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ABSTRACT

We haveobtaineda new absolute ux calibrationfor the STISobjectiveprismthatyields uxes accumateto 1%
rmsin the1300-300QA rangerelativeto the uxes measuedusingthe rst-or dermodes5140LandG230L.We
havealsore-analyzedhe ux calibrationfor > 3000A, wheietheaccuraciesare lower. Thenew calibration
includessepaate sensitivitycurvesfor the 1200and 2125 A settingsas well as a time-dependergensitivity
(TDS)solutionsimilar to (but independentf) theonederivedfor G230L.

Intr oduction

The objective prism on STIS is a dispersve elementwith a ratherunique characteristimamongHST
observingmodes:spectracanbe acquiredin a single exposureall the way from 1150A to the optical band.
Thisis shown in Fig. 1, wherethe transformatiorfrom wavelengthto pixel, aswell asthe dispersiorrelation
(the inverseof the derivative of the previous function)for the STIS objective prism areshavn. The objective
prism canusethe sameslits asthe STIS gratings. However, its full power is bestrevealedin slitlessmode,
wherethe compressiomf thefull spectrunof asinglesourceinto a smallfractionof the horizontalsizeof the
detectorcanbe usedto simultaneouslpbtainspectreof severalhundredsources.

Despitethosecharacteristicshe objective prismwasnot usedasfrequentlyin the 7+ yearsof the STIS
lifetime asotherspectroscopiobservingnodeqthearchive containsonly 123scienti ¢ exposures) Thelikely
explanationis multiple: low sensitvity in the FUV comparedo the G140L mode,low spectralresolutionin
the NUV comparedo the G230L or G230LB modes,highly variablespectralresolution,andthe dif culties
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Figure 1: (left) Transformatiorfrom wavelengthto pixel for thetwo centralwavelengthsettingsin the STIS
objective prism. (right) Associatedlispersiorrelation.

Dataset Setting Aperture Date
04pz02020 1200 52X2 21May 1998
04pz02030 1200 F25SRF2 21 May 1998
068h01050 1200 52X2  18Jul2000
068h01060 2125 52X2  18Jul2000
08iall050 1200 52X2 03 Sep2002
08iall060 2125 52X2 03 Sep2002
08v540050 1200 52X2 10Nov 2003
08v540060 2125 52X2 10Nov 2003

Table 1: Objective-prismdatasetsvith obsenationsof the standardstarHS 2027+0651usedin this ISR.

inherentto dealingwith crownvding in slitlessspectralexposures. The rst two characteristicselegatedthe
objective prismto somespeci c scienti ¢ tasks;thelasttwo complicationsvereovercomewith the availability
of speci ¢ softwarefor theanalysisof STIS objective-prismdata(Ma’z-Apellaniz2005).

Anotherproblemis thatthe existing absoluteux calibrationfor the prismwasknown to be worsethan
thatof thegratingsdueto thesmallnumberof spectreon whichit wasbased Particularly, therepeatabilitywas
ratherpoor. For thatreasonthe STIS groupdecidedto embarkon a projectto produceanimproved calibration
andtheresultsarepresentedn this InstrumentScienceReport.

Data and method

The datasetsisedfor thenew ux calibrationof the STIS objective prismareshown in Tablel. They
are all obsenationsof the white dwarf standardHS 2027+0651. The obsenationscover a large fraction of
the STIS lifetime (thusallowing an exploration of time-dependengffects) and were executedusing the two
availablecentralwavelengthsettings,1200(5 datasetsand2125(3 datasets)Thewide 52X2 slit wasusedon
7 dataset@andthe SRF, Iter for the eighth. The latter cutsthe spectrumbelov 1280 A; however, sinceour
analysiswill concentraten > 1300A we have alsoincludedit. Two of theexposuresareshownn in Fig. 2.

MULTISPEC (Ma'z-Apellaniz 2005) was usedto extract the spectraby pro le tting in the cross-
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Figure 2: Two of the STIS objective-prismexposuref thestandardstarHS 2027+6051usedin thisISR. The
left frameshavsdataseb8v54006(0(1200setting)andtheright frameshowns dataseb8v54005(02125setting).
Theverticalbandin bothcasegorrespondso thegeocoronaLyman emissionprojectedon the52X2 slit.

dispersiondirection, onecolumnat atime. The t residualswere found to contain1-2% (2125 setting)or
3-5% (1200setting)of the total ux asa resultof the mismatchbetweenthe tted pro le andthereal one.
No signi cant differencesverefoundbetweerthe residualsntegratedover an 11-pixel verticalbox andthose
integratedover a 61-pixel one. The 11-pixel residualwas addedto the spectraobtainedby pro le tting to
improve the precisionof our measurement\ manualshift in thezerox positionof the spectrumwasapplied
to eachdataseby comparingthe FUV absorptionlines with thoseof a referencespectrumof the samestar
obtainedfrom G140L+G230Ldata. The obtaineddisplacementvasof the orderof 1 pixel in all cases.The
reasorwhy suchashiftis necessaris relatedto thewavelength-dependenispersiorof objective-prisms.This
is illustratedin Fig. 3: if theexactzerox positionis not known within betterthanl pixel, thenerrorsof a few
percentin the measuredux esareexpectedfor 1300A < < 3000A. Thesituationis evenworseat longer
wavelengthsanissuethatwe will explorein thenext section.

After thespectravereextracted we comparedhemeasuredux eswith thoseof thereferencespectrum.

Results

1300A < < 3000A

We startby analyzingthewavelengthrangel300A < < 3000A. We plotin Fig. 4 our ux esfor each
of the eight datasetslivided by the referencespectrumof HS 2027+6051j.e. the correctionthat needso be
appliedto the sensitvity curve. Resultshave beenrebinnedonto a uniform wavelengthgrid andsmoothedo
increasehe S/N ratio. Thereare considerableleparturesrom unity aswell asdifferencesetweendifferent
datasetsOna closerlook, however, sereral patternscanbe seen:
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Figure 3: (left) Inversesensitvity of the STIS objective prism with the SRF, lter (changeswith respecto
the CLEAR modeare minimal in the plottedrange). A histogramis usedto illustratethe variablenatureof
the dispersionwith eachstepcorrespondingo onepixel. (right) Percentux errorgeneratedy shifting the
locationof the spectrumby onepixel in thex direction.

Prism to grating calibrations for HS2027+0651, CENWAVE=1200 (No TDS) Prism to grating calibrations for HS2027+0651, CENWAVE=2125 (No TDS)
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Figure 4. Ratio of the smoothedneasuredux dividedby the referencggrating) valuefor the eightdatasets
in our sampleusingthe existing ux calibration.Theleft panelshavsthe ve 1200datasetandtheright panel
thethree21250nes.
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PRISM sensitivity correction PRISM TDS correc! tion (FUV=1300-1950 Angstroms, NUV=2000-3000 Angstroms)
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Figure 5: Sensitvity correction(left) andTDS correction(right) for the STIS objective prism derivedin this
ISR. Theleft panelshovsthe two independensolutionsderivedfor eachcentralwavelengthsetting. Theright
panelshavsthe solutionsderivedfor (a) the whole wavelengthrange[black], (b) 1300-1950A [blue], and(c)
2000-3000A [red].

The correctionfor eachof the two settingscan be approximatelycharacterizedby a singlefunction of
wavelengthdisplacedy a constantwhichis differentfor eachexposure.

Thecorrectiondor thetwo settingsalsohave similar relative shapesi.e. thetwo functionsof wavelength
have similar characteristics)yith amaximumaround2100A anda minimumaround2600A. However,
thetwo curvesappeamnotto beentirelyidentical.

The displacemenbetweeneachindividual exposurein a settingis strongly correlatedwith the obser
vation date. The senseand magnitudeof the correlationwith epochappearto be similar for the two
settings.

Thosepropertieded usto devise a correctionfor the measuredux esof theformfg( )  g(t), thatis,
the productof a wavelength-dependeffiiinctionf (differentfor eachsettings) anda time-dependerfunction
g. Herewewill callthe rst partthesensitvity correctionandthesecondnethetime-dependergensitvity (or
TDS) correction.fg( ) wasderivedby dividing eachof the curvesin Fig. 4 by its wavelength-a&eragedmean
andthenaveragingthe resultingfunctions.g(t) wasderived by interpolatingin time betweerthewavelength-
averagedmeansof eachof thecurvesin Fig. 4. Resultsareshavnin Fig. 5.

As expectedfrom our previousimpressionsthe two sensitvity correctionsaresimilar but notidentical.
Regardingthe TDS correction the evolution seemgo becloseto linearin time, with atotal variationof  10%
betweerearly 1998andlate 2003. We alsotried to detecta possiblewavelengthdependencen g(t), aneffect
whichis seenfor G230L data(Stysetal. 2004),by dividing our datain two ranges;FUV” (1350-19504) and
“NUV” (2000-300Q4). As seenin Fig. 5, thewavelengthdependencis veryweak,if presentatall. Therefore,
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Prism to grating calibrations for HS2027+0651, CENWAVE=1200 (PRISM TDS) Prism to grating calibrations for H$2027+0651, CENWAVE=2125 (PRISM TDS)
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Figure 6: SameasFig. 4 afterapplyingthe sensitvity correctionandthe TDS solutionderivedin this ISR.

we adopteda changeof sensitvity with time independenof wavelength.

Theresultof applyingthe new sensitvity calibrationis seenin Fig. 6. Thermsaccuraciesreapproxi-
mately 1% (slightly higherfor the 1200setting,slightly lower for the 2125setting)and90% of the datapoints
shaowv accuracie®f 2% or better

The TDS correctiondevelopedhere hasthe samesign asthe G230L one, and its magnitudeis also
comparableAt 2000A, the G230L TDS is quitesimilar to the prismone,while at 2800A it is 50%thatof
the prism. We do not have enoughtemporalcoverageto detectthe rise anddeclineof the sensitvity thatwas
foundby Stysetal. (2004)in G230Lduringthe rst threeyearsof operationof STIS.

> 3000A

The STIS objective prism can detectphotonsin the optical band,thoughat a reducedsensitvity and
spectralresolution(seeFig. 3 andnotethatit is possibleto detectphotonsevenwith > 5000A). However,
two new problemsarepresenfor > 3000A thathampera propercalibrationof the data.

The rst problemis mostseverein the 3000-3500A rangeandhasalreadybeenmentioned:a mismatch
in the zerox positionof the spectrumof 1 pixel introducesan error of a few percentat shorterwavelengths;
however, it canhave disastrousonsequences the 3000-3500A rangebecausedhe slopeof the sensitvity
curve (asafunctionof pixel position,not of wavelength)is very large. As seenin theright panelof Fig. 3, the
errorsinducedby sucha smalldisplacementanbe ashigh asseveraltensof percentag@oints.

Thesecondoroblemis severefor mostof > 3000A andis indirectly relatedto the previousone.The
large slope of the sensitvity curve asa function of pixel positionyields large differencesin the numberof
countsbetweenclosepositionsin the detectori.e. the quantityjcounts(pixel a)-counts(piel b)j/distance(a,b)

!Dueto implementatiorissuesthe TDS correctionactuallyimplementedvithin the STIS pipelinecorrectiondiffers slightly from
theonediscussedherein thattheeightpointsin theright panelof Fig. 5 were tted with asinglestraightline insteadof usingpiecevise
interpolation.This changeraisedthe formal RMS uncertaintyonly very slightly (by <,1%).
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Prism—to—grating ratios for the HS 202740651 datasets
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Figure 7: Prismto referenceux ratiosin the 3000-6000A rangefor theeightHS 2027+0651datasetshovn
in Fig. 6. The color codingis the sameoneasin that gure, with solid linesfor the 1200settinganddotted
onesfor the2125setting.

becomedargefor smallvaluesof distance(a,b)Therefore pneexpectsthata signi cant fraction of the counts
detectedarounde.g.3500A do notoriginatefrom real photonsat thosewavelengthsbut from thewings of the
line-spreadunction (LSF, i.e. the componenbf the PSFin the wavelengthdirection)at shorterwavelengths
(e.g. from a wavelengthof 3000 A, just a few pixels avay, wherethe numberof countsis so much higher
thatthe wings of the LSF, partsof whichfall in the pixelsof the detectorthatcorrespondo 3500A, containa
numberof countscomparablédo the coreof the LSF atthatlongerwavelength).Indeed,it canbeseenthatthe
obsenredcross-dispersiopro le broadengonsiderablyaround3500A, asexpectedirom suchLSF effects.

Thereis no way to preciselycorrecttheseproblems,especiallythe latter becauset arisesfrom the
intrinsic natureof the LSF. However, we devisedanapproximatenethodwhich consistsof:

As previously stated,using FUV lines suchasLyman (wherethe spectralresolutionis much better
thanin theNUV) to x thezerox positionof the spectrunto betterthanl pixel.

Usingthecross-dispersiopro le for 3000A for all longerwavelengthsn the MULTISPEC t. Thisis
donein orderto minimizethearti cial broadeningausedy the LSF effects.

Applying the sensitvity and TDS correctionsderived in the previous subsectiorfor = 3000A to the
full opticalrangeredwardof 3000A.

Adding the t residualto the ux in the sameway we did in the UV. Several valuesfor the size of the
verticalbox weretestedandthe currentdefaultof 11 pixelsturnedout to give the bestresult.

We plot in Fig. 7 theresultsobtainedfor the eightdatasetsisedin this ISR. In the 3000-6000A range,
the ratio of the prismto the referenceux hasa meanof 0.97 andan rms scatterof 0.13,which re ects the
precisionof our ux calibrationin this wavelengthrange.
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Conclusions

We have developednen photometriccalibrationsfor the two centralwavelengthsettingsof the STIS
objective prism mode. We have also calculateda wavelength-independentDS correctionspeci cally for
the prism modes. The combinationof both correctionsallows for an rms accurag of 1% with respectto
the G140L+G230Lresultsin the 1300-3000A range,which themseleshave an absoluteaccurag of 3-4%
(Bohlin 2000).For > 3000A, theaccuray is lower dueto imprecisionsn theassignmenof wavelengthgo
the spectrunon the detectorandto contaminatiorbetweeradjacentvavelengths.
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