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ABSTRACT

Rocket observationsof thereflectionnebula IC 405arepresented,includinga high quality
spectrumof the exciting star and nebular scatteredlight in the FUV bandpass.Thesedata
show a rise in the ratio of nebular surfacebrightnessto stellarflux of roughly two ordersof
magnitudetowardsshorterwavelengthsacrossthe bandpassof the instrument. A model of
fluorescingmolecularhydrogenin thenebula is developedasapossibleexplanation.Themodel
emissionspectrumis producedusingvaluesderivedfrom recentobservationsmadewith theFar
Ultraviolet SpectroscopicExplorer. Thismodelillustratesthepresenceof fluorescentmolecular
hydrogenin IC 405,but we determinethat theemissionis not thedominantfactorin theshort
wavelengthincrease.Otherexplanationsandfuturedirectionsarediscussed.

1. Introduction

Onemethodof determiningthephysicalpropertiesof gasanddustin theinterstellarmedium(ISM) is
to studytheseobjectswherethey interactwith stars.Reflectionnebulaeoffer anopportunityto studydust
absorptionandscatteringproperties,excitationsof theatomicandmoleculargasspeciespresent,andhow
they altertheintrinsic stellarspectrum.Onemeasurementthatcanshedconsiderablelight on theprocesses
occurringin thenebula is theratio its surfacebrightnessto thestellarflux (S

�
F� ). In principle,this requires

two measurements,a spectrumof the exciting star(s)anda separatespectrumof the nebular region. One
way of makingthesemeasurementssimultaneouslyis the useof an imagingspectrograph.Observations
with an imaging,or long-slit, spectrographallow spectrato bemeasuredat eachlocationon the long-axis
of theslit (cross-dispersiondirectionof thediffractiongrating),obtainingdataover a finite angularsizeon
thesky. This techniquelendsitself to thestudyof reflectionnebulae,wherethecentralstartypically hasa
smallangularseparationfrom thegasanddustwith which it interacts.

Suchan observation wasrecentlymadeof the reflectionnebula IC 405 by a rocket-borne,long-slit
spectrographin the far-ultraviolet spectralregion ( 900 – 1400Å ). Upon analysis,the datarevealedan
increasein theratioof nebularsurfacebrightnessto stellarflux of approximatelytwo ordersof magnitudeto
shorterwavelengthsacrossthebandpassof the instrument.This resultis in contrastwith similar measure-
mentsof otherwell studiedreflectionnebulae,NGC 2023andNGC 7023,which show a constantratio in
this spectralregion (4; 9). Onepossibleexplanationof this blueriseis a populationof molecularhydrogen
that is absorbingultraviolet continuumradiationfrom theexciting starandproducingfluorescentemission
in extendedregionsof the nebula. The purposeof this paperis to modelsucha populationandcompare
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theoutputto observationsof thenebula in orderto betterunderstandthephysicalprocessesoccurringthere.
Section2 discussesIC 405andtherocket observationsthatweremade.Section3 outlinesthedataanalysis
procedureanddiscussestheresultsof theobservations.Ourmodelingprocessconsistsof producingapop-
ulationof molecularhydrogenin thegroundelectronicstateandexposingit to theultraviolet radiationfield
from theexciting star. Usingknown molecularratecoefficients,themoleculeswill absorbtheseultraviolet
photonsandthencascadebackto the groundelectronicstate,andit is a spectrumof this reemissionthat
is themodeloutput. Detailsof themodelingprocessarediscussedin section4, while section5 discusses
the resultsandtheir implicationsfor the physicalconditionswithin thenebula. Additionally in section5,
a brief descriptionis givenof this model’s possibleapplicationto recentobservationsof theauroraeof the
giantplanetsmadewith theFarUltraviolet SpectroscopicExplorer(FUSE).Weconcludewith anappendix
discussingadditionalevidencesupportingour result: a new scatteredlight calibrationtechniqueanddata
from otherspace-borneobservatories.

2. Sounding Rocket Observations of IC405

IC 405 is a reflectionnebula in in Auriga, traditionally known asT he Flaming Star Nebula. It is
illuminatedby a centralstar, AE Aur (HD 34078),which is a runaway from theOrion Nebula. AE Aur is
thoughtto have beenejectedfrom Orion roughly 2.5 million yearsagoin a binary-binaryinteractionthat
led to the creationof the well studiedι Ori binary system(2). Consequently, AE Aur is moving with a
largepropermotionthroughthenebula ( � 17 AU/yr), andhasbeentraditionallyobservedto studyspectral
time variations. AE Aur is thoughtto be cospatialwith the nebula at a distanceof about450 pc. It is
bright in boththevisible (V � 6.0)andtheultraviolet (HD 34078– O9.5Ve),althoughit is ratherextincted
(E � B � V ��� 0 � 53).

IC 405 was observed by a rocket-borne,far-ultraviolet imaging spectrograph.A telescopefocuses
the target at the entranceapertureof the instrument,an evacuatedRowland Circle spectrograph,usinga
microchannelplatestackdetectorwith a KBr photocathode,readoutby a doubledelay-lineanode. The
spectrographis keptat a vacuumof � 10	 8 torr, andisolatedfrom thespectrographsectionby a gatevalve
thatopensattheappropriatetimein flight. Thespectrographandtelescopesectionsshareacommonvacuum
(P 
 few � 10	 5 torr). A mirroredslitjaw lies at the telescopefocusanda long slit (12� �
� 200� � projected
on thesky) definestheentranceapertureto thespectrograph.Thespectrographachievesa pointinglimited
spectralresolutionof � 3 Å . Thetelescopesectionof theinstrumentconsistsof theFaintObjectTelescope
(FOT) andanAttitude ControlSystem(ACS)startracker mountedaft of the telescopeon a ‘spider’ that is
fastenedto aninvar heatshield.TheFOT is a40 cm diameterDall-Kirkham,with a focal ratio of � 16 and
SiCcoatedoptics.Theaft endof thetelescopesectionis sealedby a vacuumdoor.

ThisexperimentwaslaunchedaboardaMark 70Terrier-BlackBrantIX soundingrocket (NASA flight
number36.198UG) from White SandsMissile Range,New Mexico (106� � 3 West, 32� � 4 North), on 09
February2001at 21:00MST. Thetarget is obtainedby referencingthestartracker to two bright guidestars
(Sirius andCapella),thenreorientingto the target. The obtainedfield is within a few arcminutesof the
nominaltarget,andthisfield is relayedto thegroundin real-timethroughaXybion TV cameraimagingthe
slit jaw (20� field-of-view). Fineadjustmentsareperformedwith real-timeACScommanduplinksto argon
jets.
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Data was obtainedof IC 405 from our arrival at the target field to experimentturn-off (T +150 –
T +490seconds).Thecommanduplinkswereusedto placeHD 34078into theslit, thetotal stellarintegra-
tion time wasroughly106seconds.During theflight, thepointingwasadjustedto two previously defined
offsetsto sampleotherpartsof thenebula. Figure1 illustratesthelong-slit spectrumof thestarandnebula
measuredduringtheflight.

3. Data Analysis

Flight datawereanalyzedusingIDL codecustomizedto readthe dataassuppliedby the telemetry
system. A backgroundsubtractioncan be madeby measuringthe flux on the detectorafter instrument
turn-on,but prior to targetacquisition.Theprimarysourceof backgroundflux is geocoronalairglow from
atomichydrogenandoxygen.Thedataarealsocombinedwith absolutemeasurementsof telescopemirror
reflectivities andspectrographquantumefficiencies,measuredboth beforeandafter flight in the calibra-
tion facilities locatedat JohnsHopkinsUniversity. Well characterizeddetectoreffectsarealsoremoved.
Instrumentalscatteredlight profilescanbemeasuredandarediscussedin theAppendix.

Thestellarspectrumcanbemeasuredby correctingfor pointingchangesandextractingthedatafrom
the detectorregion wherethe starwaspresent.Figure2 shows the spectrumof the HD 34078obtained
duringtheflight. Thespectrumis of highquality (S/N � 10-15at R = 300),andis consistentwith previous
FUV measurements.After the star is removed, the spectrafrom different regionswithin the nebula can
beseparatedby ”time-tagging” thedatafrom a playbackof theXybion camerathatshows theflight time.
Figure3 shows the spectraof the nebula immediatelysurroundingthe starandat the first offset pointing
(alonga bright filament,425� � to the northeast).Due to the lower flux away from the starand the short
integrationtimesinherentto a soundingrocket flight, thedatawererebinnedto improve thesignalquality.
Theflux at thesecondoffsetpositionwasnotappreciablydifferentthanthebackground.

Integratingthenebular spectraover theareaof theslit allows oneto measurethebrightness.Oncethe
nebularbrightnessandstellarflux havebeenmeasured,theirratio( S

�
F� ) givesacommonlyuseddiagnostic

of thepropertiesof thenebula (4). It is in this ratio thatour observationsreveal their moststriking feature,
theratioof nebularsurfacebrightnessto stellarflux displaysariseof roughlytwo ordersof magnitudeto the
bluefrom 1400to 900Å . Thecasefor this ’blueness’is strongfor thenebular regionsnearthecentralstar,
anddespitethedecreasedS/Nfor thenebular offsetpointing,asimilar trendappearsto bepresent.Figure4
shows theS

�
F� ratios. This resultis in ratherstarkcontrastto previousobservationsof reflectionnebulae.

An identicalmeasurementhasbeenmadefor NGC 2023,usingthesameinstrumentandexperimentalset-
up (4) anda similar observationwasmadeof NGC 7023,usinga combinationof datafrom Voyager2 and
theHopkinsUltraviolet Telescope(HUT), aboardAstro-1(9).

Both NGC 2023andNGC 7023displaya flat nebular surfacebrightnessto stellarflux ratio acrossthe
FUV bandpass.Burghetal. havemodeledthedustscatteringin NGC2023anddeterminethattheobserved
spectrumis dueto adecreasingalbedobalancedby anincreasingphasefunctionasymmetryparameter(im-
provedabsorptionefficiency balancedby morestronglyforwardscatteringgrains).Murthy etal. explainthe
flat spectrumin NGC 7023by having adecreasingalbedobalancedby anincreasein theflux of fluorescent
molecularhydrogen(H2) acrossthebandpass.
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Fig. 1.— Raw flight dataof HD 34078and the surroundingnebula, after correctionsfor maneuvering,
spectrographalignment,anddetectoreffects. In addition to the stellarandnebular flux, onenoticesthe
prominenthydrogenLy- α airglow.
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Fig. 2.— Flux calibratedspectrumof HD 34078,the centralstar in IC 405, overplottedwith a Kurucz
stellarmodelextinctedby a FitzpatrickandMassaparameterization,andatomicandmolecularhydrogen
absorption(usingacolumndensityof 21.15,dominatedby T = 80K) alongtheline of sight– Errorplotted
asredbrokenline.
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Severalpossibilitieshavebeensuggestedto explainthebluerisethatis exhibitedin IC 405.Differential
extinction within the nebula, suchasa particularclump of dustalongthe line of sight, could explain the
result. Determinationof differentialextinction is beingpursued,andpreliminaryresultsarementionedin
section5. Conventionaldustscatteringmodelssuggestthatthealbedoof thenebula is significantlygreater
thanunity, suggestingthatanemissionprocessof somesort is occurring.This emissioncouldbeproduced
eitherby thenebular dustor gas. Somesort of ”extendedblueemission”from dustis only speculative at
this time,andemissionfrom thenebulargasis themoretraditionalexplanation.H2 is anabundantmolecule
thathasbeenobserved to producestrongfluorescentemissionin our bandpass,andthegoalof this paper
is to modela populationof fluorescentmolecularhydrogento determineif it could be responsiblefor the
observed S

�
F� ratio. FUV continuumlongwardof theLymanlimit, 912Å , canbeabsorbedby hydrogen

moleculesandcauseanelectronictransitionfrom thegroundstateto theLymanandWernerbands.These
excitedelectronicstatesthendecayinto discreterovibrationalstatesof thegroundelectronicstate,emitting
UV photonsin the process(10). The combinationof a strongsourceof FUV continuum(HD 34078),
the large relative abundanceof H2 in the interstellarmedium,andthe fluorescentemissionfalling in the
bandpassof ourexperimenthave led usto investigatethisasa possibleexplanationof ourobservations.

4. Modelling Procedure

Developinga model for a populationof molecularhydrogenin IC 405 will allow us determinethe
possiblecontribution of fluorescencein the riseof the S

�
F� to shorterwavelengths.Sucha modelcanbe

comparedwith the spectrumof the nebula obtainedwith our rocket experimentto determinethe column
densitiesof H2, or at leastanupperlimit. If thedatais foundto beconsistentwith modelcalculations,we
canusethemodelto thenpredictthe intensitiesof the individual rovibrationalstatesthatmaybedetected
in emissionduringfollow up observationsathigherspectralresolutionandsensitivity.

The modelingfollows the methodof Wolven et al. who wereinterestedin modelingthe fluorescent
H2 spectrumobserved at the Shoemaker-Levy 9 impact site on Jupiter(12). That model useda single
temperature,with a solar UV-field at 5 AU. The model that we develop for IC 405 will generalizethe
Jovian model to include two temperatures,correspondingto the rotationalandvibrational temperatures,
respectively. Additionally, we will revise the UV-field by allowing for differentstellar typesat different
distances(for example,to illuminateouroffsetpointing,theUV-field wouldbeproducedby anO9.5V type
field, Te f f = 32,000K, log(g) = 4 atadistanceof 0.88pc).

A populationof H2 in its groundelectronicstateand in discreterotationaland vibrationalstatesis
created.This doneby following the formalismof Herzberg to createa matrix of possibleenergy levels,
characterizedby their rotationaland vibrational quantumnumbers, j and ν, respectively (6). The total
energy of a stateis given by thesumof the energiesfrom eachtype of excitation,with Ee, the electronic
energy equalto zerofor thegroundstate.Thetotalenergy is thenETOT = Evib + Erot . Theenergy levelscan
beexpressedin termsof theirwavenumbers(in unitsof cm	 1), for whichvasttablesof molecularconstants
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Fig. 3.— ThetopspectrumwasobtainednearHD 34078duringtargetacquisitionandmaneuvering.Below
is the spectrummeasuredat a pointingoffset, a positionpreviously observed by the Hopkins Ultraviolet
Telescope. Errorsareplottedin red.
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– 7 –

exist. Thetotal energy asexpressedin wavenumbersis then

σ � σe � G � F
where

G � ωe � ν � 1
�
2 ��� ωexe � ν � 1

�
2� 2 �������

F � Bν j � j � 1 ��� Dν j2 � j � 1 � 2 �������

(1)

andσe is thewavenemberanalogto theelectronicenergy ( = 0). Theωe termsabovearemolecularconstants,
but the Bν andDν termsrepresenta couplingbetweenthe rotationalandvibrationalstates.For example,
onemight imaginea high j-state”stretching” the molecule,producinganharmoninicityin the vibrational
potential,or themolecule’s momentof inertiachanging(andhenceit’s rotationalenergy) asthemolecule
vibrates.To first order, thesecouplingtermscanbeexpressed

Bν � Be � αe � ν � 1
�
2� �������

Dν � De � βe � ν � 1
�
2 � ������� (2)

whereBe, De, αe, and βe, are all molecularconstants(7). It can be seenthen that the energy can be
decomposedinto termsproportionalto j, termsproportionalto ν, andacrosstermthatis approximately

εcross � � 3 � ν � 1
�
2��� j � j � 1 ��� (3)

Thewavenumberexpressionsof theenergy arethenconvertedbackinto unitsof energy (ergs),andan
occupationprobabilityof a givenrovibrationalstate,P � ν � j � , is foundmultiplying theBoltzmannfactorby
thedegeneracy of a givenstate.Therotationalandvibrationalcomponentsof theenergy areseparatedand
assignedindividual temperaturesin the Boltzmannfactor, which raisesthe question,what is the coupling
temperature?In orderto avoid this complication,a seriesof testswererun for singletemperaturemodels
bothwith andwithout thecrossterm.We foundthatthecrosstermhadanegligible effecton all vibrational
statesandrotationalstatesof j � 12 for temperatureslessthanthe collisional disassociationtemperature
( � 4000K). This groundstatepopulationis thenexposedto theUV-field describedabove, andexcitation
into theupperstatesaredeterminedby theoreticalratesat theBorn limit, thenre-emitusingthecalculated
emissionprobabilitiesof Abgrall et al. (1). It is this emissionspectrumthatis theoutputof themodel,with
therotationalandvibrationaltemperaturesandthetotal columndensityof molecularhydrogen,N � H2 � , as
theinputs.

Themodelincorporatestheoptionto manuallyinput thecolumndensitiesfor eachrovibrationalstate
providedthey canbedeterminedby someothermeans.For example,recentFUSEobservationsof AE Aur
have revealeda large columndensityalongthe line of sight,possiblyassociatedwith IC 405(8). Le Petit
et al. derive columnsfor the first 19 energy levels (startingat E(0,0)),andfind a total columndensityof
N � H2 � = 6.4� 1020 cm	 2. Eithertheindividualor totalcolumnscouldbeinputsinto ourmodel.Finally, this
modelcouldalsobereturnedto theJovian systemto helpexplain recentFUSEobservationsof Jupiterand
Saturn.At the time of this writing, several linesof H2 presentin thespectraof their auroraearepoorly fit
by existingonetemperaturemodels.

5. Results

In thissection,wepresentthepreliminaryresultsof ourmodelingeffortsandacomparisonof themodel
againstflight data.In theiranalysisof theline of sightto HD 34078,Le Petiteetal. reportacolumndensity
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of 6.3� 1018 cm	 2 for the”warm” (T  80K) molecularhydrogenandfit thehigherlying absorptionlinesof
H2 aspopulationswith temperaturesof 400and1000K, respectively (8). We adoptthesevaluesasnebular
andusethem(NTOT = 6.3� 1018 cm	 2, Tvib = 1000,andTrot = 400)asour initial modelinputs.Themodel
outputis anemissionspectrumat a resolutionof R = 100,000at 1000Å. This spectrumis thenconvolved
with aGaussianprofile thatapproximatestheline-spread-function of thesoundingrocketexperiment( � 3Å
for the”nearstar”pointing).Figure5 showsthenebular spectrawith anoverplotof thefluorescentemission
model.
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Fig. 5.— Nebular spectrawith modelemissionspectra(Trot = 400, Tvib = 1000K) overplottedin blue.
Several lines are identified in the ”near star” nebula, but thereis little agreementwith ”off star” nebular
position.

The comparisonof the flight datawith the modelallows oneto make the immediateconclusionthat
while thereareseveral agreementsbetweenthe model and the ”near star” nebular region, the ”off star”
positionis poorly fit by themodel.This resultis not entirelyunexpectedasthevaluesinput into themodel
werederived from observationsof thenebula in the immediatevicinity of thestar. Giventhenon-uniform
appearanceof IC 405,thereis no reasonto expectthevaluesof temperatureandcolumndensityto bethe
samein regionsspatiallyseparatedby almostaparsec.Additionally, asHD 34078is only passingthrough,it
maynothavehadtimeto establishanequilibriumthroughoutthenebula. Nearthestar, weidentify hydrogen
emissionlinesnear1055,1100,1175,and1230Å.

The analysisleadingto the ratio of nebular surfacebrightnessto stellarflux may be repeated,after
subtractingthemodelfrom thenebular flight data,to producea”hydrogenfree” S

�
F� . Wefind thattheS

�
F�

ratio risesslightly lessstrongly, but thatthecontribution of theemissionlinesis negligible within theerrors
whencomparedwith theorderof magnitudescaleeffectswe areexploring. Thus,despitethepresenceof
fluorescenthydrogenemissionin IC 405, we concludethat it is a higherordereffect in determiningthe
ratio S

�
F� . Figure6 illustratestheanalysisincluding thesubtractionof the model,andlittle differenceis

discerniblefrom Figure 4. The combinationof the resultspresentedhereand initial work on exploring
dustconcentrationsin thenebular region nearthestarleadsus to believe thatdifferentialextinction is the
explanationfor thetwo orderof magnituderisein S

�
F� to shorterwavelengths.This differentialextinction

wouldmosteasilybeexplainedasaclumpy dustdistribution in thenebula,andin particular, thatthecentral
starliesbehinda thin filamentor smallknotof dust.Preliminaryeffortsusinganimagereductiontechnique
to exposethehighfrequency structurein thenebulaandreducesaturationfromthecentralstarhaveindicated
a denseandfilamentarystructurenearthestar. The techniqueemployed is similar in spirit to themethod
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of unsharpmasks(11) (this techniquehasalsoallowedusto identify ExtendedRedEmissionin a nebular
filament). A more rigorousdeterminationof the extinction in the nebula may be madeusing hydrogen
Balmerratiosandis thetopic of futurework.
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Fig. 6.— Repeatingthenebular analysiswith thefluorescentemissionspectrumsubtractedreducesshows
little reductionin theS

�
F� riseto shortwavelengths.

6. Closing

Spectraof thereflectionnebula IC 405have beenobtainedwith a rocket-bornelong-slit spectrograph
in the900– 1400Å region. Theratio of nebular surfacebrightnessto stellarflux, S

�
F� , hasbeenanalyzed

for two positionsin the nebula and we have found a rise to shorterwavelengthsof roughly two orders
of magnitudeacrossthis bandpass.Variousexplanationshave beenproposedand this paperfocusedon
thepossibility thata populationof fluorescentemissionfrom molecularhydrogenwasproducingtheblue
nebular excess. A modelingprocedureis outlined that assumesa populationof molecularhydrogenin
its groundstateilluminatedby astrongUV-field will beexcitedinto upperelectronicstatesandproducean
emissionspectrumasit cascadesdownwardinto discreterovibrationalstates.Themodelusesatotalcolumn
densityderivedfrom molecularhydrogenabsorptionalongtheline of sightto thecentralstar, HD 34078(8).
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Fig. 7.— Model fluorescentemissionspectrumasobserved with high sensitivity anda spectralresolution
of � 20,000.
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Wecomparedthemodelemissionspectrumwith theflight databy convolving it with thespectralprofile
of the rocket experiment.Themodelidentifiedseveral featuresin thenebular spectrumobtainednearthe
centralstar, but wasa ratherpoorfit to theothernebular pointing. Theseidentificationsareinterestingand
warrantfurtherobservationsat higherspectralresolutionandsensitivity, seeFigure7, but arenot sufficient
in explainingthetwoorderof magnituderisein S

�
F� . Molecularhydrogenappearsto beahigherordereffect

in thenebular brightnessof IC405.Themostplausibleexplanationat this time is differentialextinctiondue
to anisotropicallydistributeddust.Futurework will allow thishypothesisto bemoreconclusively tested.
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A. Scattered Light Calibration and Supporting Evidence

Whentheseresultswerefirst presentedat the 199thmeetingof the AmericanAstronomicalSociety,
they weremetwith skepticism.Individualsfamiliarwith theobservationalandtheoreticalpropertiesof dust
scatteringin reflectionnebulaesuggestedthat our ’blue’ S

�
F� wasa resultof an instrumentaleffect, such

asscatteredlight contamination.In additionto thefact that theresultis a ratio, andthereforeinstrumental
effectswould tendto cancelthemselvesout,we presenttwo additionalargumentssupportingthevalidity of
our result,anend-to-endcalibrationof theinstrumentalscatteredlight profileandindependentconfirmation
of our resultusingdatafrom HUT andFUSE.

A.1. Vacuum Ultraviolet Collimator

FUV instrumentationrequirestestingandcalibrationin high vacuumenvironmentsto avoid contam-
ination, operatemicrochannelplate detectors,and overcomethe strongatmosphericattenuationof FUV
light. Large vacuumcalibrationsystemsareexpensive to build andmaintain,andasa consequence,end-
to-endtestingof a vacuumultraviolet opticalsystemhastraditionallybeenchallenging.We have recently
obtaineda collimatorusedin calibratingFUSE,andfitted it with vacuumskinsprovidedby WallopsFlight
Facility (5). The collimator is a Cassegrain telescope,with a 381 mm primary diameter, a focal ratio of
� 12, andSiC coatedopticsfor improved FUV reflectance.The collimator vacuumskin tapersto 17.26
inchesandcouplesto the aft endof the instrumentsectionwhereit sharesa vacuumwith the Telescope
andSpectrographSections.This allows for full end-to-endpre/postflighttestingandcalibration,includ-
ing LSF andflat-field determination.A computercontrolledmotorizedstageprovidesmountsfor several
light sources:a gasdischarge pinhole lamp for point sourcesimulation,an electron-impactlamp and a
Bayard-Alpertion gaugefor filled apertureexperiments.Preciseknowledgeof theLSF hasenhancedthe
capabilitiesof theJHUsoundingrocketexperimentby allowing usto clearlydistinguishbetweentheprofile
of extendednebular flux andinstrumentalscatteredlight (5). Flatfieldinggivesusabetterunderstandingof
detectornon-uniformitiesandpermitsa morecompletecalibration.Figure8 shows a comparisonbetween
thescatteredlight profiledeterminedusingthevacuumcollimatorandtheactualnebular extensionthatwas
observedduringtheflight.

A.2. Comparison with HUT and FUSE Archival Data

HUT, aboardAstro-2, observed IC 405 with a pointing very nearto the nebular offset observation
discussedabove(unpublished).Combiningthisobservationwith theFUSEobservationdiscussedabove(3),
allow us to reproducetheS

�
F� determinationwith independentdatasets.Thenebular HUT spectrumcan

be integratedover areaof the slit (19� ��� 197� � ) to measurethe nebular surfacebrightnessand the stellar
FUSEspectrumcanbeconvolved with an 8 Å Gaussianprofile to roughly matchtheHUT filled-aperture
resolution. Theseproductscan thenbe divided, and the resultantratio spectrumshows the same � two
orderof magnituderisetowardstheblueendof thespectrum,with anabsoluteoffsetdueto thelargerHUT
apertureand the extractionof the stellar region from the rocket data. Figure9 displaysthe HUT/FUSE
analogto ourmeasuredS

�
F� .
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F� determinedusing an IC 405 observation madeby HUT and the spectrumof HD 34078

measuredby FUSE,convolvedto thelower spectralresolutionof HUT. Thefeaturesnear1025and1090Å
aredueto strongLy-β airglow andanerrorin theextractionof theFUSEdata,respectively.
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