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Abstract

Thiswork is basednthecommissioninglatafrom the Rosettd_angmuirprobeinstrumeniaka
LAP) recevedin May 7-11,2004.At rst, we worked on ESAs hierarchyandstructurefor the
LAP dataandwrote a basecodeto brovsethroughthesedataanddisplaythemin atypical cur
rentvs biasvoltagecurve. Thenwe improved the graphicalfunctionalitiesandfeaturesof this
brawsing softwarenow calledPDS_bowser andaddeda modelto t theinstrumentmeasure-
mentsin orderto evaluateits performanceandderive somephysicalparametersThe software
indeedallowedto getsomerealisticvaluesfor the spacecrafpotential,andthedifferentcurrent
contritutionsaswell asfor thetemperatured-inally, whenplottedagainstime, thedatashaved
a predictablebehaiour andthe different parameterseemto be well correlatedamongsteach
otherthoughthey dont really matchwith measurementfom the ACE spacecraftprobably
becaus¢he propertiesof the solarwind arenothomogeneousn sucha large scale.
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1 Intr oduction

The Rosettaprobemissionis a huge ESA (EuropeanSpaceAgengy) projectinvolving mary
Europearcountriesandwith a budgetof around1M euros. Its aim is to investigateat a close
rangea comet(currently67P/Churyume-Gerasimend) with a broadvariety of onboardnstru-
mentsallowing to probethe cometwith respecto differentaspectgnucleusinhomogeneities,
chemicalcompositionplasmaervironment. .).

Besidesthe study of the comet, sinceit's a very long journey ! (seeFig. 1) to reachit
(around10 years),Rosettawill provide the opportunityto study Mars and Earthionosphere
andmagneticeld (during y-bys). In addition,Rosettawill have a closelook at 2 asteroids,
Steinsand Lutetia, becausdik e comets asteroidsare withessef the solarsystemprime and
could be a key for the understandingf the initial accretionof the solarsystem. And nally,
eventhoughit's notits primarygoal, Rosettecangathermpreciousnformationsaboutsolarwind
andinterplanetaryervironmentthanksto RPC (seebelow) instrumentsithoughit will be on
powver-saving modemostof thetime duringthejourney to thecomet.

Figurel: Rosettgourney. Copyright: ESA.

Oneof the instrumentsthe dual Langmuirprobeinstrument(aka LAP) wasdesignedand

'Rosettgourney:

1. Launch,2 March20004.

First Earthswingby 3 March2005.
Marsswingby 26 February2007.
Secondearthswingby 14 November2007.
AsteroidSteins yby , 5 Septembe2008.
Third Earth yby, 11 November2009.
AsteroidLutetia yby, 10 July 2010.
Finalmaneouvre$o entercometorbitin 2013.
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Startingcometinvestigationsn 2014.



built at the Swedishlinstitute of SpacePhysicsin Uppsalawherethis projectwork hasbeen
conducted.LAP is oneof the ve sensorselongingto the RosettaPlasmaConsortium(aka
RPC)whichis in chage of thewave andplasmastudiesin Rosettamission.Those ve sensors:
the LangmuirProbe(LAP), the lon and ElectronSensor(IES), the lon CompositionAnalyser
(ICA), the FluxgateMagnetomete(MAG), andthe Mutual ImpedancdéProbe(MIP) have been
particularlydesignedn orderto monitorthe comaandtail compositionandstructureaswell as

their interactionswith the solarwind E-M eld andtheinterplanetarynedium.Figure2 shawvs

RPCinstrumentn Rosetta.
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Figure2: RPCinstrumentn Rosetta.

Thisdocumenis the nal reporton aprojectconsistingof two main parts:

Writing of a softwarefor brovsingandanalyzingoneof the datatypesprovidedby LAP,
the so-calledprobebiassweeps.

Usingthe software for analyzingthe probebiassweepsacquiredduring the RPC opera-
tionsin May 7-11,2004.



The documentis structuredasfollows: after this introduction,section2 brie y describeghe
LAP instrument,and section3 givesthe theoreticalmodel usedto understandhe probebias
sweeps.Theavailabledataaredescribedn sectiond, while the softnarewritten in this project
is describedn section5. Section6 containsthe dataanalysis. Finally, section7 containsa
discussiorof theresultsandideasfor thefuture.

2 Langmuir probeoverview

The RosettaLangmuirprobeis a very versatilethoughquite simpleinstrument:it is basically
a 2:5 cm radiustitanium spheremountedon a 15 cm stub endingwith an aluminiumwhich
canbe be attachedo a spacecrafboom, seeFig. 3. The sphereandthe stubare coatedwith

Figure3: Rosettd_angmuirProbe.

titaniumnitride which conductingandhardnesgropertiesaresuitablefor thisinstrumentsince
its principleis to measure currentwhile a certainbiasvoltageis applied(or vice-versa).From
this measuremenne canthenderive fundamentaplasmapropertiessuchas plasmadensity
electron(andion) temperaturend o w velocity.

What malkesthe dual Langmuirprobeinstrumentsuchan ef cient tool is thefactit canbe
operatedn differentmodesthanksto the associateelectronicsandthe possibility to usetwo
Langmuirprobegogetheto performsomecomplementaryneasurementg.hus,it cannotonly
derive the essentiaplasmapropertiedout alsoinformationssuchaselectric eld measurements
up to 8 KHz, spacecrafpotential,integratedsolarUV ux, anddustparticleimpacts.

Though,assaidabore, LAP canbeoperatedn severaldifferentmodesthis work wasbased
on only onetype of measuremenhode:voltagebiassweep.The principleis to vary the probe
potentialwith respectto the spacecraf§, Vg, andrecordthe collectedcurrentl , (createdby
the electrons(or ions) colliding on the probe). If the potentialis positive with respecto the
plasmaglectrongor seldomnegative ions)will be attractedoy the probeandthusit is possible
to derive the electrondensityandtemperaturén the plasmarom thesemeasurementsihile if
the potentialis negative, the positive ionsarecollectedandtheinterestingvalueto derive in this
cases theaverageion drift kineticenegy. Let's notforgetneverthelesshatsomeelectronsare
to hit the probeevenwhenits potentialis negative just becausef their thermalkinetic enegy
andthefactthatthe probeis not still with respecto thesolarwind o w; andthe samegoesfor
the positive ions.



3 Theoretical model

3.1 The environment

Sincethis work is mainly basedon interplanetanplasmameasurement, is appropriatdo set
the basicbackgroundaboutinterplanetarymediumandsolarwind environment.

Thesolarwind is a o w of moreor lessenegetic particlesblown away from the sun,which
spreadgadially (not isotropicallythough)in all directions. It usually carriesmainly electrons
andionizedhydrogen(H* ), afew ionizedhelium(He?* ) andseldomsomeheavier ionslike O .
It alsofeaturesanembeddednagneticeld, remnantof the Sun’s own magneticeld, whichis
frozeninto the plasmaitself andis a greatdealof importancebecausef its effectson the other
magnetic elds of the solarsystembodies. However, this magneticeld hasaweakin uence
onthestatisticalpropertiesf the plasmaandonthe probemeasurementsoit will notbeof our
concernn thiswork.

Thesolarwind propertiecanvary onalargescalebecauséhey aretightly boundto thesolar
actvity (variationswithin afactorof two arequite common)however underusualconditionsof
solaractivity onecanobsene sometypical valuesin the interplanetarymediumasthe onesin
Tablel.

Protondensity 6:6cm 3
Electrondensity 7:1cm 3
He?* density 0:25cm 8
Flow speednearlyradial) | 450km.s !
Protontemperature 1.2 10°K
Electrontemperature 1.4 10°K

Tablel: Obseredaveragesolarwind propertiemearEarthorbit.(from[1])

Finally, this mediumis of coursealsobathedn electro-magneticadiationscomingfrom the
Sun,especiallyisible, ultra-violet,andinfraredlight sincethe Suncanbeconsideredsablack
bodywith maximumemissionin thevisible green,around530nm. We will seetheimportance
of this pointasthe photoelectronemissionwill take adominantpartin our model. Someharder
radiations(X Rays)andhigherenegy particlescan also occur subsequentlyo more violent
eventssuchassolar ares or coronalmassejectiongCMES).

3.2 Plasmamodel

Sincea plasmais a gasof chaged particles,the motion of theseparticlesis describedby a
statisticaldistribution and by electromagnetiinteractionsif thereareary. Spaceplasmaare
very tenuousso they areconsideredollisionless but the statisticaldistribution for this model
is nevertheleschooserto be Maxwellian. Thus, the movementof a particle of specieg, if
thereareno electromagnetiinteractionswill bein arandomdirection,with a speedgiven by
the Maxwellianthermalvelocity, s

kg Tj
mj

(1)

Vih =



wherem; is themassof particleof specieg, T; is thetemperaturef particleof specieg in the
plasmaandkg is the Boltzmannconstant.Of coursein a solarwind plasmathe particlesalso
have the speeddf the o w with respecto aslow moving frameof referencdik e Rosettgrobe.

Thenfor electromagnetiinteractionsthe startingpoint is to considerthe electrostatigo-
tentialgeneratedby a point particleof chage q givenby

q
4 "or @

wherer is the distanceto the particleand" g is the vacuumelectricpermittvity. In a plasma,
this chage will attractchagesof oppositesign which will createa cloud aroundit, therefore

decreasinghe in uence of this potentialbecausef their oppositechage. Onecanshav that
thenetresultof this shieldedpotentialis:

V(r) =

- q r=p
V() = ge 3)
where p is calledthe Debyelengthandis givenby
S
"oks T
D nqz (4)

whereT is the temperatureof the plasma,andn is the density number(from [6] and [7]).
The Debyelengththusrepresentshe scalesizebelav which the strengthof the potentialfrom
individual chagesis signi cant; andfor a given chaged object, the plasmacontainedin the
volumesurroundinghe objectbelaw this distancds calledthe Debyesheath

The point hereis not aboutthe E-M interactionsbetweenthe particlesthemselesbecause
theirchageis ridiculously smallcomparedo the distancebetweerthem,thatthey barelyinter
act. However, for alarge scaleobjectlike aspacecrafthis potentialhasto betakeninto account.
Thereasoris evenif the netchage of a plasmais null, at equalion andelectrontemperatures
theelectronux is higherthantheion ux (becauselectronshave highervelocitiesdueto their
smallermasses}o the objectwill be hit more often by electronsandwill eventuallybecome
negatively chagedwith respecto the plasma.Then,asa chagedbodyit will beresponsibldor
anelectrostatigpotentialcharacterise@ith a certainDebyelengthasseerabore.
Consequentlyif onewantsto measuresomeplasmacharacteristicaithouthaving thein uence
of the spacecraftjt hasto be doneout of the spacecrafs Debyesheathandthis is the main
reasonwhy Langmuirprobesare mountedon long boomsfar from the spacecrafhull (for ro-
tating spacecraftsghey canevenbe attachedo long wires). In Rosettas casethe LAP1 probe
is mountedon a2010mm boomandLAP2 is on a 1395mm one. Of course for the determi-
nationof thelengthandthe deploymentdirectionof the booms,someotherfactorssuchasthe
shadwv createdby the spacecrafandthe distancebetweerthetwo probes(aswell asthe other
instrumentsnountedon the booms)have beenconsidered.

3.3 Photo-emission

Sincea lot of radiation,including UV, are emittedfrom the sunand sincethe spacecrafand
the probeare conductorsthey are subjectto photo-emissionthat's to say someelectronsare
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strippedout whensomephotonswith the requiredenegy hit the surfaceof a conductor As a
result,someadditionalelectronsareemittedfrom the spacecraftgiving anincreaseciumberof
electron<loseto the spacecraftomparedo the unperturbeglasmaelectrondensity
Besidesthe effectswill be differentwetherthe spacecraf{and probe)potentialis positive or
negatie: if it is positive, the electronswill justbe strippedout andpushedaway andthe photo-
electrongdensitywill justdecreaswith thedistancdrom thespacecrafiywhereasf it is negative
someof themwill be pulled backto the spacecrafandwill be seenasa constantcloud close
aroundthe spacecraft.

Thoughthe photo-emissioris usually small (on the orderof 100 mA/m?) for a conductorex-
posedio UVs from the sun,it is de nitely nonnggligible comparedo therandomelectroncur-
rentusuallyfoundin thesolarwind, andit is usuallythe majorcontritution ontheion collection
side.

3.4 Probecurrents

Sincethe raw informationswe get from Langmuir probesare currentsand voltages,it is im-

portantto have a precisemodel of the currentscreatedby the differentcontritutionsin order
to analysehe measurementisom the probes.As saidabove, we still consideranisotropicand
collisionlessplasmawith no magnetic eld and,asit is the casewith Rosettasomespherical
Langmuirprobesfeaturinganhomogeneousurface.

Thesizeof theprobealsoplaysarole herebecaus@bore a certainsize, the Debyescreening
effect becomesso importantthat the Debyesheathwill changewith the chage accumulation.
Hence,if we denotethe proberadiusasrp, whenr p the Debyesheathis weakandthe
motionof asinglechageis independantf the motionof otherchagesandmainly governedby
the probepotential;this regime of particlecollectionis thencalledOrbital Motion limited (aka
OML). Whereasvhenr p thecollectionis saidto be Sheathimited becausehe Debye
screeningeffect is importantandthe particlesmotion will be greatlyin uenced by the Debye
sheath.

Fortunately the Debyelengthin aninterplanetarynediumis within therangel-50 metersand
the probesare 2:5 cm of radiusso the OML approachshouldapply for all this work andone
shouldnt have to careaboutthe effectsof the Debyesheathgeneratedy the probe.Thus,from
theoriginalwork by Mott-Smith& Langmuir(1926),onecanobtainexpressiongor theelectron
andion currentsasfunctionsof the probevoltagewith respecto the plasmafor we which we
have:

Vo= Vs+ Vp ®)

whereVs is the spacecrafpotentialwith respecto theplasmaandV,, is theappliedbiasvoltage
with respecto the spacecraftWe alsohave therandomcurrentof specieg de nedas:

(6)

whereA, is the areaof the probe,n; the numberdensityof the particle speciesandq; the
chage of the particlespecies.
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Thenfor a positive biaspotentialthe electronandion currentsare:

le= Lol + 2) ™
Te
li= lipe V°=T (8
andfor anegative biaspotential:
Ie = Ieoevp:Te (9)
V,
li= lio(1 ?Iio) (10)

whereall the electrontemperaturél ¢ andtheion temperaturd; in the plasmaarein electron-
volts. For a supersonico w like the solarwind, therelevantenegy parametefor theion gasis
notthetemperaturéut thedrift enegy, which givesmodi cationsto equationg6), (8) and(10).
However, we do not expectthe ion currentderived in this work to be physically meaningful,
astheion drift enegy in the solarwind is 1 keV which is muchabove the rangeof our probe
sweepsWe thereforekeepthe expressiong6), (8) and(10), having in mind thatthevalueof T;
couldjustaswell beinterpretedasmivizzz

Finally, lastbut not least,the photoelectroremissions modelledas:
For the photoelectronsippedout of the probeitself:

I+ = lfpo=const if V<O (11

It = lfo€ Vo=Teo Vorobe> 0 (12)

A morecompletemodelcouldincludetwo photoelectrotemperaturesssuggestet e.g. Ref.[5].

The probewill also collect photoelectronemittedby the spacecraftjncluding the solar
panelsandthe booms. If the photoelectrorcloud is homogeneousn the scalesize of the of
the probe,it is reasonabléo assumehatthesephotoelectrongre collectedjust asthe plasma
electronsout with V,, replacedoy V,, in (7) and(9) sincethe photoelectronareemittedfrom the
spacecraftiWe thusmodelthis currrentas:

ls = lg0e™" if Vp< O (13)

ls = lso(1+ %) if V>0 (14)
S

4 The data

Onecommonpointto ary scienti ¢ experimentis to produceandstoredatain a formateasily
accessiblendexploitable by the world wide scienti c communitysothatary scienti ¢ group
canusethesedatato producenew results.

Onewidely usedarchive systemin the Planetarysciencedomainis the PlanetaryDataSys-
tem(PDS)whichis anarchive of datasponsoredndmanagedy NASA (NationalAeronautics
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andSpaceAdministration)for its planetarymissionsbut the sameformathasalsobeenadopted
by ESAin orderto gatherall planetarydatain a common,uni ed, archive system.Hence the
datafrom LAP experiment(aswell asall the datafrom Rosettamission)areto be archived in
ESAsPlanetaryScienceArchive (akaPSA)to PDSstandartswith a mirror atthe Smallbodies
Nodebasedat the University of MarylandCollege Park.
However, PDSis alsoa commonlyemplo/ed term for the format of the datawhich areto be
storedin aPDSdataarchive, that's to saythe datahave beto writtenin les with respecto cer
tain corventions. For example,oneof therequirementsor Rosettadataformatis to be highly
humanreadablei.e oneshouldbe ableto readdirectly thedataor the headerles with asimple
text editor Thisis certainlynotthe bestway in termsof storagespacebut it is aimedon clarity
andeaseof searchor the oneswho areto usethe datalater.

Thiswork wasbasedntwo kind of les: thedata les themselesandthelabel les which
gowith them.Thedata le nameis of thiskind:
RPCLAPyymmdd_xxxx_RDSxxNSAB, whichdirectlyindicatesthat,

the dataare from a RosettaPlasmaConsortiummission(RPC), more precisly from the
LangmuirProbeexperiment(LAP).

the dateof thedataacquisition(yymmdd).
the orderingof thisdata le thanksto afour digits alphanumericounter(xxxx).

the kind of operationperformedby LAP to acquirethesedata(RDSxxXNS);hereRDS
meanst's a biasvoltagesweepandNS meanst is takenin normalmodetelemetry The
rst digit afterRDSindicateswvetherthe datacomefrom the Rosettd_angmuirprobel or
theprobe2.

The contentsof this kind of data le simply consistsn four columns,commaseparatedeach
row representingnemeasuremeryoint.

The rst columnis thetime of themeasuremenh this format:
yyyy-mm-ddThh:mm:ss.ssssss.

the secondneis the spacecrafown clock time stamp,in casethetime calibrationhasto
beredone.

thethird oneis the currentmeasuremerit telemetryunits.
andthelastoneis thevoltagebiasalsoin telemetryunits.

Thelabel le whichgoeswith eachoneof thedata les is namedexactly the sameexceptfor
theextensionwhichis now .LBL insteadof . TAB. It containsmumerouselevanthumanreadable
informationsaboutthedata le, especiallyalot of speci ationsaboutthe measuremerike the
kind of sweeptheinstrumentmode,therangeof thebias. .. etc.

Thereareseveralothertypesof le justfor theLAP experimenttself,includingsomehouse-
keeping les andsomeheadershut the two mentionnedabore plus anotheruniqueindex le
werethe only onewhichwereneededor thiswork.

12



5 The browser

The aim of this work is to be ableto analyzethe rst LAP datasentby the probe,duringthe
commissioningperiodof theinstrument.Thoughthe primarygoalis to checkif theinstrument
work asplannedandto evaluateits performancepnecanexpectto extractsomephysicalparam-
eterscharacterizinghe solarwind andinterplanetarynediumif the spaceweatherconditions
arefavorable.

To do so, it is necessaryo build a browsing software capableof extractingthe datafrom
the les, calibratingtheminto physicalunits,displayingthemin a clearcurrentvs biasvoltage
graph,displayingthe informationsrelative to the sweepand nally trying to t the measure-
mentsto atheoreticaimodelin orderto derive somephysicalparametersAll of this preferably
embeddedn aneasyto usegraphicalinterface(akagui).

Sincethe executionspeedandthe portability are not a requiremenftor this work, the pro-
gramminglanguagevhich hasbeenusedis Matlah This oneis rathercorvenientto actonlong
tablesof data,to displaysomegraphsto t thedataandsinceit is interpretedthe codeis easy
to write, andit canbe readandreusedeasilyin the future. The browsercanthusbe launched
from a Matlab promptby the commandorowse (i.e interpretbrowse.m le with Matlab)if
theuseris placedin the maindirectoryof the software(currentlycalledLAP).

5.1 Features

Evenif onecould usethe so simply calledPDS_bowserwith keyboardinteractionfrom the
Matlab prompt(onewouldn't be ableto useall the featuredike that), this softwareis aimedto
beusedthroughits graphicalinterfacesowe describdn this sectionthe differentfunctionalities
of the softwarefrom this point of view.

As onecanseein Fig. 4, the graphicalinterfaceis composedf two zonesto displaysome
text, oneto displaya sweepcurwe, several clickablebuttonsandtwo elds to entersometext.
Thenext sectionsarededicatedo the descriptionof the browvser

5.1.1 Userinput

The usercan entereitherdirectly an existing lename (of the format seenin the datasection
above) or a datein the formatyymmddin thelargerinput eld andvalidateby hitting “input”
button. Optionally atime in the formathh:mm canbe enteredn the smallerinput eld before
hitting input.

The searchalgorithmto load the requestediatais very basic;it goesthroughanindex le
(loadedin memorywhenthe programis startedor the rst time) requiredby ESAnomenclature
wherethedata les areindexedin chronologicabrder Consequentlythefurtherin timethedata
are,thelongerthe searchwill take; this could be easilyimproved by usingatad morecomplec
algorithmlike:

goto themiddle (in sizefor example)of theindex.

comparehedateof therequestedlatawith the dateof thecurrentposition.

13



File Edit View Insen Tools Window Help

BHRE] A B0RE] ~TAELE = "RPCLAPI40S08_D7PS_RDS10BS TAB"
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davn sweep data points: green
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i INSTRUMENT_MODE_ID = MCID0x0204
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100 STOP TIME = 2004-05-08T11:44:07. 626
Toellbdebe SPACECRAFT CLOCK_START COUNT = "1/0042637440 93707"
B0=0, 9075 A SPACECRAFT CLOCK_STOP_COUNT = "1/0042637447 62575"
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Ti=5 3888 o¥ 50

ROSETTA:LAP_TM_RATE = BURST
ROSETTALAP_BOOTSTRAP = ON
ROSETT&:LAP_FEEDBACK_P1 = "DENSITY"
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ROSETTALAP_PT_RANGE_DENS_BIAS = "+32"

Te=1.036 eV ROSETTA-LAP_P1_STRATEGY_OR_RANGE = "GAIN 1"
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—slggend: ROSETTALAP_P1_FINE_SWEEP_OFFSET = 0x0000

ROSETTA:LAP_SWEEP_FORMAT = "DIOWMN LP"
ROSETTA:LAP_SWEEP_RESOLUTION = "COARSE"
ROSETTA:LAP_SWEEP_PLATEAU_DURATION = 0<0200
ROSETTA:LAP_SWEEP_STEPS = 0x00f

ROSETTA:LAP_SWEEP_STEP_HEIGHT = 0x0002
ROSETTA:LAP_SWEEP_START_BIAS = 0x00f8

fton | Light | 150 ROGETTALAP_SWEEP_START_BIAS = 0x00f3
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k=

PDS_bravsergui.
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if the rst dateis greatethanthesecondi.e therequestede is furtherin theindex), get
rid of the rst half of theindex, otherwisegetrid of the secondpart.

repeatuntil therequestedlatais found.

On the otherhand,wheninputing directly a lename, this oneis supposedo be correctand
thereforeno searchis made the correspondinglataaredisplayedmmediatelyif existing. Note
thattheinput only acceptsa sole lename andin no casea path,the pathfor the datadirectory
is hardcodedhroughthevariablehard_pathin browse.m .

5.1.2 Basicoutput

As seenin the previous section,a correctinput enteredby the userwill nd therequestedie;
subsequent)ythedatafromthe le is storedn memoryto beprocesseth severalsteps.To start,
someof the rst datapointsareremored becausehey appeato beirrelevant (currentvalueof
-1). Then,the points are separatedetweenthe part whenthe bias voltageis increasing(up
sweep)yandthe partwhenit's decreasingdowvn sweep) Next, thedata,whichwerein telemetry
units, are calibratedso that the currentvaluesarein nanoampéreandthe biasvoltagevalues
arein volts. Notethatthe parametersf this calibrationare x edandhave beencalculatedrom
part of the commissioningdata, this is a temporarysolutionwhile waiting for PDS les with
calibrateddata. Finally, the datapoints are displayedin a currentvs biasvoltageplot in the
plotting area(the centralone).

Additionally, the correspondindabel le is also put in memory and the programgoes
throughit to selectsomerelevant elds which areimmediatelydisplayedin the mostright text
zone.lt is alsousedto nd theexactdateandtime of the sweepanddisplayit in theplot area.
Finally, the legendfor theplot is displayedon the bottomof the mostleft text zone. All of this
is mainly codedin affichage.m

5.1.3 Fitting

In this samefunctionaffichage  canalsobe calledsome tting routinesif requestedThose
arethe les in the analysisdirectory Like arny computerbasedsolving algorithm, this tting
is highly dependenbn the initial conditionsbecauset's using a numericalapproachwhich
consistsin varying the free parametersvhich areto be found until they t the datathe best.
Consequentlythe algorithmusedhereis only valid whenthe photoemissiorfrom the probeis
adominatingpartof the probecurrentaroundVg = 0. It will thuswork well in the solarwind
but neithercloseto the Earth(or Mars) nor atthecomet.

Thefunctionusedto t thedata(calledIsqcurvefit ) takesin aguments:the function
whichis usedasa model,theinitial valuesof the free parameterghe datapointswhich have to
be tted by the model,someconstraintsor the rangeof the free parametersandsome tting
optionscanbepassedoo.

Themethodusedhereisto t in severalstageghedataby addinganothercontritutionto the
currentat eachstage startingwith the mostimportanteffect for the rst stageandendingwith
theleastperturbatiorfor thelaststage.

The rst stageusesonly the currentcreatedby the photoemissiorfirom the probeitself because
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it is by far the mostimportanteffect (only whenthe probeis in sunlight). The equationusedfor
thismodelareequ.(11) and(12) with I 1 o andVs asfreeparameterandTpo X edto 2 eV.

The secondstageusesl s g and Vs which have just beenfound by the rst stageandaddsthe
currentdueto the photoemissiofrom thespacecraftTheequatioraddedareequ.(13) and(14)
with | 5o andTs asfreeparameters.

The third stagelet 1 5o and T be free parametersagainand addsthe modelfor the electrons
from the solarwind. The new equationsare(7) and(9) with | ¢ and T, asthird andfourth free
parametersOriginaly, | so andTs were x edin this stage usingthevaluesfoundin stage2, but
it appearedhe tting is moreprecisef those4 parameterarekeptfreealtogetherThis nally
makesstage2 completelyuselessit shouldthereforebe removedin laterimplementationde-
causeit is justunnecessargalculations.

Thefourth stepaddsthelastcontritution in this model,ie the solarwind ions, by addingequa-
tions(8) and(10). Thenew free parametersrel j, andT;, andall previousparametersre x ed
usingthevaluesfoundin the previous stagesxceptfor | ; g whichis setfreeagainin orderto let
theslopeof thecurne freefor V, < 0.

Finally, a last stageis computedwhith all the previous currentcontritutions andwith all pa-
rameterdree(l¢o, I so, le0, lio, Ts, Te, Ti). However, the valuesfoundin the previous stages
areusedto setsometight constrainton this t to insurethatthe t functionwill nd theright
results(sinceit's a minimum search several resultscould be possiblefor eachfree parameter)
andalsoto avoid someuselessandtime consumingcalculations Hence afterthis laststep,eight
parameterto t thedatahase beencomputedandarestoredin memoryfor furtheruse.

5.1.4 Additional controls and features

This softwarewasintendedto easilybronvsethe LAP data les that's why someotherfeatures
have beenimplemented.

For starters,one can notice the “next” and “previous” buttonswhich allow to quickly go
forwardsandbackwardsin chronologicalorderthroughthe les. All the actionswhich were
executedon a call for input  function are also executedon a click on “next” or “previous”;
i.e up/davn separationcalibrationanddisplayingof the graphandthe informationtexts. The
executionis of courseway fasterthanwith the useof “input” becausao searchis made,the
next (respprevious) le in chronologicabrderrelatively to theonewhichis currentlydisplayed
is simply pickedupin thedirectorywherethedata les are,theindex le is notusedhere.

The“play” buttoncallsa simpleroutinewhich executeghenext functionataregulartime
intenal (whichcanbechangedn play.m le, thedefaultis 0.15secondsaslongasthe“play”
buttonis not pressed secondime.

The"toggle probe”buttonallows to proces®only thedatafrom LAP1, or only LAP2, or both
of themasit is thedefaultcase For example,if thebuttonis presse@nce,only probelis enabled
andthe programwill ignorethe les containingdatapointsfrom RosettaLangmuirprobe2.
This is usefulfor instancen the casewhenoneof thetwo probesis in the shadw createdby
thespacecraftwhichwasthesituationduringcommissioningandyou wantto obsere only the
behaior of the probein sunlight.

The“Tog up/davn” button allows to choosewetherto treatonly the up sweep(respdown
sweep)r bothof them(by default). If only up (respdown) is selectedall the operationselated
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to the otherpartareskippedsothe executionshouldbe almosttwice faster

The“t on/off” button obviously permitsto enableor notthe t of thedata. It is worth to
letit off if the t is notwantedsincethe executionis a lot fasterif the ts arenot computed.If
enabledthe ts arecomputedthe t curvesaredisplayedn thegraphzone(magentdor dovn
sweepandred for up sweepby default), andthe resulting t parameterare displayedin the
mostleft text zone.

The “collect” button enablesto sare the computedt parameterén a le. Whenpressed
once,it (createsf necessargnd)opensin write modea le namedlap_data.txt in the
parentdirectoryof the LAP datadirectory(this canbe changedn collect.m ) andclosethis
le if pressedh secondime. Whenthe le is open,andif the t is enabledwith “t on/of”
button), the parameteraresimply appendedo the le eachtimea t is computed.Thereis no
veri cation if someparameterbave alreadybeenwritten, soif onefor exampleusesa sequence
like next, previous, next, the sameparametersvill be written twice in the le. Also notethat
someof the les areautomaticallyexcluded(by checkingattheinstrumenimodelD eld in the
label le) becausehey wereof nointerestfor the physicalanalysis.

The"“Toggledata’buttonshouldbeoperationathoughit is of no usefor themoment;t per
mits to switchbetweerdatafrom CALIBRATED, DERIVED, andEDITED directoriegdefault
EDITED) in the DATA directoryof the LAP datadirectory

Finally, the“Light/Shadav” buttonis supposedo switchbetweera modelwherethe probe
is in sunlightor in the shadav of the spacecrafbut it's not operationakt the momentbecause
themodelsfor theshadev arenotimplemented.

6 Results

Beforetalking aboutary scienceanalysis,it is interestingto note that the browsing software
appearedo be quite corvenientto go quickly throughall the generatedlataanddetectby this
meanserrorsin the databasesuchasduplicate les, wrongchronologicalorderor unexpected
gapsin the pool. BecauseRosettamissioninvolvesa lot of instrumentsandteamsall around
the world, the resultingcorventionsfor the creationof the dataarchivesfrom the raw dataare
somehw complicatedand can easily be subjectsto errorsand misunderstandingsilt is thus
usefulto have a tool which canrelatively quickly go throughall the data(or investigateat a
precisepointin time)while providing acorvenientway to monitorthetime of themeasurement,
the instrumentmodelD, andof coursethe datapointsthemseles. That's why this softwareis
appropriatdor thiskind of taskandcould probablybe enhancedor this purposdn thefuture.

For the scienceobjectivesit wasrathereasyto acquireall the interestingsweepsoncethe
browserwas nished. The processusvasalmostfully automaticthanksto the play function;
andthe sweepsn shadev wereavoidedsimply by enablingonly the LAP1 probesinceall the
LAP2 biassweepswverein shadav. As saidin the above section,the “non interesting”(ie non
biasvoltagesweepsn sunlight) sweepswverealsonot written in the le thanksto a detection
with instrumentmodelD. All the t parametersvereprintedin a le, orderedoy columnsand
henceeasilyusablewith Matlabto make someplots. A simpleroutinehenceallowedto obtain
thefollowing plotsfor bothup anddown sweeps:

Vs, Ts, Te, Ti, L0, I s0, | e0 @ndljp againstime.
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Ts, Te, Tiy I 0, I s0, | e0 @ndl o againstvs.

Theelectrondensitymeasurethy the ACE spacecraftfoundathttp://sec.noaa.géftpmenulists/acehtml)
Ne againsivs.

All thoseplotscanbefoundin Figuresb, 6, 7, 8 and9 wherethe greenpointsarefor the dovn

sweepparameterandthe blue pointsarefor the up sweepones. Notethat T vs Vs hasbeen
plottedwith a maximumvalue of 15 eV for Te while a few pointswerehigherthan15 eV so
they don't appearwontheplot.
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Figure5: Vs, Ts, Te, andT; againstime.

Which sourceof plasmahatdominategheprobecurrentwill dependnwhereontheprobe
curve we look. However, oneway of establishingherelative importanceof thedifferentcurrent
sourcedistedin section3.4 is to look at the characteristiozaluesl ¢ g, I sg, leg andljg. From
Fig.6,we nd thatthedominatingcurrentin this senseds the photoemissionasthetypical value
of the photoemissiosaturationcurrentl s g, around130nA, is morethan10 timeshigherthan
ary of theotherterms.This is exactly asexpectedfor thesolarwind plasma.

Amongtheremainingcurrentsourcesthephotoelectrorloudfrom thesatelliteis thelargest
in thesensdhatthetypicall 5o valuessome2 —10nA, is thenext in orderof magnitude Thisis
notstrangein thetenuoussolarwind plasmathedensityof photoelectrongs likely to dominate
overthenaturalplasmaelectronsat thelocationof the probe.
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Figure6: | ¢ g, | 5o, | e0, andl g againstime.

Canwe atall measurehe plasmaelectronsn this situation,whenthe photoelectrorensity
probablyis muchhigherthanthedensityof naturalplasmeelectronseartheprobe?Fromequa-
tion (6), it follows thatexpectedvaluesof | ¢ for a solarwind with density2 cm 2 (typical for
thesedaysaccordingto the ACE datain Fig. 9) andelectrontemperaturef 12 eV (140,000K,
typical valuefrom Table1) is aroundl1.5 nA for the LAP probesof radius25 mm. Thevalues
we nd for | ¢ in the plotsis exactly of this order This could be a numericalcoincidenceput
looking at the temperatureplots in Fig. 5, we also nd valuesof 5 — 10 eV for Tg, while Tg
staysmuchlower. This is the expectedorderof magnitudedor solarwind electronsandthe
photoelectrortloud (seeRef.[5]) respectiely, soit is possiblethatthe tting algorithmindeed
is capableof picking up the smalltraceof plasmaelectrons.

To furtherinvestigatdf thisis thecasewe look for correlationsbetween ¢ andthe space-
craft potentialVs in Fig. 7. As shawvn in for exampleRef. [5], Vs mustanticorrelatewith the
plasmadensityin a tenuousplasma.This is simpleto understandthe fewer plasmaelectrons
thereareto collect,themoreof its own photoelectronmustthe spacecraftiragbackin orderto
keepthenetcurrentzero,whichmeanst mustgoto higherpotential.If thel ¢ valueswe derive
from the sweeparerealthey shouldbe proportionalto the density andhenceVg andl ¢ should
anticorrelate Thereis almostno hint of any suchbehaiour in Fig. 7, but on the otherhandthe
variationsin Vg seenduringthe daysof operationarerathersmall, well within 1 V, sothenoise
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Figure7: l¢q, | so, | e0, @andl g againsivs.

in thel o estimatemay swampary realcorrelation.

A strongemhint of anticorrelatiorwith Vs is seerfor | 5o, thecurrentcollectedfrom thephoto-
electroncloud. This canbeunderstoodn termsof ahigherVs valuekeepingthe photoelectrons
closerto the spacecraftsothatfewer canreachthe probe.

Theion currentbehaessomavhatstrangely Thevalueof | i is higherthanl o whichis not
expected asthe electronsarelighter andmoremobile.Whilethe derived T; valuesindeedmay
seemto be of thecorrectorderof magnitudgcompareo Tablel), thisis unexpectedasT; here
rathershouldrepresenthe solarwind ion drift enegy, aroundor abore 1 keV (seediscussion
following equation(10)). It is possiblethat thereis someinstrumentoffset not yet corrected
for thatcauseghis behaiour, whoseorigin is the factthatthe probecurve (seethe examplein
Fig. 4) deviatesfrom beingperfectlyhorizontalmorethanexpectedat negatie voltages. This
will needfurtherinvestigations.

Hence,it is still uncertainf any parametersf the solarwind canbe derived from the cur
rentandtemperaturezaluesobtainedby the probesweepsn the very tenuoussolarwind that
surroundedRosettaduring the daysof operation.Thisis entirelyasexpected:LAP is designed
for muchdenseplasmasHowever, two of the t parameterareveryreliably determinedgiven
thatthey alonedominatethe shapeof the probesweep:the spacecrafpotentialVs, whichjustis
the positionof the kneeon the curve, andthe photoemissiorsaturatiorcurrentl ¢ o. Fig. 6 sug-
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Figure8: Ts, Te, andT; againsiVs.

gestthatl s o may have a decreasindrendduring the daysof operationswhich could possibly
re ect avariationin solarUV intensity This hasnotbeenpossibleto checkwithin this project,
but would be of interestto follow upin furtherstudies.

Thatthe spacecrafpotentialis accuratelydeterminedcanbe seenalsofrom thefactthatthe
valuesfrom the up- anddownward portionsof the sweepsarealmostidentical(Fig. 5). As we
discusse@bove, Vs mustdependon the plasmadensity ashasbeenexperimentallyveri ed on
mary spacecraf{seealsoRef.[5]. We have no independentensitymeasuremertb compare
to on Rosettabut we cancompareour Vs datato densitymeasurmentmadesimultaneousiyoy
someotherspacecraftin Fig. 9, we have plottedour Vs dataversusthe plasmadensityobtained
from theion detectoronthe ACE spacecraftsituatedatthe L1 Lagrangepointbetweerthesun
andthe Earth(but muchcloserto Earth). It is not possibleto seeary clearcorrelation.However,
ACE andRosettaareratherfar from eachother ascanbe seenin Fig. 10. We shouldtherefore
notbesurprisedverthelack of correlation-it simply shavs thatthemaindensitystructuresn
thesolarwind arenot coherenbver thedistanceseparatingrosetteand ACE duringthistime.
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Figure10: Rosettgposition.
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7 Conclusion

In the end, we cansaywe achiezed quite satishctory results: asa rst point we now have a
working tool to investigateon the integrity andcompletenessf the dataandon a secondpoint
we have beenableto judge of the high quality of the instrumentresolution. Of course there
still aresomedoubtsaboutthe valuesobtainedfor certainsparameterssuchastheion current,
and an improvementof the modelusedin the algorithmsas well as an investigationof the
possibleoffsetsto recalibratewill probablybethekey to fully determinghereliability of such
measurementsiowever, it is quiteimpressie to have obtainedsuchrealisticvaluesfor mostof
themwhereagheinstrumentis designedo operatein anervironmentof muchhigherdensity;
thislet usexpectsomereally goodresultsfor themeasurement® come,i.e in Marsionosphere
andof coursen the cometvicinity.
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A Appendix

All the following codecan be freely reusedas long asit is for non-commerciause. Note:
thereseemto be a con ict in morerecentMatlab versions(this codewaswritten with version

6.0.0.88)ecaus@f anew functionalsocalled t ; this shouldbe correctedn thelastversionof
PDS bowser

Note: Appendixhotincludedin this PDF version.
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