
theprobe2.

The contentsof this kind of data�le simply consistsin four columns,commaseparated,each
row representingonemeasurementpoint.

� The�rst columnis thetimeof themeasurementin this format:
yyyy-mm-ddThh:mm:ss.ssssss.

� thesecondoneis thespacecraftown clock time stamp,in casethetime calibrationhasto
beredone.

� thethird oneis thecurrentmeasurementin telemetryunits.

� andthelastoneis thevoltagebiasalsoin telemetryunits.

Thelabel�le whichgoeswith eachoneof thedata�les is namedexactlythesameexceptfor
theextensionwhichis now .LBL insteadof .TAB. It containsnumerousrelevanthumanreadable
informationsaboutthedata�le, especiallya lot of speci�ationsaboutthemeasurementlike the
kind of sweep,theinstrumentmode,therangeof thebias. . .etc.

Thereareseveralothertypesof �le justfor theLAP experimentitself, includingsomehouse-
keeping�les andsomeheaders,but the two mentionnedabove plus anotheruniqueindex �le
weretheonly onewhichwereneededfor thiswork.
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5 The browser

The aim of this work is to be ableto analyzethe �rst LAP datasentby the probe,during the
commissioningperiodof theinstrument.Thoughtheprimarygoal is to checkif theinstrument
work asplannedandto evaluateits performance,onecanexpectto extractsomephysicalparam-
eterscharacterizingthe solarwind andinterplanetarymediumif the spaceweatherconditions
arefavorable.

To do so, it is necessaryto build a browsing softwarecapableof extractingthe datafrom
the�les, calibratingtheminto physicalunits,displayingthemin a clearcurrentvs biasvoltage
graph,displayingthe informationsrelative to the sweepand�nally trying to �t the measure-
mentsto a theoreticalmodelin orderto derive somephysicalparameters.All of this preferably
embeddedin aneasyto usegraphicalinterface(akagui).

Sincetheexecutionspeedandthe portability arenot a requirementfor this work, thepro-
gramminglanguagewhichhasbeenusedis Matlab. Thisoneis ratherconvenientto acton long
tablesof data,to displaysomegraphs,to �t thedataandsinceit is interpreted,thecodeis easy
to write, andit canbe readandreusedeasilyin the future. Thebrowsercanthusbe launched
from a Matlabpromptby thecommandbrowse (i.e interpretbrowse.m �le with Matlab) if
theuseris placedin themaindirectoryof thesoftware(currentlycalledLAP).

5.1 Features

Even if onecould usethe so simply calledPDS_browserwith keyboardinteractionfrom the
Matlabprompt(onewouldn't beableto useall thefeatureslike that),this softwareis aimedto
beusedthroughits graphicalinterfacesowedescribein thissectionthedifferentfunctionalities
of thesoftwarefrom thispointof view.

As onecanseein Fig. 4, thegraphicalinterfaceis composedof two zonesto displaysome
text, oneto displaya sweepcurve, several clickablebuttonsandtwo �elds to entersometext.
Thenext sectionsarededicatedto thedescriptionof thebrowser.

5.1.1 User input

The usercanentereitherdirectly an existing �lename (of the format seenin the datasection
above) or a datein the formatyymmddin the larger input �eld andvalidateby hitting “input”
button. Optionally, a time in theformathh:mm canbeenteredin thesmallerinput �eld before
hitting input.

Thesearchalgorithmto load therequesteddatais very basic;it goesthroughan index �le
(loadedin memorywhentheprogramis startedfor the�rst time)requiredby ESAnomenclature
wherethedata�les areindexedin chronologicalorder. Consequently, thefurtherin timethedata
are,thelongerthesearchwill take; this couldbeeasilyimprovedby usinga tadmorecomplex
algorithmlike:

� go to themiddle(in sizefor example)of theindex.

� comparethedateof therequesteddatawith thedateof thecurrentposition.
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Figure4: PDS_browsergui.
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� if the�rst dateis greaterthanthesecond(i.e therequested�le is furtherin theindex), get
rid of the�rst half of theindex, otherwisegetrid of thesecondpart.

� repeatuntil therequesteddatais found.

On the otherhand,wheninputing directly a �lename, this one is supposedto be correctand
thereforeno searchis made,thecorrespondingdataaredisplayedimmediatelyif existing. Note
that theinput only acceptsa sole�lename andin no casea path,thepathfor thedatadirectory
is hardcodedthroughthevariablehard_pathin browse.m .

5.1.2 Basicoutput

As seenin theprevioussection,a correctinput enteredby theuserwill �nd therequested�le;
subsequently, thedatafrom the�le is storedin memoryto beprocessedin severalsteps.To start,
someof the �rst datapointsareremovedbecausethey appearto beirrelevant (currentvalueof
-1). Then, the pointsareseparatedbetweenthe part when the biasvoltageis increasing(up
sweep)andthepartwhenit' sdecreasing(down sweep).Next, thedata,whichwerein telemetry
units, arecalibratedso that the currentvaluesarein nanoampèresandthe biasvoltagevalues
arein volts. Notethattheparametersof thiscalibrationare�x edandhave beencalculatedfrom
part of the commissioningdata,this is a temporarysolutionwhile waiting for PDS�les with
calibrateddata. Finally, the datapointsaredisplayedin a currentvs biasvoltageplot in the
plottingarea(thecentralone).

Additionally, the correspondinglabel �le is also put in memory and the programgoes
throughit to selectsomerelevant �elds which areimmediatelydisplayedin themostright text
zone.It is alsousedto �nd theexactdateandtimeof thesweepanddisplayit in theplot area.
Finally, thelegendfor theplot is displayedon thebottomof themostleft text zone.All of this
is mainlycodedin affichage.m .

5.1.3 Fitting

In this samefunctionaffichage canalsobecalledsome�tting routinesif requested.Those
arethe �les in the analysisdirectory. Like any computerbasedsolving algorithm,this �tting
is highly dependenton the initial conditionsbecauseit' s using a numericalapproachwhich
consistsin varying the free parameterswhich are to be found until they �t the datathe best.
Consequently, thealgorithmusedhereis only valid whenthephotoemissionfrom theprobeis
a dominatingpartof theprobecurrentaroundVB = 0. It will thuswork well in thesolarwind
but neithercloseto theEarth(or Mars)norat thecomet.

The functionusedto �t thedata(calledlsqcurvefit ) takesin arguments:the function
which is usedasamodel,theinitial valuesof thefreeparameters,thedatapointswhichhave to
be �tted by the model,someconstraintsfor the rangeof the freeparameters,andsome�tting
optionscanbepassedtoo.

Themethodusedhereis to �t in severalstagesthedataby addinganothercontribution to the
currentat eachstage;startingwith themostimportanteffect for the�rst stageandendingwith
theleastperturbationfor thelaststage.
The�rst stageusesonly thecurrentcreatedby thephotoemissionfrom theprobeitself because
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it is by far themostimportanteffect (only whentheprobeis in sunlight).Theequationusedfor
thismodelareequ.(11)and(12)with I f 0 andVs asfreeparametersandTp0 �x edto 2 eV.
The secondstageusesI f 0 andVs which have just beenfound by the �rst stageandaddsthe
currentdueto thephotoemissionfrom thespacecraft.Theequationaddedareequ.(13)and(14)
with I s0 andTs asfreeparameters.
The third stagelet I s0 andTs be free parametersagainandaddsthe model for the electrons
from thesolarwind. Thenew equationsare(7) and(9) with I e0 andTe asthird andfourth free
parameters.Originaly, I s0 andTs were�x edin thisstage,usingthevaluesfoundin stage2, but
it appearedthe�tting is morepreciseif those4 parametersarekeptfreealtogether. This �nally
makesstage2 completelyuseless,it shouldthereforeberemoved in later implementationsbe-
causeit is justunnecessarycalculations.
Thefourth stepaddsthelastcontribution in this model,ie thesolarwind ions,by addingequa-
tions(8) and(10). Thenew freeparametersareI io andTi , andall previousparametersare�x ed
usingthevaluesfoundin thepreviousstagesexceptfor I f 0 which is setfreeagainin orderto let
theslopeof thecurve freefor Vp < 0.
Finally, a last stageis computedwhith all the previous currentcontributions andwith all pa-
rametersfree (I f 0, I s0, I e0, I io , Ts, Te, Ti ). However, thevaluesfound in theprevious stages
areusedto setsometight constraintson this �t to insurethat the �t functionwill �nd theright
results(sinceit' s a minimumsearch,several resultscouldbepossiblefor eachfreeparameter)
andalsoto avoid someuselessandtimeconsumingcalculations.Hence,afterthis laststep,eight
parametersto �t thedatahave beencomputedandarestoredin memoryfor furtheruse.

5.1.4 Additional controls and features

This softwarewasintendedto easilybrowsetheLAP data�les that's why someotherfeatures
have beenimplemented.

For starters,onecannotice the “next” and“previous” buttonswhich allow to quickly go
forwardsandbackwardsin chronologicalorderthroughthe �les. All the actionswhich were
executedon a call for input function arealsoexecutedon a click on “next” or “previous”;
i.e up/down separation,calibrationanddisplayingof thegraphandthe informationtexts. The
executionis of courseway fasterthanwith the useof “input” becauseno searchis made,the
next (respprevious)�le in chronologicalorderrelatively to theonewhich is currentlydisplayed
is simply pickedup in thedirectorywherethedata�les are,theindex �le is notusedhere.

The“play” buttoncallsasimpleroutinewhichexecutesthenext functionata regulartime
interval (whichcanbechangedin play.m �le, thedefault is 0.15seconds)aslongasthe“play”
buttonis notpressedasecondtime.

The“toggleprobe”buttonallowsto processonly thedatafrom LAP1,or only LAP2,or both
of themasit is thedefaultcase.Forexample,if thebuttonis pressedonce,only probe1is enabled
andthe programwill ignore the �les containingdatapoints from RosettaLangmuirprobe2.
This is usefulfor instancein thecasewhenoneof the two probesis in theshadow createdby
thespacecraft(whichwasthesituationduringcommissioning)andyouwantto observeonly the
behavior of theprobein sunlight.

The “Tog up/down” buttonallows to choosewetherto treatonly theup sweep(respdown
sweep)or bothof them(by default). If only up(respdown) is selected,all theoperationsrelated
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to theotherpartareskippedsotheexecutionshouldbealmosttwice faster.
The “�t on/off ” buttonobviously permitsto enableor not the �t of thedata. It is worth to

let it off if the�t is not wantedsincetheexecutionis a lot fasterif the�ts arenot computed.If
enabled,the�ts arecomputed,the�t curvesaredisplayedin thegraphzone(magentafor down
sweepandred for up sweepby default), and the resulting�t parametersaredisplayedin the
mostleft text zone.

The “collect” button enablesto save the computed�t parametersin a �le. Whenpressed
once,it (createsif necessaryand)opensin write modea �le namedlap_data.txt in the
parentdirectoryof theLAP datadirectory(this canbechangedin collect.m ) andclosethis
�le if presseda secondtime. Whenthe �le is open,andif the �t is enabled(with “�t on/off ”
button),theparametersaresimply appendedto the�le eachtime a �t is computed.Thereis no
veri�cation if someparametershavealreadybeenwritten,soif onefor exampleusesasequence
like next, previous, next, the sameparameterswill be written twice in the �le. Also notethat
someof the�les areautomaticallyexcluded(by checkingat theinstrumentmodeID �eld in the
label�le) becausethey wereof no interestfor thephysicalanalysis.

The“Toggledata”buttonshouldbeoperationalthoughit is of nousefor themoment;it per-
mits to switchbetweendatafrom CALIBRATED,DERIVED, andEDITED directories(default
EDITED) in theDATA directoryof theLAP datadirectory.

Finally, the“Light/Shadow” buttonis supposedto switchbetweena modelwheretheprobe
is in sunlightor in theshadow of thespacecraftbut it' s not operationalat themomentbecause
themodelsfor theshadow arenot implemented.

6 Results

Before talking aboutany scienceanalysis,it is interestingto notethat the browsing software
appearedto bequiteconvenientto go quickly throughall thegenerateddataanddetectby this
meanserrorsin thedatabasesuchasduplicate�les, wrongchronologicalorderor unexpected
gapsin the pool. BecauseRosettamissioninvolvesa lot of instrumentsandteamsall around
theworld, the resultingconventionsfor thecreationof thedataarchivesfrom theraw dataare
somehow complicatedandcaneasilybe subjectsto errorsandmisunderstandings.It is thus
useful to have a tool which canrelatively quickly go throughall the data(or investigateat a
precisepoint in time)while providing aconvenientwayto monitorthetimeof themeasurement,
the instrumentmodeID, andof coursethedatapointsthemselves. That's why this softwareis
appropriatefor thiskind of taskandcouldprobablybeenhancedfor thispurposein thefuture.

For the scienceobjectives it wasrathereasyto acquireall the interestingsweepsoncethe
browserwas�nished. Theprocessuswasalmostfully automaticthanksto theplay function;
andthesweepsin shadow wereavoidedsimply by enablingonly theLAP1 probesinceall the
LAP2 biassweepswerein shadow. As saidin theabove section,the “non interesting”(ie non
biasvoltagesweepsin sunlight)sweepswerealsonot written in the �le thanksto a detection
with instrumentmodeID. All the�t parameterswereprintedin a �le, orderedby columnsand
henceeasilyusablewith Matlabto make someplots. A simpleroutinehenceallowedto obtain
thefollowing plotsfor bothupanddown sweeps:

� Vs, Ts, Te, Ti , I f 0, I s0, I e0 andI i 0 againsttime.
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� Ts, Te, Ti , I f 0, I s0, I e0 andI i 0 againstVs.

� Theelectrondensitymeasuredby theACEspacecraft(foundathttp://sec.noaa.gov/ftpmenu/lists/ace.html)
ne againstVs.

All thoseplotscanbefoundin Figures5, 6, 7, 8 and9 wherethegreenpointsarefor thedown
sweepparametersandtheblue pointsarefor the up sweepones.Note thatTe vs Vs hasbeen
plottedwith a maximumvalueof 15 eV for Te while a few pointswerehigherthan15 eV so
they don't appearon theplot.
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Figure5: Vs, Ts, Te, andTi againsttime.

Whichsourceof plasmathatdominatestheprobecurrentwill dependonwhereontheprobe
curvewelook. However, onewayof establishingtherelative importanceof thedifferentcurrent
sourceslisted in section3.4 is to look at the characteristicvaluesI f 0, I s0, I e0 andI i 0. From
Fig.6, we�nd thatthedominatingcurrentin thissenseis thephotoemission,asthetypicalvalue
of thephotoemissionsaturationcurrentI f 0, around130nA, is morethan10 timeshigherthan
any of theotherterms.This is exactlyasexpectedfor thesolarwind plasma.

Amongtheremainingcurrentsources,thephotoelectroncloudfrom thesatelliteis thelargest
in thesensethatthetypical I s0 values,some2 – 10nA, is thenext in orderof magnitude.This is
notstrange:in thetenuoussolarwind plasma,thedensityof photoelectronsis likely to dominate
over thenaturalplasmaelectronsat thelocationof theprobe.
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Figure6: I f 0, I s0, I e0, andI i 0 againsttime.

Canweatall measuretheplasmaelectronsin thissituation,whenthephotoelectrondensity
probablyis muchhigherthanthedensityof naturalplasmaelectronsneartheprobe?Fromequa-
tion (6), it follows thatexpectedvaluesof I e0 for a solarwind with density2 cm� 3 (typical for
thesedaysaccordingto theACE datain Fig. 9) andelectrontemperatureof 12 eV (140,000K,
typical valuefrom Table1) is around1.5 nA for theLAP probesof radius25 mm. Thevalues
we �nd for I e0 in theplots is exactly of this order. This couldbea numericalcoincidence,but
looking at the temperatureplots in Fig. 5, we also�nd valuesof 5 – 10 eV for Te, while Ts

staysmuchlower. This is the expectedorderof magnitudesfor solarwind electronsandthe
photoelectroncloud(seeRef. [5]) respectively, soit is possiblethatthe�tting algorithmindeed
is capableof pickingup thesmalltraceof plasmaelectrons.

To furtherinvestigateif this is thecase,we look for correlationsbetweenI e0 andthespace-
craft potentialVs in Fig. 7. As shown in for exampleRef. [5], Vs mustanticorrelatewith the
plasmadensityin a tenuousplasma.This is simpleto understand:the fewer plasmaelectrons
thereareto collect,themoreof its own photoelectronsmustthespacecraftdragbackin orderto
keepthenetcurrentzero,whichmeansit mustgoto higherpotential.If theI e0 valueswederive
from thesweeparerealthey shouldbeproportionalto thedensity, andhenceVs andI e0 should
anticorrelate.Thereis almostno hint of any suchbehaviour in Fig. 7, but on theotherhandthe
variationsin Vs seenduringthedaysof operationarerathersmall,well within 1 V, sothenoise
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Figure7: I f 0, I s0, I e0, andI i 0 againstVs.

in theI e0 estimatemayswampany realcorrelation.
A strongerhintof anticorrelationwith Vs is seenfor I s0, thecurrentcollectedfromthephoto-

electroncloud.Thiscanbeunderstoodin termsof ahigherVs valuekeepingthephotoelectrons
closerto thespacecraft,sothatfewercanreachtheprobe.

Theion currentbehavessomewhatstrangely. Thevalueof I i 0 is higherthanI e0 which is not
expected,astheelectronsarelighter andmoremobile.WhilethederivedTi valuesindeedmay
seemto beof thecorrectorderof magnitude(compareto Table1), this is unexpectedasTi here
rathershouldrepresentthesolarwind ion drift energy, aroundor above 1 keV (seediscussion
following equation(10)). It is possiblethat thereis someinstrumentoffset not yet corrected
for thatcausesthis behaviour, whoseorigin is thefact that theprobecurve (seetheexamplein
Fig. 4) deviatesfrom beingperfectlyhorizontalmorethanexpectedat negative voltages.This
will needfurtherinvestigations.

Hence,it is still uncertainif any parametersof thesolarwind canbederived from thecur-
rent andtemperaturevaluesobtainedby the probesweepsin thevery tenuoussolarwind that
surroundedRosettaduringthedaysof operation.This is entirelyasexpected:LAP is designed
for muchdenserplasmas.However, two of the�t parametersareveryreliablydetermined,given
thatthey alonedominatetheshapeof theprobesweep:thespacecraftpotentialVs, which just is
thepositionof thekneeon thecurve, andthephotoemissionsaturationcurrentI f 0. Fig. 6 sug-
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Figure8: Ts, Te, andTi againstVs.

gestthat I f 0 mayhave a decreasingtrendduring thedaysof operations,which couldpossibly
re�ect a variationin solarUV intensity. This hasnot beenpossibleto checkwithin this project,
but wouldbeof interestto follow up in furtherstudies.

Thatthespacecraftpotentialis accuratelydeterminedcanbeseenalsofrom thefactthatthe
valuesfrom theup- anddownwardportionsof thesweepsarealmostidentical(Fig. 5). As we
discussedabove,Vs mustdependon theplasmadensity, ashasbeenexperimentallyveri�ed on
many spacecraft(seealsoRef. [5]. We have no independentdensitymeasurementto compare
to on Rosetta,but we cancompareourVs datato densitymeasurmentsmadesimultaneouslyby
someotherspacecraft.In Fig. 9, wehaveplottedourVs dataversustheplasmadensityobtained
from theion detectorsontheACEspacecraft,situatedat theL1 Lagrangepointbetweenthesun
andtheEarth(but muchcloserto Earth).It is notpossibleto seeany clearcorrelation.However,
ACE andRosettaareratherfar from eachother, ascanbeseenin Fig. 10. We shouldtherefore
notbesurprisedover thelackof correlation– it simplyshows thatthemaindensitystructuresin
thesolarwind arenotcoherentover thedistanceseparatingRosettaandACEduringthis time.
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Figure10: Rosettaposition.
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7 Conclusion

In the end,we cansaywe achieved quite satisfactory results: asa �rst point we now have a
working tool to investigateon theintegrity andcompletenessof thedataandon a secondpoint
we have beenableto judgeof the high quality of the instrumentresolution. Of course,there
still aresomedoubtsaboutthevaluesobtainedfor certainsparameters,suchastheion current,
and an improvementof the model usedin the algorithmsas well as an investigationof the
possibleoffsetsto recalibratewill probablybethekey to fully determinethereliability of such
measurements.However, it is quiteimpressive to haveobtainedsuchrealisticvaluesfor mostof
themwhereasthe instrumentis designedto operatein anenvironmentof muchhigherdensity;
this let usexpectsomereallygoodresultsfor themeasurementsto come,i.e in Marsionosphere
andof coursein thecometvicinity.
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A Appendix

All the following codecan be freely reusedas long as it is for non-commercialuse. Note:
thereseemto bea con�ict in morerecentMatlabversions(this codewaswritten with version
6.0.0.88)becauseof anew functionalsocalled�t ; thisshouldbecorrectedin thelastversionof
PDS_browser.

Note: Appendixnot includedin thisPDF version.
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