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[-]F±ommerol0F850FetFal5F]J6--,F±lanet5FandFSpaceFSci0F;D0-C6-)-C-J5F[J]F/ost0FK50FetFal5F]J6-3,F~carus0F
JJ;03;J)JCC5F [3]F ±ommerol0F 850F etF al5F ]inF prep,0F Spectro)photometricF characterizationF ofF theF
sublimationFofFicyFplanetaryFanalogsLFfirstFresultsFofFtheFS4~T<8SFexperiments5F

UnderstandingFtheFinteractionFofFinsolationFwithFplanetaryFsurfacesFisFcrucialFforFtheFinterpretationF
ofFpassiveFremote)sensingFdata5F7eterminingFtheFdependenceFofFobservedFspectro)photometricF
propertiesF onF quantitativeF propertiesF ofF theF surface0F suchF asF composition0F grainF sizeF andF
roughness0FisFveryFchallenging5

~nFadditionFtoFnumericalFmodelsFandFsimulations0FlaboratoryFexperimentsFwithFwellFcharacterizedF
analoguesFareFnecessaryFtoFlinkFremote)sensingFdatasetsFtoFphysicalFprocesses5

TheFphotometricFanalysisFofFwaterFice0FasFaFmajorFconstituentFofFtheFouterFsolarFsystemFbodies0F
eitherF inF itsF pureF formF orF mixedF withF mineralsF andF organicsF isF veryF delicate0F becauseF ofF theF
dependenceFofFphysicalFprocessesFonFenviromentalFconditions5

TheF >aboratoryF forF µutflowF StudiesF ofF SublimatingF =aterialsF ]>µSSy0F previouslyF calledF
P±lanetaryF ~ceF >aboratoryP,F atF theF UniversityF ofF KernF wasF designedF toF performF bidirectionalF
visibleF reflectanceF measurementsF andF hyperspectralF imagingF inF theF V~S)%~RF rangeF underF
differentFpressureFandFtemperatureFconditions5

TheF >µSSyF laboratoryF mainlyF consistsF ofF twoF
differentF experimentsqF theF ±°~R<)JF
]±°ysikalischesF ~nstitutF ReflectanceF
<xperiment)J,F gonio)radiometerF andF theF
S4~T<8SF]SimulationF4hamberFofF~magingFandF
TemporalF<volutionFofF8nalogFSamples,FthermalF
vacuumFchamberFequippedFwithFaFhyperspectralF
imagingFsystem5

±°~R<)JF [-0J]F isF designedF toF measureF theF
bidirectionalF reflectanceF ofF cm)sizeF samplesF atF
ambientF orF subzeroF temperaturesF ]downF toF
J3x&,F andF atmosphericF pressureF overF aF wideF
rangeF ofF geometries0F includingF opposition5F ~tF isF
equippedFwithFaFcollimatedF lightFsourceFandFsixF
differentFbandpassF filtersFoverF theFz;6)-6CznmF
spectralF range5F TheF lightF scatteredF fromF theF
sampleF isF measuredF withF aF silicon)photovoltaicF
sensor5F TheF instrumentF isF fullyF automaticF andF
optimizedFforFfastFacquisitionFtoFcharacterizeFtheF
potentialFtemporalFevolutionFofFicyFsamples5

TheFS4~T<8SFsimulationFchamberF[3]FisFusedFtoF
monitorF theF evolutionF ofF ice)bearingF samplesF
sublimingF underF lowF temperatureF ]-E6)J66&,F
andFlowFpressureF]O-6)CFmbar,FconditionsFwithFaF
V~S)%~RF hyperspectralF imagingF system5F µurF
mainFinterestFhereFisFrelatedFtoFtheFmicrophysicsF
ofF theF sublimationF process0F whichF leadsF toF
changesF ofF theF surfaceF morphologyF withF time0F
resultingF inF changesF ofF itsF spectro)photometricF
characteristics5

TheF mainF purposeF ofF ourF cometaryF analogF datasetF acquiredF withF ±°~R<)JF isF itsF useF inF theF
analysisFofFdataFtoFbeFmeasuredFbyFtheFµS~R~SFandFV~RT~SFinstrumentsFonFboardFRosetta5FTheF
combinedF useF ofF ±°~R<)JF andF S4~T<8SF allowsF usF toF monitorF changesF inF bidirectionalF
reflectanceF inducedFbyFsublimationFunderFsimulatedFspaceFconditions0FbyFregularlyFexchangingF
theFsampleFbetweenFtheFtwoFinstruments5F
GurtherFapplicationsFofFtheFS4~T<8SFsystemFareFtheFsimulationFofF°iR~S<FcolourFimagesFwithFicyF
samplesFforFaFbetterFunderstandingFofFphysicalFprocessesFonF=ars5FGurthermore0FhyperspectralF
imagesF ofF =artianF analogueF samplesF willF helpF inF simulationF 4aSS~SF imagesF ]aF cameraF stillF
underFconstructionFtoFbeFlaunchedFtowardF=arsFonFtheF<xo=arsFT+µ0FThomasFetFal50FthisFconf5,
8notherF fieldF ofF interestF liesF inF theF simulationF ofF surfaceF conditionsF onF /ovianF andF SaturnianF
satellitesFnamelyF<uropaFandF<nceladus0FwhoseFsurfacesFareFcomposedFmainlyFofFwaterFice5

PHIRE-2 SCITEAS

µperatingFtemperature )3;FtoF2J;°4 )-66FtoF2J;°4

µperatingFpressure ambientFatmosphere O-6)CmbarFtoFambientFatmosphere

µpticalFrange z;6)-6Cznm z66)J;66nm

µpticalFconcept KandpassFfilters =onochromator

>ightFsource J;6WFtungsten)halogen -66WFtungsten)halogen

~lluminatedFGµV 653)J56cm -;cm

SpatialFresolution none -3DJFxF-6z6FpxF]V~S,
3J6FxFJ;CFpxF]%~R,

µbservationFphaseFangle 6)-;6° fixedF]~J6°,

<nergyFinput OF;μW9cmJ ~;W9cmJF]thermalF~R,

8pplicationsF[Fµutlook

SublimationFexperiments
TheFfigureFbelowFshowsFaFcolourFcompositeFFandFspectraFfromFsamplesFofFiceFparticlesFmadeFupF
differentFmixturesFofFwaterFandFphyllosilicatesF]%a)montmorillonite,5FTheFtwoFsamplesFonFtheFleftF
areFmadeFofFanFPintra)mixturePqF theFphyllosilicateF isF thoroughlyFmixedFwithFwaterF insideF theF iceF
particlesFatFdifferentFconcentrations5FTheFsamplesFonF theF rightFareFmadeFofFanF Pinter)mixturePqF
theFphyllosilicateF isFcoatingFpureFwaterF iceFparticles5FTheFsublimationFofF theFwaterF leadsF toF theF
formationFofFdryFmineralFmantlesFwhoseFtextureFlargelyFdependsFonFtheFtypeFofFmixtureFandFonF
theFconcentrationFofFtheFphyllosilicate5FWeFareFstudyingFtheFeffectFofFtheseFsurfaceFtextures0FalsoF
includingFotherFcometaryFcomponentsF]olivine0Forganics,FonFtheFscatteringFofFlight5

TheFfigureFonFtheFleftFshowsFaFseriesFofF
±°~R<)JF measurementsF ofF glassF
spheresF actingF asF anF iceF analogue5F
8roundF oppositionF geometryF theF
angularF resolutionF isF increasedF toF
monitorFsubtleFfeaturesFofFtheFoppositionF
effect0FwhileF atF largeF phaseF anglesF thisF
wouldF giveF noF informationF benefitF andF
elongateF theF acquisitionF time5F
=easuringF atF highF incidenceF angleF
]"z6°,F allowsF toF retrieveF informationF
aboutF backward9F forwardF scatteringF
behaviorF andF highlightF roughnessF
effectsFcausedFbyFshadowing5<missionFangleF[°]<missionFangleF[°]
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%a)montmorilloniteF]-56Fwt5F.,F2FiceF]CE±3-µm,0Finter)mixtureF

%a)montmorilloniteF]65-Fwt5F.,F2FiceF]CE±3-µm,0Finter)mixtureF

%a)montmorilloniteF]-56Fwt5F.,F2FiceF]CE±3-µm,0Fintra)mixtureF

%a)montmorilloniteF]65-Fwt5F.,F2FiceF]CE±3-µm,0Fintra)mixtureF

>ightFarm

Sample

7etector

%~RFcamera
V~SFcamera

±umpingFsystem

VacuumFchamber

KeamFsplittingFsystemqFTheFincomingFlightF]red,FisFsplitFupF]-,0F
;6.F reachF theF sampleF theF restF isF reflectedF toF theF deflectionF
plateF ]J,5FTheF lightF scatteredF fromF theFsampleF ]blue,F isFagainF
spitF up0F oneF fractionF reachesF theF fiberF ]3,F theF otherF isF
transmittedF inF theF illuminationFdirection5F8FprecisionFscrewF]z,F
isF usedF toF alignF theF beamF splitter0F ];,F isF aF quick)releaseF
mechanism5

±°~R<)JFgonio)radiometer5FTheFincidenceFangleFi0FemissionFangleFeF
andFphaseFangleFgFdefineFtheFobservationFgeometry5

S4~T<8SFsimulationFchamberqF=onochromaticFlightFisFtransmittedFbyFaFfiberFtoFilluminateFtheFsampleFthroughFaFquartzFwindow5FTheFchamberFisFactivelyF
cooledFbyFaFliquidF%JFcirculationFsystemFandFevacuatedFbyFmembraneFandFturbomolecularFpumps5F8FcameraFsystemFacquiresFhyperspectralFimagesFinF
theF65z)J5zμmFspectralFrange5F8FsystemFforFcontrolledFgasFinletFisFinstalledFbutFwasFnotFyetFtested5

illuminatingFfiber

±haseFcurvesFofFsoda)limeFglassFspheresFasFanFiceFanalogue5FSpheriglassF;666F
isFtheFrawF]unsorted,FFmaterialF]D6.FwithinF65;)-D53μm,0FtypeFE6-6FisFtheFfinerF
subsetF]65;)-6μm,FandFtypeFE6J;FtheFcoarserFsubsetF]-6)-D5;μm,5
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