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ABSTRACT

Wehaveobtaineda new absolute�ux calibrationfor theSTISobjectiveprismthat yields�uxes accurateto 1%
rmsin the1300-3000	A rangerelativeto the�uxesmeasuredusingthe�rst-or dermodesG140LandG230L.We
havealsore-analyzedthe�ux calibrationfor � > 3000 	A,where theaccuraciesarelower. Thenew calibration
includesseparate sensitivitycurvesfor the 1200and2125 	A settingsas well as a time-dependentsensitivity
(TDS)solutionsimilar to (but independentof) theonederivedfor G230L.

Intr oduction

The objective prism on STIS is a dispersive elementwith a ratheruniquecharacteristicamongHST
observingmodes:spectracanbe acquiredin a singleexposureall the way from 1150 	A to theoptical band.
This is shown in Fig. 1, wherethe transformationfrom wavelengthto pixel, aswell asthedispersionrelation
(the inverseof thederivative of theprevious function)for theSTISobjective prismareshown. Theobjective
prism canusethe sameslits asthe STIS gratings. However, its full power is bestrevealedin slitlessmode,
wherethecompressionof thefull spectrumof a singlesourceinto a smallfractionof thehorizontalsizeof the
detectorcanbeusedto simultaneouslyobtainspectraof severalhundredsources.

Despitethosecharacteristics,theobjectiveprismwasnot usedasfrequentlyin the7+ yearsof theSTIS
lifetime asotherspectroscopicobservingmodes(thearchivecontainsonly 123scienti�c exposures).Thelikely
explanationis multiple: low sensitivity in theFUV comparedto the G140Lmode,low spectralresolutionin
the NUV comparedto the G230L or G230LBmodes,highly variablespectralresolution,andthe dif�culties
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Figure 1: (left) Transformationfrom wavelengthto pixel for the two centralwavelengthsettingsin theSTIS
objectiveprism.(right) Associateddispersionrelation.

Dataset Setting Aperture Date
o4pz02020 1200 52X2 21 May 1998
o4pz02030 1200 F25SRF2 21 May 1998
o68h01050 1200 52X2 18 Jul 2000
o68h01060 2125 52X2 18 Jul 2000
o8ia11050 1200 52X2 03 Sep2002
o8ia11060 2125 52X2 03 Sep2002
o8v540050 1200 52X2 10 Nov 2003
o8v540060 2125 52X2 10 Nov 2003

Table 1: Objective-prismdatasetswith observationsof thestandardstarHS 2027+0651usedin this ISR.

inherentto dealingwith crowding in slitlessspectralexposures. The �rst two characteristicsrelegatedthe
objectiveprismto somespeci�c scienti�c tasks;thelasttwo complicationswereovercomewith theavailability
of speci�c softwarefor theanalysisof STISobjective-prismdata(Má�z-Apellániz2005).

Anotherproblemis that theexisting absolute�ux calibrationfor theprismwasknown to beworsethan
thatof thegratingsdueto thesmallnumberof spectraonwhichit wasbased.Particularly, therepeatabilitywas
ratherpoor. For thatreason,theSTISgroupdecidedto embarkonaprojectto produceanimprovedcalibration
andtheresultsarepresentedin this InstrumentScienceReport.

Data and method

The datasetsusedfor thenew �ux calibrationof the STISobjective prismareshown in Table1. They
areall observationsof the white dwarf standardHS 2027+0651.The observationscover a large fraction of
the STIS lifetime (thusallowing an explorationof time-dependenteffects)andwereexecutedusingthe two
availablecentralwavelengthsettings,1200(5 datasets)and2125(3 datasets).Thewide 52X2slit wasusedon
7 datasetsandthe SRF2 �lter for the eighth. The latter cutsthe spectrumbelow 1280 	A; however, sinceour
analysiswill concentrateon � > 1300 	A wehave alsoincludedit. Two of theexposuresareshown in Fig. 2.

MULTISPEC (Má�z-Apellániz 2005) was usedto extract the spectraby pro�le �tting in the cross-
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Figure2: Two of theSTISobjective-prismexposuresof thestandardstarHS2027+6051usedin this ISR.The
left frameshowsdataseto8v540060(1200setting)andtheright frameshowsdataseto8v540050(2125setting).
Theverticalbandin bothcasescorrespondsto thegeocoronalLyman� emissionprojectedon the52X2slit.

dispersiondirection, onecolumn at a time. The �t residualswere found to contain1-2% (2125 setting)or
3-5% (1200setting)of the total �ux asa resultof the mismatchbetweenthe �tted pro�le andthe real one.
No signi�cant differenceswerefoundbetweentheresidualsintegratedover an11-pixel verticalbox andthose
integratedover a 61-pixel one. The 11-pixel residualwasaddedto the spectraobtainedby pro�le �tting to
improve theprecisionof ourmeasurements.A manualshift in thezerox positionof thespectrumwasapplied
to eachdatasetby comparingthe FUV absorptionlines with thoseof a referencespectrumof the samestar
obtainedfrom G140L+G230Ldata. The obtaineddisplacementwasof the orderof 1 pixel in all cases.The
reasonwhy suchashift is necessaryis relatedto thewavelength-dependentdispersionof objective-prisms.This
is illustratedin Fig. 3: if theexactzerox positionis not known within betterthan1 pixel, thenerrorsof a few
percentin themeasured�ux esareexpectedfor 1300 	A < � < 3000 	A. Thesituationis evenworseat longer
wavelengths,anissuethatwe will explorein thenext section.

After thespectrawereextracted,wecomparedthemeasured�ux eswith thoseof thereferencespectrum.

Results

1300 	A < � < 3000 	A

We startby analyzingthewavelengthrange1300 	A < � < 3000 	A. We plot in Fig. 4 our �ux esfor each
of theeight datasetsdividedby the referencespectrumof HS 2027+6051,i.e. thecorrectionthatneedsto be
appliedto thesensitivity curve. Resultshave beenrebinnedontoa uniform wavelengthgrid andsmoothedto
increasetheS/N ratio. Thereareconsiderabledeparturesfrom unity aswell asdifferencesbetweendifferent
datasets.Ona closerlook, however, severalpatternscanbeseen:
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Figure 3: (left) Inversesensitivity of the STIS objective prism with the SRF2 �lter (changeswith respectto
the CLEAR modeareminimal in the plottedrange). A histogramis usedto illustratethe variablenatureof
thedispersion,with eachstepcorrespondingto onepixel. (right) Percent�ux errorgeneratedby shifting the
locationof thespectrumby onepixel in thex direction.

Figure 4: Ratioof thesmoothedmeasured�ux dividedby thereference(grating)valuefor theeightdatasets
in oursampleusingtheexisting �ux calibration.Theleft panelshowsthe� ve1200datasetsandtheright panel
thethree2125ones.
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Figure 5: Sensitivity correction(left) andTDS correction(right) for theSTISobjective prismderived in this
ISR.Theleft panelshowsthetwo independentsolutionsderivedfor eachcentralwavelengthsetting.Theright
panelshowsthesolutionsderivedfor (a) thewholewavelengthrange[black], (b) 1300-1950	A [blue], and(c)
2000-3000	A [red].

� The correctionfor eachof the two settingscanbe approximatelycharacterizedby a singlefunction of
wavelengthdisplacedby aconstantwhich is differentfor eachexposure.

� Thecorrectionsfor thetwosettingsalsohavesimilarrelativeshapes(i.e. thetwo functionsof wavelength
havesimilarcharacteristics),with amaximumaround2100 	A andaminimumaround2600 	A. However,
thetwo curvesappearnot to beentirelyidentical.

� The displacementbetweeneachindividual exposurein a settingis stronglycorrelatedwith the obser-
vation date. The senseandmagnitudeof the correlationwith epochappearto be similar for the two
settings.

Thosepropertiesled usto devisea correctionfor themeasured�ux esof the form f s(� ) � g(t), that is,
theproductof a wavelength-dependentfunctionf (differentfor eachsettings) anda time-dependentfunction
g. Herewewill call the�rst partthesensitivity correctionandthesecondonethetime-dependentsensitivity (or
TDS) correction.f s(� ) wasderivedby dividing eachof thecurvesin Fig. 4 by its wavelength-averagedmean
andthenaveragingtheresultingfunctions.g(t) wasderivedby interpolatingin time betweenthewavelength-
averagedmeansof eachof thecurvesin Fig. 4. Resultsareshown in Fig. 5.

As expectedfrom our previousimpressions,thetwo sensitivity correctionsaresimilar but not identical.
RegardingtheTDScorrection,theevolutionseemsto becloseto linearin time,with a totalvariationof � 10%
betweenearly1998andlate2003.We alsotried to detecta possiblewavelengthdependenceon g(t), aneffect
which is seenfor G230Ldata(Stysetal. 2004),by dividing ourdatain two ranges,“FUV” (1350-1950	A) and
“NUV” (2000-3000	A). As seenin Fig. 5, thewavelengthdependenceis veryweak,if presentatall. Therefore,
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Figure 6: SameasFig. 4 afterapplyingthesensitivity correctionandtheTDSsolutionderivedin this ISR.

we adoptedachangeof sensitivity with time independentof wavelength1.

Theresultof applyingthenew sensitivity calibrationis seenin Fig. 6. Thermsaccuraciesareapproxi-
mately1%(slightly higherfor the1200setting,slightly lower for the2125setting)and90%of thedatapoints
show accuraciesof 2%or better.

The TDS correctiondevelopedherehasthe samesign as the G230L one, and its magnitudeis also
comparable.At 2000 	A, theG230LTDS is quitesimilar to theprismone,while at 2800 	A it is � 50%thatof
theprism. We do not have enoughtemporalcoverageto detecttheriseanddeclineof thesensitivity thatwas
foundby Stysetal. (2004)in G230Lduringthe�rst threeyearsof operationsof STIS.

� > 3000 	A

The STIS objective prism candetectphotonsin the optical band,thoughat a reducedsensitivity and
spectralresolution(seeFig. 3 andnotethat it is possibleto detectphotonsevenwith � > 5000 	A). However,
two new problemsarepresentfor � > 3000 	A thathampera propercalibrationof thedata.

The�rst problemis mostseverein the3000-3500	A rangeandhasalreadybeenmentioned:amismatch
in thezerox positionof the spectrumof 1 pixel introducesanerror of a few percentat shorterwavelengths;
however, it canhave disastrousconsequencesin the 3000-3500	A rangebecausethe slopeof the sensitivity
curve (asa functionof pixel position,not of wavelength)is very large. As seenin theright panelof Fig. 3, the
errorsinducedby sucha smalldisplacementcanbeashighasseveraltensof percentagepoints.

Thesecondproblemis severefor mostof � > 3000 	A andis indirectly relatedto thepreviousone.The
large slopeof the sensitivity curve asa function of pixel position yields large differencesin the numberof
countsbetweenclosepositionsin thedetectori.e. the quantityjcounts(pixel a)-counts(pixel b)j/distance(a,b)

1Dueto implementationissues,theTDS correctionactuallyimplementedwithin theSTISpipelinecorrectiondiffersslightly from
theonediscussedherein thattheeightpointsin theright panelof Fig. 5 were�tted with asinglestraightline insteadof usingpiecewise
interpolation.This changeraisedtheformalRMS uncertaintyonly veryslightly (by < ,1%).
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Figure 7: Prismto reference�ux ratiosin the3000-6000	A rangefor theeightHS 2027+0651datasetsshown
in Fig. 6. The color codingis the sameoneasin that �gure, with solid lines for the1200settinganddotted
onesfor the2125setting.

becomeslargefor smallvaluesof distance(a,b).Therefore,oneexpectsthatasigni�cant fractionof thecounts
detectedarounde.g.3500 	A do notoriginatefrom realphotonsat thosewavelengthsbut from thewingsof the
line-spreadfunction (LSF, i.e. thecomponentof thePSFin thewavelengthdirection)at shorter-wavelengths
(e.g. from a wavelengthof 3000 	A, just a few pixels away, wherethe numberof countsis so muchhigher
thatthewingsof theLSF, partsof which fall in thepixelsof thedetectorthatcorrespondto 3500 	A, containa
numberof countscomparableto thecoreof theLSF at thatlongerwavelength).Indeed,it canbeseenthatthe
observedcross-dispersionpro�le broadensconsiderablyaround3500 	A, asexpectedfrom suchLSF effects.

There is no way to preciselycorrect theseproblems,especiallythe latter becauseit arisesfrom the
intrinsic natureof theLSF. However, wedevisedanapproximatemethodwhichconsistsof:

� As previously stated,usingFUV lines suchasLyman� (wherethe spectralresolutionis muchbetter
thanin theNUV) to �x thezerox positionof thespectrumto betterthan1 pixel.

� Usingthecross-dispersionpro�le for 3000 	A for all longerwavelengthsin theMULTISPEC�t. This is
donein orderto minimizethearti�cial broadeningcausedby theLSFeffects.

� Applying the sensitivity andTDS correctionsderived in theprevious subsectionfor � = 3000 	A to the
full opticalrangeredwardof 3000 	A.

� Adding the �t residualto the �ux in the sameway we did in theUV. Several valuesfor thesizeof the
verticalboxweretestedandthecurrentdefaultof 11 pixelsturnedout to givethebestresult.

We plot in Fig. 7 theresultsobtainedfor theeightdatasetsusedin this ISR. In the3000-6000	A range,
the ratio of the prism to the reference�ux hasa meanof 0.97andan rms scatterof 0.13,which re�ects the
precisionof our �ux calibrationin thiswavelengthrange.
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Conclusions

We have developednew photometriccalibrationsfor the two centralwavelengthsettingsof the STIS
objective prism mode. We have also calculateda wavelength-independentTDS correctionspeci�cally for
the prism modes. The combinationof both correctionsallows for an rms accuracy of 1% with respectto
the G140L+G230Lresultsin the 1300-3000	A range,which themselveshave an absoluteaccuracy of 3-4%
(Bohlin 2000).For � > 3000 	A, theaccuracy is lowerdueto imprecisionsin theassignmentof wavelengthsto
thespectrumon thedetectorandto contaminationbetweenadjacentwavelengths.
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