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ABSTRACT

Rocket obserationsof thereflectionnehula IC 405arepresentedincludinga high quality
spectrumof the exciting star and netular scatteredight in the FUV bandpass.Thesedata
shawv arise in the ratio of netlular surface brightnesgo stellarflux of roughly two ordersof
magnitudetowards shorterwavelengthsacrossthe bandpas®f the instrument. A model of
fluorescingnolecularydrogerin thenehulais developedasapossiblesxplanation.Themodel
emissiorspectrums producedisingvaluesderivedfrom recentobserationsmadewith the Far
Ultraviolet Spectroscopi€xplorer This modelillustratesthepresencef fluorescenmolecular
hydrogenin IC 405, but we determinethatthe emissionis not the dominantfactorin the short
wavelengthincrease Otherexplanationsandfuture directionsarediscussed.

1. Introduction

Onemethodof determiningthe physicalpropertiesof gasanddustin theinterstellarmedium(ISM) is
to studytheseobjectswherethey interactwith stars.Reflectionnelulae offer an opportunityto studydust
absorptionandscatteringoroperties excitationsof the atomicandmoleculargasspeciegpresentandhow
they altertheintrinsic stellarspectrum Onemeasuremerthatcanshedconsiderabldight onthe processes
occurringin thenehulais theratio its surfacebrightnesgo the stellarflux (S/F.). In principle,this requires
two measurements spectrumof the exciting star(s)anda separatespectrumof the netular region. One
way of makingthesemeasurementsimultaneouslyis the useof animaging spectrograph.Obsenrations
with animaging,or long-slit, spectrograplallow spectrao be measuredt eachlocationon the long-axis
of theslit (cross-dispersiodirectionof the diffraction grating),obtainingdataover afinite angularsizeon
the sky. Thistechniqudendsitself to the studyof reflectionnelulae,wherethe centralstartypically hasa
smallangularseparatiorfrom the gasanddustwith whichit interacts.

Suchan obsenration wasrecentlymadeof the reflectionnetula IC 405 by a rocket-borne,long-slit
spectrograplin the farultraviolet spectralregion ( 900 — 1400A ). Upon analysis,the datarevealedan
increasen theratio of nehular surfacebrightnesgo stellarflux of approximatelytwo ordersof magnitudeo
shorterwavelengthsacrosshe bandpas®f the instrument.This resultis in contrastwith similar measure-
mentsof otherwell studiedreflectionnelulae, NGC 2023andNGC 7023, which shav a constantratio in
this spectrakegion (4; 9). Onepossibleexplanationof this blueriseis a populationof molecularhydrogen
thatis absorbingultraviolet continuumradiationfrom the exciting starandproducingfluorescentemission
in extendedregionsof the nelula. The purposeof this paperis to modelsucha populationand compare
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the outputto obsenrationsof thenekulain orderto betterunderstandhe physicalprocessesccurringthere.
Section2 discusse$C 405andtherocket obserationsthatweremade.Section3 outlinesthe dataanalysis
procedureanddiscussesheresultsof the obsenations. Our modelingprocessconsistof producinga pop-
ulationof molecularydrogenn thegroundelectronicstateandexposingit to the ultraviolet radiationfield
from the exciting star Usingknown molecularratecoeficients,the moleculeswill absorktheseultraviolet
photonsandthen cascadéackto the groundelectronicstate,andit is a spectrumof this reemissiorthat
is the modeloutput. Details of the modelingprocessarediscussedn section4, while section5 discusses
the resultsandtheir implicationsfor the physicalconditionswithin the netula. Additionally in section5,
a brief descriptionis given of this models possibleapplicationto recentobsenationsof the auroraeof the
giantplanetsmadewith the Far Ultraviolet Spectroscopi&xplorer(FUSE).We concludewith anappendix
discussingadditionalevidencesupportingour result: a new scatteredight calibrationtechniqueand data
from otherspace-bornebsenratories.

2. Sounding Rocket Observations of 1C405

IC 405 s a reflectionnehlula in in Auriga, traditionally knovn as The Flaming Sar Nebula. It is
illuminatedby a centralstar AE Aur (HD 34078),whichis a runavay from the Orion Nekula. AE Aur is
thoughtto have beenejectedfrom Orion roughly 2.5 million yearsagoin a binary-binaryinteractionthat
led to the creationof the well studiedi Ori binary system(2). ConsequentlyAE Aur is moving with a
large propermotionthroughthenetula (= 17 AU/yr), andhasbeentraditionally obseredto studyspectral
time variations. AE Aur is thoughtto be cospatialwith the nelula at a distanceof about450 pc. It is
brightin boththevisible (V = 6.0)andthe ultraviolet (HD 34078- 09.5Ve), althoughit is ratherextincted
(E(B — V) = 0.53).

IC 405 was obsered by a rocket-borne,farultraviolet imaging spectrograph.A telescopefocuses
the tamget at the entranceapertureof the instrument,an evacuatedRowland Circle spectrographusing a
microchannebplate stackdetectorwith a KBr photocathodereadoutby a doubledelay-lineanode. The
spectrograplis keptat a vacuumof ~ 10~8 torr, andisolatedfrom the spectrograplsectionby a gatevalve
thatopensattheappropriatgimein flight. Thespectrographandtelescopeectionsshareacommornvacuum
(P < few x 107° torr). A mirroredslitjaw lies at the telescopdocusanda long slit (12" x 200" projected
onthesky) definesthe entranceapertureo the spectrographThe spectrograplachieresa pointing limited
spectraresolutionof ~ 3 A. Thetelescopesectionof theinstrumentconsistof the Faint ObjectTelescope
(FOT) andan Attitude Control System(ACS) startracker mountedaft of the telescopeon a ‘spider’ thatis
fastenedo aninvar heatshield. The FOT is a 40 cm diameterDall-Kirkham, with afocal ratio of ~ 16 and
SiC coatedoptics. Theaft endof thetelescopesectionis sealedoy a vacuumdoor

Thisexperimentwaslaunchedaboarda Mark 70 TerrierBlack BrantlX soundingocket (NASA flight
number36.198UG) from White SandsMissile Range,New Mexico (106°3 West, 32°4 North), on 09
February2001at 21:00MST. Thetametis obtainedby referencinghe startrackr to two bright guidestars
(Sirius and Capella),thenreorientingto the taget. The obtainedfield is within a few arcminutesof the
nominaltarget,andthisfield is relayedto the groundin real-timethrougha Xybion TV cameramagingthe
slit jaw (20 field-of-view). Fineadjustmentsreperformedwith real-timeACS commanduplinksto argon
jets.
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Datawas obtainedof IC 405 from our arrival at the tamget field to experimentturn-of (T +150—
T +490seconds)Thecommanduplinkswereusedto placeHD 34078into theslit, thetotal stellarintegra-
tion time wasroughly 106 seconds During the flight, the pointingwasadjustedo two previously defined
offsetsto sampleotherpartsof the nelula. Figurel illustratesthelong-slit spectrunof the starandnetula
measurediuringtheflight.

3. DataAnalysis

Flight datawere analyzedusing IDL codecustomizedo readthe dataassuppliedby the telemetry
system. A backgroundsubtractioncan be madeby measuringthe flux on the detectorafter instrument
turn-on,but prior to targetacquisition. The primary sourceof backgroundlux is geocoronahirglow from
atomichydrogenandoxygen. The dataarealsocombinedwith absolutemeasurementsf telescopemirror
reflectivities and spectrograplguantumefficiencies,measuredoth beforeand after flight in the calibra-
tion facilities locatedat JohnsHopkins University Well characterizedletectoreffectsare alsoremoved.
Instrumentakcatteredight profilescanbe measuredndarediscussedn the Appendix.

The stellarspectruncanbe measuredby correctingfor pointingchangesandextractingthe datafrom
the detectorregion wherethe starwas present. Figure 2 shaws the spectrumof the HD 340780obtained
duringtheflight. The spectrums of high quality (S/N = 10-15atR = 300),andis consistentvith previous
FUV measurementsAfter the staris removed, the spectrafrom different regions within the nelula can
be separatedby "time-tagging” the datafrom a playbackof the Xybion camerathat shavs the flight time.
Figure 3 shaws the spectraof the nelula immediatelysurroundingthe starand at the first offset pointing
(alonga bright filament, 425’ to the northeast). Due to the lower flux away from the star and the short
integrationtimesinherentto a soundingrocket flight, the datawererebinnedto improve the signalquality.
Theflux atthe secondbffsetpositionwasnot appreciablydifferentthanthe background.

Integratingthe nehular spectreover the areaof theslit allows oneto measureahe brightnessOncethe
nelular brightnessindstellarflux have beenmeasuredheirratio ( S/F, ) givesacommonlyuseddiagnostic
of the propertiesof thenehula (4). It is in this ratio thatour obserationsreveal their moststriking feature,
theratio of nelular surfacebrightnesgo stellarflux displaysarise of roughlytwo ordersof magnitudeo the
bluefrom 1400to 900A . The casefor this bluenessiis strongfor the nehular regionsnearthe centralstar
anddespitethedecrease®/N for the nelular offsetpointing,a similar trendappearso bepresentFigure4
shavs the S/F, ratios. This resultis in ratherstarkcontrasto previous obserationsof reflectionnehulae.
An identicalmeasuremertiasbeenmadefor NGC 2023, usingthe sameinstrumentandexperimentalset-
up (4) anda similar obserationwasmadeof NGC 7023,usinga combinationof datafrom Voyager2 and
theHopkinsUltraviolet Telescop€HUT), aboardAstro-1(9).

Both NGC 2023andNGC 7023displaya flat nekular surfacebrightnesgo stellarflux ratio acrosshe
FUV bandpassBurgh etal. have modeledhedustscatteringn NGC 2023anddeterminehatthe obsered
spectrums dueto adecreasinglbedobalancedy anincreasingphasdunctionasymmetryparamete(im-
provedabsorptiorefficiency balancedy morestronglyforwardscatteringgrains).Murthy etal. explainthe
flat spectrunin NGC 7023by having a decreasinglbedobalancedy anincreasen theflux of fluorescent
molecularhydrogen(H,) acrosshebandpass.
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Fig. 1.— Raw flight dataof HD 34078and the surroundingnehula, after correctionsfor maneuering,
spectrograplalignment,and detectoreffects. In additionto the stellarand nehular flux, one noticesthe
prominenthydrogenLy- a airglow.
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Fig. 2.— Flux calibratedspectrumof HD 34078, the centralstarin IC 405, overplottedwith a Kurucz
stellarmodel extincted by a Fitzpatrickand Massaparameterizationand atomicand molecularhydrogen
absorption(usinga columndensityof 21.15,dominatedby T = 80K) alongtheline of sight— Error plotted
asredbrokenline.
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Severalpossibilitieshave beensuggestetb explainthebluerisethatis exhibitedin IC 405. Differential
extinction within the nehula, suchasa particularclump of dustalongthe line of sight, could explain the
result. Determinationof differentialextinction is being pursuedand preliminaryresultsare mentionedn
section5. Corventionaldustscatteringnodelssuggesthatthe albedoof the netulais significantlygreater
thanunity, suggestinghatanemissionprocesof somesortis occurring. This emissioncouldbe produced
eitherby the netular dustor gas. Somesort of "extendedblue emission”from dustis only speculatie at
thistime, andemissiorfrom the netular gasis themoretraditionalexplanation.H, is analundantmolecule
thathasbeenobsered to producestrongfluorescenemissionin our bandpassandthe goal of this paper
is to modela populationof fluorescenmolecularhydrogento determineif it could be responsibldor the
obsered S/F, ratio. FUV continuumlongward of the Lymanlimit, 912A | canbe absorbedy hydrogen
moleculesandcausean electronictransitionfrom the groundstateto the LymanandWernerbands.These
excitedelectronicstategshendecayinto discreterovibrationalstatesof the groundelectronicstate emitting
UV photonsin the process(10). The combinationof a strongsourceof FUV continuum(HD 34078),
the large relatve alundanceof H, in the interstellarmedium,andthe fluorescenemissionfalling in the
bandpassef our experimenthave led usto investigatehis asa possibleexplanationof our obsenations.

4. Modelling Procedure

Developing a modelfor a populationof molecularhydrogenin IC 405 will allow us determinethe
possiblecontritution of fluorescencén therise of the S/F, to shorterwavelengths.Sucha modelcanbe
comparedwith the spectrumof the netula obtainedwith our rocket experimentto determinethe column
densitieof Hy, or atleastanupperlimit. If the datais foundto be consistentvith modelcalculationswe
canusethe modelto thenpredicttheintensitiesof the individual rovibrational statesghat may be detected
in emissionduring follow up obserationsat higherspectraresolutionandsensitvity.

The modelingfollows the methodof Wolven et al. who wereinterestedn modelingthe fluorescent
H, spectrumobsered at the ShoemakrLevy 9 impactsite on Jupiter(12). That model useda single
temperaturewith a solar UV-field at 5 AU. The model that we develop for IC 405 will generalizethe
Jovian modelto include two temperaturesgorrespondingo the rotationaland vibrational temperatures,
respectrely. Additionally, we will revise the UV-field by allowing for differentstellartypesat different
distancegfor exampleto illuminate our offsetpointing,the UV-field would be producedoy an09.5V type
field, Ters = 32,000K, log(g) = 4 atadistanceof 0.88pc).

A populationof Hy in its groundelectronicstateand in discreterotationaland vibrational statesis
created. This doneby following the formalismof Herzbeg to createa matrix of possibleenegy levels,
characterizedy their rotationaland vibrational quantumnumbers,j andv, respectiely (6). The total
enegy of a stateis given by the sumof the enegiesfrom eachtype of excitation, with E., the electronic
enegy equalto zerofor thegroundstate.Thetotal enegy is thenEror = Evip + Erot. Theenegy levelscan
be expressedn termsof theirwavenumbersin unitsof cm™1), for which vasttablesof molecularconstants
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Fig. 3.— Thetop spectrumwasobtainecnearHD 34078duringtamgetacquisitionandmaneuering. Below
is the spectrummeasuredt a pointing offset, a position previously obsered by the Hopkins Ultraviol et
Telescope. Errorsareplottedin red.
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exist. Thetotal enegy asexpressedn wavenumberss then

0 = 0c+G+F
where
G = We(V+1/2) — weXe(V+1/2)2 4
F = Byj(j+1)-Dyj(j+1)%+-

andao, isthewavenembernalogio theelectronicenegy ( = 0). Thew, termsabose aremolecularconstants,
but the B, andD, termsrepresent couplingbetweenthe rotationalandvibrational states. For example,
onemight imaginea high j-state”stretching” the molecule,producinganharmoninicityin the vibrational
potential,or the molecules momentof inertiachanging(andhenceit’'s rotationalenegy) asthe molecule
vibrates.To first order thesecouplingtermscanbe expressed

By = Be—0g(V+1/2)+---
Dy = De—Be(V+1/2)+---

whereBg, De, 0g, and e, are all molecularconstanty7). It canbe seenthen that the enegy can be
decomposethto termsproportionalto j, termsproportionalto v, anda crosstermthatis approximately

Eross = —3(V+1/2)(j(j+1)) 3)

(1)

(2)

Thewavenumberexpression®f theenepgy arethencorvertedbackinto unitsof enegy (ergs),andan
occupatiorprobability of a givenrovibrationalstate,P(v, j), is found multiplying the Boltzmannfactorby
the degenerag of a given state.The rotationalandvibrationalcomponent®f the enegy areseparateénd
assignedndividual temperaturei the Boltzmannfactor which raisesthe question,whatis the coupling
temperature?n orderto avoid this complication,a seriesof testswererun for singletemperaturenodels
bothwith andwithoutthe crossterm. We foundthatthe crosstermhada negligible effect on all vibrational
statesandrotationalstatesof | < 12 for temperaturegessthanthe collisional disassociatiotemperature
(=~ 4000K). This groundstatepopulationis thenexposedto the UV-field describedabore, andexcitation
into the upperstatesaredetermineddy theoreticalkratesat the Born limit, thenre-emitusingthe calculated
emissionprobabilitiesof Abgrall etal. (1). It is this emissionspectrunthatis the outputof the model,with
the rotationalandvibrationaltemperatureandthe total columndensityof molecularhydrogenN(H>), as
theinputs.

Themodelincorporateghe optionto manuallyinput the columndensitiedor eachrovibrationalstate
providedthey canbedeterminedy someothermeans For example,recentFUSEobsenrationsof AE Aur
have revealeda large columndensityalongthe line of sight, possiblyassociatedavith IC 405 (8). Le Petit
et al. derive columnsfor thefirst 19 enepy levels (startingat E(0,0)), andfind a total columndensityof
N(Hy) = 6.4x10?° cm—2. Eithertheindividual or total columnscouldbeinputsinto our model. Finally, this
modelcould alsobereturnedto the Jovian systento help explain recentFUSE obserationsof Jupiterand
Saturn. At thetime of this writing, severallines of H, presenin the spectreaof their auroraeare poorly fit
by existing onetemperaturenodels.

5. Results

In thissectionwe presenthepreliminaryresultsof ourmodelingeffortsandacomparisorof themodel
againsflight data.In their analysisof theline of sightto HD 34078,Le Petiteetal. reporta columndensity
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of 6.3x 108 cm~2 for the”warm” (T > 80K) moleculathydrogerandfit thehigherlying absorptiorinesof

H, aspopulationswith temperaturesf 400and1000K, respectrely (8). We adoptthesevaluesasnelular
andusethem(Ntor = 6.3x10® cm~2, Tip = 1000,and T, = 400)asour initial modelinputs. Themodel
outputis anemissionspectrumat a resolutionof R = 100,000at 1000A. This spectrumis thenconvolved

with a Gaussiamprofile thatapproximatesheline-spread-functin of thesoundingocket experiment(= 3A

for the”nearstar” pointing). Figure5 shavs the nehular spectrawith anoverplotof thefluorescenemission
model.
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Fig. 5.— Nelular spectrawith model emissionspectra(T,o = 400, T.ijp, = 1000K) overplottedin blue.
Several lines areidentifiedin the "near star” nelula, but thereis little agreementvith "off star” nelular
position.

The comparisorof the flight datawith the modelallows oneto make the immediateconclusionthat
while thereare several agreementbetweenthe model and the "near star” nehular region, the "off star”
positionis poorlyfit by the model. This resultis not entirely unexpectedasthe valuesinputinto the model
werederived from obsenationsof the netula in the immediatevicinity of the star Giventhe non-uniform
appearancef IC 405, thereis no reasono expectthe valuesof temperatureandcolumndensityto be the
samen regionsspatiallyseparatety almosta parsec Additionally, asHD 34078is only passinghroughi,it
maynothave hadtime to establishanequilibriumthroughouthenehula. Nearthestar weidentify hydrogen
emissionlinesnear1055,1100,1175,and1230A.

The analysisleadingto the ratio of netular surface brightnesso stellarflux may be repeatedafter
subtractinghemodelfrom thenehular flight data,to producea”hydrogenfree” S/F,. Wefind thatthe S/F,
ratio risesslightly lessstrongly but thatthe contritution of theemissionlinesis negligible within theerrors
whencomparedwith the orderof magnitudescaleeffectswe areexploring. Thus,despitethe presencef
fluorescenthydrogenemissionin IC 405, we concludethatit is a higherordereffect in determiningthe
ratio S/F,. Figure®6 illustratesthe analysisincluding the subtractionof the model,andlittle differenceis
discerniblefrom Figure 4. The combinationof the resultspresentechereand initial work on exploring
dustconcentrationsn the nelular region nearthe starleadsus to believe that differential extinction is the
explanationfor thetwo orderof magnituderisein S/F, to shorterwavelengths.This differentialextinction
would mosteasilybe explainedasa clumpy dustdistributionin thenetula, andin particular thatthecentral
starlies behindathin filamentor smallknot of dust. Preliminaryefforts usinganimagereductiontechnique
to exposethehighfrequeny structuran thenehulaandreducesaturatiorfrom thecentralstarhave indicated
a denseandfilamentarystructurenearthe star The techniqueemployed is similar in spirit to the method
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of unsharpmasks(11) (this techniquehasalsoallowed usto identify ExtendedRed Emissionin a nehular
filament). A more rigorousdeterminationof the extinction in the nelula may be madeusing hydrogen
Balmerratiosandis thetopic of futurework.
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Fig. 6.— Repeatinghe netular analysiswith the fluorescenemissionspectrunsubtractededuceshavs
little reductionin the S/F, riseto shortwavelengths.

6. Closing

Spectraof thereflectionnehula IC 405 have beenobtainedwith a rocket-bornelong-slit spectrograph
in the 900— 1400A region. Theratio of netular surfacebrightnesso stellarflux, S/F,, hasbeenanalyzed
for two positionsin the netula and we have found a rise to shorterwavelengthsof roughly two orders
of magnitudeacrossthis bandpass.Variousexplanationshave beenproposedand this paperfocusedon
the possibility that a populationof fluorescentemissionfrom molecularhydrogenwas producingthe blue
nelular excess. A modelingprocedureis outlined that assumes populationof molecularhydrogenin
its groundstateilluminatedby a strongUV-field will be excitedinto upperelectronicstatesandproducean
emissiorspectrunmasit cascadedownwardinto discreterovibrationalstates.Themodelusesatotal column
densityderivedfrom molecularydrogerabsorptioralongtheline of sightto thecentralstay HD 34078(8).
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Fig. 7.— Model fluorescenemissionspectrumasobsened with high sensitvity anda spectralresolution
of ~ 20,000.
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We comparedhemodelemissiorspectrumwith theflight databy corvolving it with thespectraprofile
of the rocket experiment. The modelidentified several featuresn the nelular spectrumobtainednearthe
centralstar but wasa ratherpoorfit to the othernehular pointing. Theseidentificationsareinterestingand
warrantfurtherobserationsat higherspectrakesolutionandsensitvity, seeFigure7, but arenot suficient
in explainingthetwo orderof magnitudeisein S/F,. Molecularhydrogerappearso beahigherordereffect
in the nelular brightnesf IC405. The mostplausibleexplanationat this time is differentialextinction due
to anisotropicallydistributeddust. Futurework will allow this hypothesigo be moreconclusvely tested.
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A. Scattered Light Calibration and Supporting Evidence

Whentheseresultswerefirst presentedat the 199thmeetingof the AmericanAstronomicalSociety
they weremetwith skepticism.Individualsfamiliar with the obserationalandtheoreticapropertiesof dust
scatteringn reflectionnehulae suggestedhat our 'blue’ S/F, wasa resultof aninstrumentaleffect, such
asscatteredight contaminationln additionto thefactthattheresultis aratio, andthereforeinstrumental
effectswould tendto cancelthemselesout, we presentwo additionalargumentssupportingthe validity of
ourresult,anend-to-endalibrationof theinstrumentakcatteredight profile andindependentonfirmation
of ourresultusingdatafrom HUT andFUSE.

A.1l. Vacuum Ultraviolet Collimator

FUV instrumentatiorrequirestestingand calibrationin high vacuumenvironmentsto avoid contam-
ination, operatemicrochannebplate detectors and overcomethe strong atmosphericattenuationof FUV
light. Large vacuumcalibrationsystemsare expensve to build and maintain,andasa consequencesnd-
to-endtestingof a vacuumultraviolet optical systemhastraditionally beenchallenging.We have recently
obtaineda collimatorusedin calibratingFUSE,andfitted it with vacuumskinsprovided by WallopsFlight
Facility (5). The collimatoris a Cassgrain telescopewith a 381 mm primary diameter a focal ratio of
~ 12, and SiC coatedopticsfor improved FUV reflectance.The collimator vacuumskin tapersto 17.26
inchesand couplesto the aft end of the instrumentsectionwhereit sharesa vacuumwith the Telescope
and SpectrograplBections. This allows for full end-to-endpre/postflighttestingand calibration,includ-
ing LSF andflat-field determination.A computercontrolledmotorizedstageprovides mountsfor several
light sources:a gasdischage pinhole lamp for point sourcesimulation, an electron-impactamp and a
Bayard-Alpertion gaugefor filled apertureexperiments.Preciseknowledgeof the LSF hasenhancedhe
capabilitiesof the JHU soundingrocket experimentby allowing usto clearlydistinguishbetweerthe profile
of extendedhehular flux andinstrumentabkcatteredight (5). Flatfielding givesusabetterunderstandingf
detectomon-uniformitiesand permitsa morecompletecalibration. Figure 8 shavs a comparisorbetween
thescatteredight profile determinedisingthe vacuumcollimatorandthe actualnehular extensionthatwas
obseredduringtheflight.

A.2. Comparison with HUT and FUSE Archival Data

HUT, aboardAstro-2, obsered IC 405 with a pointing very nearto the nelular offset obseration
discussedbore (unpublished)Combiningthis obserationwith theFUSEobsenationdiscussedbore (3),
allow usto reproducethe S/F, determinatiorwith independentiatasets. The netular HUT spectrumcan
be integratedover areaof the slit (19'x197') to measurethe netular surface brightnessand the stellar
FUSE spectrumcanbe convolved with an 8 A Gaussiarprofile to roughly matchthe HUT filled-aperture
resolution. Theseproductscanthen be divided, and the resultantratio spectrumshavs the same= two
orderof magnitudeisetowardsthe blueendof the spectrumwith anabsoluteoffsetdueto thelargerHUT
apertureand the extraction of the stellarregion from the rocket data. Figure 9 displaysthe HUT/FUSE
analogto our measured®/F,.
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