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ABSTRACT

Long-slit spectroscopicobservationsof a star, using the G750L grating with perpendicular-to-slit stepping
patterns,are comparedwith modelsbasedon theTiny Tim STISimagingPSF. Whenthestar is centeredin the
aperture(52x0.1,52x0.1E1,52x0.2,or 52x0.2E1),theobserved�ux exceedsthemodelpredictionsat distances
greater than 0.2 arcsecfrom the centerof the star, at �ux levels below a few percent of the peak,due to
scatteringanddiffraction.Whenthestar is movedout of theapertureby oneor twoslit widths,the�ux is less
than predictedfromthe modelling. Possiblereasonsfor this discrepancyare examined.TheG750Lgrating
and the mirror usedfor CCD imagingeach havea Lyot stop in their optical path, which broadensthe PSF
andrequiresan empiricaladjustmentin themodellingof narrow-slitspectroscopicPSFs.TheG750Mgrating,
oftenusedfor spatiallyresolvedspectroscopy, doesnothavea Lyotstop.Theeffectof theLyot stoponthePSF
is shownin a comparisonof thePSFs(observedandmodelled)for target-centeredpointingsusingtheG750M
andG750Lgratings.

Intr oduction

Many observingprogramshave usedSTIS to map sourcesspectroscopically. Typically, oneof the narrow
slits is steppedby its width a few timesto cover the region of interest.The �nite point spreadfuncion(PSF)
spreads�ux from row to row in a spectroscopicimage,andacrossthe slit from sourceslocatedin andout
of the slit. This contaminating�ux must be accountedfor in modelling the velocity structureand surface
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brightnessstructureof theregion. For example,measurementsof blackholemassarebeingmadeby applying
instrumentaleffects to modelsof nucleargaseousdisks to produceemissionline pro�les for comparisonto
observed line pro�les. Onestepin this procedureis to convolve a modelbrightnessdistribution at a given
wavelengthwith thepoint spreadfunctionat thatwavelength.PSFsgeneratedby thepublically availableTiny
Tim softwarearegenerallyused,althoughthey weredevelopedfor STIS imaging ratherthanspectroscopy.
Sincedifferencesin theopticsin the imagingandspectroscopiclight pathsproducedifferencesin thePSFat
thedetector, beyond thedispersionintroducedby thegratings,point sourceobservationsareusedhereto test
themodelsfor spectroscopicapplications.

Observationsand Data Reduction

Spectroscopicobservationsof HD73471,a bright K star (V = 4.45mag),wereobtainedin STIS calibration
program9610on 29 September2002. The 52x0.1slit wassteppedin a perpendicular-to-slit patternof � ve
0.1-arcsecstepscenteredon the star. Similary, the 52x0.2slit wassteppedin a perpendicular-to-slit pattern
of three0.2-arcsecstepscenteredon thestar. Both patternswererepeatedat theE1 aperturepositions,which
placethetargetnearthereadoutendof theCCD detectorto reduceCTI losses.TheG750Lgratingwasusedat
centralwavelengthsetting7751to makedataavailablefor spectroscopicPSFsfrom 5240to 10260 	A. For each
slit position,four dither stepswereperformedalongthe slit at 3.5 pixel intervals to give half-pixel sampling
andredundantpairsof observations(dithersof 0 and7 pixels,3.5and10.5pixels). Theexposureswereshort
(0.8secfor the52x0.1slit, 0.5secfor the52x0.2slit), sotheimagescouldbeusedseparatelywithout cosmic
ray rejection.

ACQ/PEAKswereusedto obtainpointingwith anaccuracy of 0.005arcsec.Theobservationsweredone
in thesequenceACQ,52x0.1ACQ/PEAK,52x0.1pattern,52x0.1E1ACQ/PEAK,52x0.1E1pattern,52x0.2E1
pattern,52x0.1ACQ/PEAK,52x0.2pattern.All but oneof the twenty exposuresin the 52x0.1patternwere
completedwithin oneorbit (49minutes).Threeslit positonsof the52x0.1E1patternwereexecutedwithin one
orbit andtheremainingtwo slit positionsextendedinto asecondorbit. The52x0.2and52x0.2E1patternswere
eachcompletedin a timespanof lessthan20 minutes.Thedriftrateof HST is lessthan0.01arcsecperhour,
andthermaldrifts aregenerallyless.Smallanglepointingmanuevershave errorslessthan0.003arcsec(STIS
InstrumentHandbook,Kim Quijanoetal. 2003).

Dataweretakenfrom thestandard�t images,which have beencorrectedwith bias,dark,and�at refer-
ence�les. A singlecolumnat 6600 	A in eachspectralimagewastakenastheobservationalPSF. 6600 	A was
chosenasrepresentativeof theH alpharegion of thespectrum.Comparisonof theredundantpairsof dithered
observationsshowedthat the�ux errorswerenot dominatedby theformal errorsincludedin theerrorarrays,
but ratherby othererrorssuchasslightly inaccuratedithersteps.Averagingover columnswould thereforenot
improve theaccuracy of theresults.

Modelling

ModelHST imagingPSFscanbeproducedusingTiny Tim software( http://www.stsci.edu/software/tinytim/ )
providedby Krist andHook. To generatea CCD spectroscopicPSF, theapertureis placedon a �nely sampled
monochromaticimagingPSFandthe �ux within theapertureis summedalongthe dispersiondirection. The
summed�ux esareblockedinto pixels in the cross-dispersiondirection, thena convolution is performedto
simulatechargediffusionon theCCD.TheimagingPSFappropriateto thegratingshouldbeused:generated
with aLyot stopin theopticalpath(defaultTiny Tim parameters)or withoutaLyot stop(customizedTiny Tim

2



InstrumentScienceReportSTIS2006-02

parameters).This methodof generatingthespectroscopicPSFmustbe modi�ed for thegratingsthathave a
Lyot stop,to takeinto accountthedifferencebetweentheimagingPSFsampledat theapertureandtheimaging
PSFmodelledon thedetector. An empiricalmodi�cation usinga simplescalingof thePSFis describedand
testedbelow.

Lyot stopsaremountedin front of theopticalelementsG430L,G750L,andMIRVIS (themirror usedfor
CCD imaging),closeto thepupil plane(ChuckBowers,privatecommunication).Thesecircularaperturesare
designedto supplementthefocalplanemaskusedin coronographicmodeby suppressingresidualscatteredand
diffractedstarlightfrom thecollimatedbeam(Heapet al., 2000),but they do soat theexpenseof broadening
thePSF. Thestopsareall nearlythesamesize(15.5mmfor MIRVIS andG430L,15.0mmfor G750L;George
Hartig,privatecommunication),sothis investigationwill usetheMIRVIS PSFto modelthespectroscopicPSF
for G750L.For �rst orderCCDgratingsotherthanG430LandG750L,theLyot stopcaneffectively beremoved
from theTiny Tim modelby enlarging it to thepoint thatthePSFbecomesinsensitiveto its size.

Theeffect of theLyot stopon thesizeof thePSFmustbedeterminedsothatsamplingof thePSFin the
slit planecanbemodelledappropriately. A comparisonof theradialpro�le of light for modelimagingPSFsat
6600 	A with andwithout theLyot stopis shown in Figure1. ThePSFswerenormalizedto thesametotal �ux.
EachPSF, subsampledby 0.1CCDpixel,wasdividedinto quadrantscenteredontheX andY axes.An annular
averageof �ux asa functionof distancefrom thecenterwascomputedfor thetwo X quadrantstakentogether,
andfor the two Y quadrantstakentogether. The resultingX andY �ux pro�les for the modelswith (solid
lines)andwithout(dashedlines)theLyot stopareshown in theupperpanelof the�gure. TheLyot stopmodel,
which effectively seesa smallerdiameterprimarymirror, hasa broaderAiry disk anda slightly moredistant
�rst Airy ring. For eachmodel,theX andY pro�les areverysimilar, showing thedegreeof X-Y symmetryof
themodels.In thelowerpanelof the�gure, themodelwith no Lyot stophasbeenexpandedradially by 10%,
andthetotal �ux hasbeenconserved. Thepro�les for theexpandedmodelareseento bea goodmatchto the
pro�les for themodelwith theLyot stop. Theimplicationof this comparison,that theLyot stopbroadensthe
PSFby 10%at 6600 	A, hasbeenusedin theapplicationof spectroscopicaperturesto thePSFfor G750L.The
slit hasbeenbroadenedby 10% whenappliedto the Lyot-stoppedimagingPSF, to compensatefor the 10%
narrower PSFin theapertureplane.Thedetailedfeaturesof theLyot-stoppedPSFarethuspreserved,andthe
extentof thePSFin thecross-dispersiondirectionat thedetectoris maintained,but thesamplingby theslit is
improved.

If necessary, theinput parametersfor Tiny Tim canbeadjustedfor changesin focus.Thespectroscopic
PSFnominally hasslightly betterfocus thanthe imagingPSF, but this wasalmostexactly compensatedfor
by the averageamountof defocusfound to be in effect at the time of the observationsfor program9610. (
http://www.stsci.edu/hst/observatory/focus/ givesmeasurementsof focus.) An additionalconsiderationis the
variation in focus that occursduring the courseof an orbit due to thermalchangesin the optical bench,a
phenomenonreferredto asbreathing.A temperature-basedmodelof breathingindicatesthattheexcursionof
thefocusfrom themeanwasup to +/-1.5micronsof secondarymirror motionduringtheobservations,which
shouldproduceanegligible changein thePSF.

An imageof thesubsampled(0.1pixel) 6600 	A Lyot-stoppedPSFis shown in Figure2, with overlaysof
the5 placementsof the(broadened)52x0.1slit andthe3 placementsof the(broadened)52x0.2slit usedin the
observations.Thetrefoil structurein the�rst Airy ring is causedby thethreesupportpadson theHSTprimary
mirror. Pro�les of thecentral10 rows of thesubsampledPSFimage(spanningoneCCD pixel alongtheslit)
areshown in Figure3. Thelocationsof theedgesof theslit areindicatedin the�gure. Nearthecentralrow of
thePSFimage,the�rst Airy ring is centeredin theintermediateslit positionsof the52x0.1observingpattern.
It is at theedgesof the52x0.2slit for all 3 positionsof thatobservingpattern.

The subsampledPSFwassummedover grids of 22 by 10 subpixels to represent(broadened)slitwidth
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Figure 1: Upperpanel:Pro�les of annularaveragesof theX andY quadrant�ux esfor theLyot-stoppedPSF
(solid lines)andunstoppedPSF(dashedlines). Lower panel:Sameasupperpanelexceptthat theunstopped
PSFhasbeenexpandedby 10%in radiuswith conservationof �ux.
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Figure 2: Model PSFsubsampledto dimensionsof 0.1 pixel, with overlaysof the 5 slit placementsof the
52x0.1slit (left) andthe3 slit placementsof the52x0.2slit (right). Theslits have beenbroadenedby 10%to
compensatefor thebroadeningof thePSFcausedby theLyot stop.
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Figure3: Pro�les of thecentral10rowsof thesubsampledPSF(compressedby 10%in thedispersiondirection
to compensatefor the broadeningcausedby the Lyot stop),with the locationsof the slit edgesindicatedby
triangles(52x0.1slit) anddiamonds(52x0.2slit).

timespixel heightfor the52x0.1observations,andover gridsof 44 by 10 subpixels to represent(broadened)
slitwidth timespixel heightfor the52x0.2observations.Thetargetwasassumedto becenteredin thecentral
slit in thex (dispersion)direction,sincetheACQ/PEAKsperformedwith the52x0.1slit achievedthiscentering
with anaccuracy of a tenthof a pixel. Sincethereis no constrainton they positioningof thespectrumwithin
a pixel ata givencolumn,thesummationwasperformed10 times,steppedby onesubpixel in they dimension
eachtime, to give 10 setsof PSFsto compareto the data. PSFsetsseparatedby 5 subpixel stepsin y thus
correspondto thehalf-pixel ditherpairsin thedata.

Beforecomparisonof thePSFsto thedata,oneadditionalprocedurewasnecessary:thesimulationof
chargediffusionontheCCD.An electronnot stronglyheldwithin thepixel whereit wasliberatedby a photon
canwanderinto anadjacentpixel. (SeeKrist 2003for a detaileddiscussion.)Therefore,for eachslit position
andy-centering,thesinglecolumnof numbersrepresentingthe PSFalongthe slit wasconvolvedwith a one
dimensionalchargediffusionkernel. Theinput �le generatedby Tiny Tim givessymmetric3 pixel by 3 pixel
kernelsat differentwavelengths,sothata kernelcanbecomputedfor aparticularwavelengthby interpolation.
(Tiny Tim automaticallyusesthesekernelsto apply charge diffusion to the PSFunlessit is sampledat the
subpixel level.) For thespectroscopicmodelling,the3x36600 	A kernelwascollapsedto they dimension.This
re�ects the fact that thestructureof thePSFin the x dimensionis lost in a spectralimage. Convolution of a
locally �at spectrumin a spectralimageby this1x3 kernelandby theoriginal 3x3kernelareequivalent.

Figure4 shows thespectroscopicPSFfor the target-centered52x0.1slit beforeblocking thesubpixels
into pixels(dot-dashedline), after theblocking(dashedline), andafterapplyingcharge diffusion(solid line).
Theblockedcharge-diffusedpro�le canbeinterpretedasaPSFgeneratedby taking�nely spacedalong-the-slit
dither stepswith the CCD. For a singleexposure,onemustchoosepointson thatpro�le at intervalsof 0.05
arcsec(oneCCD pixel).
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Figure 4: ThespectroscopicPSFfor the target-centered52x0.1slit beforeblocking thesubpixels into pixels
(dot-dashedline), aftertheblocking(dashedline), andafterapplyingchargediffusion(solid line).

ThespectroscopicPSFmodellingtechniquetreatstheapertureasa maskplacedon thePSF. For a spec-
troscopicexposureof astarcenteredin the0.2x0.2aperture,themodelled�ux in thecross-dispersiondirection
would belimited to 4 or 5 pixelsbeforeapplyingchargediffusion(dependingon how theapertureis centered
on therows of pixels),andwouldbespreadto a total lengthof 6 or 7 pixelsby thechargediffusionkernel.In
practice,the �ux trails off to a greaterdistance,dueto unaccountedfor diffractedandscatteredlight. Figure
5 showsthe6600 	A spatialpro�les of the�ux of thestarHD101998observedthroughthe0.2x0.2and52x0.2
apertures(exposureso4sp04030ando4sp04040,madeconsecutively within a timespanof eight minutesin
program7932).Thepro�les have beennormalizedby a constantto facilitatecomparisonof �ux esto thepeak
�ux. Theplot on theright is scaledto bettershow thepixelsbeyondthecentral7 rows,wherethemodelwould
indicate�ux=0 for the0.2x0.2aperturepro�le. Theobservedexcess�ux in the0.2x0.2aperturepro�le in this
region,neglectedby themodel,is a substantialfractionof the�ux observedin the52x0.2pro�le.

Comparison Of Data And Models

The �ux pro�le alongthe centralslit in eachobservingpatternwascomparedto the modelledpro�les. The
modelledpro�les with the y-centeringthat bestmatchedthe datawereselected.The modelledpro�les were
normalizedso that thegreatestvalueachieved in any of the tensetsof y-stepswas1.0. Thedatawerescaled
to matchthemodelledpro�les by requiringthe �ux summedover thecentral0.25arcsecin thecentralslit to
matchthesumof thePSFvaluesover thatregion.

Figure 6 shows the observed �ux along the centralslit (position 3 of 1,2,3,4,5)and the PSFmodel
predictionfor the52x0.1slit. Theleft columnof plotsshows theresultsfor the52x0.1observations(centered
on thedetector),andtheright columnshows thosefor the52x0.1E1observations(high on thedetector).The
threerows of plotsshow differentrangesin intensityanddistancealongtheslit. Themodelsareagoodmatch

7



InstrumentScienceReportSTIS2006-02

Figure 5: Observed �ux alongthe slit for the 52x0.2aperture(triangles)andthe 0.2x0.2aperture(squares)
centeredon a star. Dif ferent rangesin distancealong the slit (arcsec)and in �ux (normalizedby the same
constant)areshown in thetwo plots.Tick markson thex=0 line indicatetheheightof the0.2x0.2aperture.

to the observed �ux to about0.15 arcsecfrom the center, to within the systematicerrors indicatedby the
differencesin the �ux estakenat equivalentditherpositions.The�ux esaregreaterthanpredictedin thefaint
wingsof thePSF. This is dueto thehaloof scatteredlight not includedin theTiny Tim modelling,asdiscussed
above.

Figure7 showsthecentralslit �ux pro�le for 52x0.1again,modelledandobserved,in thecentralpanel.
Theadjacentpanelsshow the�ux pro�les for theintermediateandouterslit positionsin the5-stepobserving
pattern.Themodelledpro�les in theintermediateandouterpositionsdo not matchtheshapeof theobserved
pro�les, andgenerallyover-predictthe�ux. This is unexpected,sincedefocusor excessjitter in trackingwould
generallycausemore�ux thanpredictedto appearin theoffsetapertures.

Figure8 givesa comparisonof theobserved�ux pro�les for the52x0.1andthe52x0.1E1patternposi-
tions. The differencesbetweenthe aperturesaregenerallycomparableto the systematicdifferencesbetween
thedithersteps,indicatingthatthespectroscopicPSFis not signi�cantly positiondependent.

Figure 9 shows the PSFmodel predictionand the observed �ux along the centralslit (position 2 of
1,2,3) for the 52x0.2slit. Analogousto Figure6, the left column of plots shows the resultsfor the 52x0.2
observations(centeredon thedetector),andtheright columnshowsthosefor the52x0.2E1observations(high
on thedetector).Thethreerows of plotsshow differentrangesin intensityanddistancealongtheslit. As was
thecasefor thenarrower slit, themodelsarea goodmatchto theobserved�ux to about0.15arcsecfrom the
center. The�ux esaregreaterthanpredictedin thefaint wingsof thePSF, againdueto thescatteredlight halo.

Figure10 shows the centralslit pro�le for 52x0.2again,modelledandobserved, in the centralpanel.
Theadjacentpanelsshow thepro�les for theouterslit positionsin the3-stepobservingpattern.Themodelled
pro�les in theouterpositionsover-predictthe�ux by a factorof about5 at thepeak.Themodelpredictionsare
sensitiveto thepositionandstructureof the�rst Airy ring, ascanbeseenin Figures2 and3.

Figure 11 gives a comparisonof the observed �ux pro�les for the 52x0.2 and the 52x0.2E1pattern
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Figure 6: Observed �ux along the slit (error barsor +) andPSFmodelprediction(squares)for the 52x0.1
aperture(left) andthe 52x0.1E1aperture(right) centeredon the star. Threerangesin distancealongthe slit
(arcsec)andin �ux (normalizedasdescribedin thetext) areshown.
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Figure 7: Observedpro�les (errorbars)andmodelledpro�les (squares)of �ux alongtheslit for eachof the5
placementsof the52x0.1aperture.Flux is relative to thegreatestmodel�ux for thetarget-centeredplacement
(position3).
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Figure8: Observedpro�les of �ux alongtheslit for eachof the5 placementsof the52x0.1aperture(diamonds)
and the 52x0.1E1aperture(+). Flux is relative to the greatestmodel �ux for the target-centeredplacement
(position3).
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Figure 9: Observed �ux along the slit (error barsor +) andPSFmodelprediction(squares)for the 52x0.2
aperture(left) andthe 52x0.2E1aperture(right) centeredon the star. Threerangesin distancealongthe slit
(arcsec)andin �ux (normalizedasdescribedin thetext) areshown.
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Figure10: Observedpro�les (errorbars)andmodelledpro�les (squares)of �ux alongtheslit for eachof the3
placementsof the52x0.2aperture.Flux is relative to thegreatestmodel�ux for thetarget-centeredplacement
(position2).
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Figure 11: Observed pro�les of �ux alongthe slit for eachof the 3 placementsof the 52x0.2aperture(di-
amonds)and the 52x0.2E1aperture(+). Flux is relative to the greatestmodel �ux for the target-centered
placement(position2).
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positions.As for thenarrower slit, thedifferencesarefairly modest,exceptwherethesystematicerrorsin the
dataarelarge.

To examinethesymmetryof theobserved�ux distributions,the�ux alongthecolumnin eachobserving
positionwassummedover a lengthequalto theslitwidth, combiningthedithersteps.Thesummed�ux escan
thenbedisplayedin a5x5patternof 0.1”x0.1” blocksfor the52x0.1aperture,andin a3x3patternof 0.2”x0.2”
blocksfor the52x0.2aperture.The Tiny Tim model�ux eswerehandledin a similar way, combining�ux es
from thePSFscorrespondingto theditherstepsandblockingthemover theappropriatedimensions,modifying
theslit width to takeinto accountthenarrower PSFprior to theLyot stop. Theresultsareshown in Tables1
and2 for the52x0.1and52x0.2apertures,respectively, with theslits displayedin theorderthatthey wouldbe
placedleft to right onaSTISimageof thestar. The�ux esin eachblockhavebeennormalizedby the�ux in the
centralblock. Thetablesshow theobserved�ux es,themodelled�ux es,andtheratio of modelledto observed
�ux.

Table 1: Fluxessummedover blocksof slitwidth*slitwidth for aperture52x0.1:
observed(top),model(center),ratio of modelto observed(bottom)

x slit 5 slit 4 slit 3 slit 2 slit 1
+0 :2" 0.0012 0.0047 0.0186 0.0025 0.0013
+0 :1" 0.0024 0.0566 0.1652 0.0229 0.0033

0:0" 0.0022 0.0853 1.0000 0.0701 0.0048
� 0:1" 0.0028 0.0418 0.1492 0.0147 0.0036
� 0:2" 0.0020 0.0030 0.0245 0.0027 0.0020
+0 :2" 0.0039 0.0043 0.0067 0.0062 0.0049
+0 :1" 0.0063 0.0812 0.1343 0.0611 0.0069

0:0" 0.0060 0.1050 1.0000 0.0879 0.0065
� 0:1" 0.0029 0.0568 0.1820 0.0434 0.0028
� 0:2" 0.0019 0.0048 0.0128 0.0041 0.0042
+0 :2" 3.21 0.92 0.36 2.49 3.80
+0 :1" 2.63 1.43 0.81 2.67 2.10

0:0" 2.72 1.23 1.00 1.25 1.36
� 0:1" 1.02 1.36 1.22 2.95 0.77
� 0:2" 0.97 1.59 0.52 1.50 2.09

Table 2: Fluxessummedover blocksof slitwidth*slitwidth for aperture52x0.2:
observed(top),model(center),ratio of modelto observed(bottom)

x slit 3 slit 2 slit 1
+0 :2" 0.0043 0.0753 0.0068

0:0" 0.0148 1.0000 0.0140
� 0:2" 0.0067 0.0927 0.0069
+0 :2" 0.0120 0.0445 0.0136

0:0" 0.0457 1.0000 0.0398
� 0:2" 0.0076 0.0819 0.0101
+0 :2" 2.78 0.59 2.01

0:0" 3.09 1.00 2.84
� 0:2" 1.14 0.88 1.47
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The modelled�ux distributionsaresomewhatasymmetric,with �ux droppingoff from thepeakfaster
in a stepperpendicularto the slit than in a comparablestepalong the slit. Someasymmetryis to be ex-
pectedbecauseof the azimuthalstructurein the Airy rings, andbecauseof the effectively onedimensional
natureof the charge diffusion. Using Tables1 and 2, the asymmetrycan be quanti�ed by taking the ratio
of the blocked�ux es adjacentto the centralblock in the spatialdirection to the blocked�ux esadjacentto
thecentralblock in thedispersiondirection. Theasymmetryratiosof thespectroscopicTiny Tim modelsare
thus(0.182+0.134)/(0.105+0.088) = 1.6for the52x0.1apertureand(0.082+0.045)/(0.046+0.040)= 1.5for the
52x0.2aperture.Beforecharge diffusion is applied,the asymmetryratio is 1.4 for both apertures,indicating
that theasymmetryin the modelsis dominatedby the structurein the Airy rings. As expectedfrom Figures
7 and10, theobserved�ux distributionsaremuchmoreasymmetricthanthemodelledones,with even lower
�ux esin theoffsetslits. Theobservedasymmetryratiosare2.0 for the52x0.1apertureand5.8 for the52x0.2
aperture.

As seenin Figure2, the�rst Airy dominatesthe�ux in the52x0.1slit at offsetsof oneslitwidth. In this
�gure andin the�ux modelling,theslit hasbeenbroadenedby 10%to compensatefor the10%broadeningof
thePSFdownstreamby theLyot stop.A minorerrorin thebroadeningfactorwouldnotappreciablychangethe
contribution of theAiry ring to theoffsetslits. A broadeningof 30%wouldberequiredto makethemodelled
asymmetryfactor matchthe observed onefor this slit. The HST PSFat the slit cannotbe asnarrow asthat
would imply, souncertaintyin thebroadeningof thePSFby theLyot stopcannotaccountfor thediscrepancies
betweentheobservedandmodelled�ux es.

For the STIS CCD detector, Tiny Tim parameterswere derived for imagestakenwith a clear aper-
ture,a broadband�lter , andtwo narrowband�lters. Imagesmadewith thenarrowband�lters, F28X50OIIat
3737 	A andF28X50OIII at 5006 	A, provide a goodcheckof the modelat thosewavelengths.For 3x3 pixel
blocking (0.15”x0.15”), theF28X50OIII Tiny Tim PSFandthe imageof a starwell-centeredon a pixel (ex-
posureo3zf02010of Feige34), both have asymmetryratiosof 0.94. The model is lesswell constrainedat
longerwavelengths,sincewavelength-dependentPSFsweightedby thesourcespectrumareblendedtogether
in broadbandimages.An alternative approachwasthereforeusedto checkthe consistency of imagingPSFs
andspectroscopicPSFs.Severalcolumnsin theG750Lspectroscopicimageswereusedto examinethewave-
lengthdependenceof thex-y asymmetry, to seeif thespectroscopicPSFasymmetrydiminishedtowardshorter
wavelengths,approachingthesymmetryfoundfor imagingat 5006 	A. This wasnot thecase.Similar degrees
of asymmetrywerefoundfor the observedspectroscopicPSFfrom 5500to 7750 	A, greaterin all casesthan
theasymmetryof themodelledspectroscopicPSF. Theobservedandmodelledasymmetryratiosaregivenfor
aseriesof wavelengthsin Table3. If therewereachangein theastigmatismof thePSFlongwardof 5000 	A, it
wouldhave to beratherabrupt,andwouldhave to besimilarat two widely separatedpositionsonthedetector,
giventhesimilarity of thespectroscopicpro�les at6600 	A for theregularandE1 apertures.

Table3: X-Y asymmetryratiosof thespectroscopicPSFasa functionof wavelength
CCD wavelength 52x0.1 52x0.1 52x0.2 52x0.2

column ( 	A) data model data model
50 5490 2.4 1.5 4.5 1.8
170 6070 2.1 1.6 5.8 1.7
277 6600 2.0 1.6 5.8 1.5
450 7440 2.1 1.5 4.8 1.3
512 7745 2.1 1.5 4.3 1.2

An assumptionof the modelling is that the summationof the observed �ux es in the � ve contiguous
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positioningsof the52x0.1slit shouldequalthe�ux observedin the52x0.5slit. Thesummationof theobserved
�ux es in the threecontiguouspositioningsof the 52x0.2slit shouldbe similar to the �ux in the 52x0.5slit,
sincethe �ux at the outeredgesof the 52x0.5slit is small. The 52x0.5slit wasnot usedin program9610,
but thesamestarwasobservedwith the52x0.5E1aperturein program8929oneyearearlier. Thepro�les of
the 6600 	A �ux along the slit areshown in Figure12 for the summed52x0.1E1observations,the summed
52x0.2E1observations,andthesingle52x0.5E1observation. Fluxesfrom ditherpositionsseparatedby half a
pixel alongtheslit areshown for the summedobservations;the 52x0.5E1observationwasnot dithered.The
summed52x0.2E1�ux esnearlyequalthe 52x0.5E1�ux es,but the summed52x0.1E1�ux esarenoticeably
lower. Using the ditherpositionsthat mostcloselymatchthe 52x0.5E1observationandsummingthe �ux es
over 7 pixels(0.35arcsec)alongtheslit, thesummed52x0.1E1�ux andsummed52x0.2E1�ux are83%and
98.5%of the52x0.5E1�ux, respectively. Theerrorsin each7-pixel �ux are0.5%or less,asdeterminedby the
actualdifferencesin the �ux esproducedby dithering(i.e., not just thestatisticalerrors). Thereis no 52x0.5
apertureobservationof thisstarat thecenterof thedetector, but thesummed52x0.1aperture�ux is lowerthan
thesummed52x0.2aperture�ux (88%asmuch�ux over0.35arcsecalongtheslit), similar to theresultfor the
E1 apertures.Thepro�les for thesummed52x0.1�ux esandthesummed52x0.2�ux esareshown in Figure
13. Thereasonfor this repeatablediscrepancy is notapparent.As discussedearlier, thechangesin focusdueto
breathingwereinsigni�cant duringtheseobservations,andpointingerrorsweresmall.Theslit sizeshavebeen
well measured(Bohlin andHartig1998)andthesteppingpatternsshouldhaveprovidedverynearlycontiguous
placementsof the slits. Temperature-dependentandtime-dependentsensitivity changesfor this gratingand
time spanarenegligible (Styset al. 2004).A remainingpossibilityis thattheempiricaltreatmentof theeffect
of theLyot stopon theslittedPSFmaybeinadequate.

Comparison of G750M to G750L

TheG750Mmode,unlike theG750Lmode,doesnot includeaLyot stopin its opticalpath,andthereforehasa
narrowerPSFat thedetector. Datafrom otherHSTprogramshavebeenusedto makeadetailedcomparisonof
thePSFsat6600 	A in thesemodes.For G750M,asinglespectralimageis suf�cient toproducea�nely sampled
PSFbecausethespectraltracedropsby 7 rowsasit crossesthedetector. Thefractionalpixel dropsin thetrace
from onecolumnto the next in an �t or crj imagecanbe treatedasa seriesof microdithers. The observed
PSFis producedby normalizingout thestellarspectrumandcenteringthe �ux pro�le in eachcolumnon the
trace.A bandof many columnscanbeusedto samplethePSFbecauseit doesnot measurablychangeacross
thisshortspanof wavelengths.A well exposedimageof thecalibrationstandardstarBD+75D325(o4a505050
from program7656)takenwith the52X2 aperturewasusedto producetheG750MPSF.

Thesametechniquecannotbe usedfor G750Lbecausethe traceis nearly�at acrossthedetector, pro-
ducinginsuf�cient ”microdithering” of the columnsin oneimage. In this case,the slight randomnessin the
placementof thespectrumon thedetector(within a few rows) canbetreatedasa dither for a sampleof many
exposures.The �ux pro�le from a singlecolumnin eachimage,centeredaccordingto its placementon the
detector, canbeusedto measurethePSFatagivenwavelength.Well-exposedimagesof thestarAGK+81D266
from theSTISsensitivity monitorprograms(7672,8418,8856,8914,9627,10030)wereusedto producethe
52X2 G750LPSF.

A comparisonof theobserved52X2 6600 	A PSFsfor G750MandG750L is shown in Figure14. The
pro�les expectedfrom Tiny Tim modellingarealsoshown. Themodelfor G750Mis basedonanimagingPSF
for which the Lyot stopwaseffectively removed by settingits radiusto a large valuein the Tiny Tim input
�le. The52X2 slit includesvirtually all of the incidentPSF, soadjustmentof theslitwidth to compensatefor
PSF-broadeningby theLyot stopis inconsequentialfor theG750Lmodellingin this case,andno information
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Figure 12: Observed spectroscopicPSFs: summationof �ux es in 5 contiguouspositioningsof aperture
52x0.1E1(+), summationof �ux es in 3 contiguouspositioningsof aperture52x0.2E1(square),and �ux in
a singleposition of aperture52x0.5E1(*). Fluxesare in electrons/sec;distancealong the slit is in arcsec,
adjustedto centereachpro�le at0.

Figure13: ObservedspectroscopicPSFs:summationof �ux esin 5 contiguouspositioningsof aperture52x0.1
(+) andsummationof �ux es in 3 contiguouspositioningsof aperture52x0.2(square)with the target at the
centerof thedetector. Fluxesarein electrons/sec;distancealongtheslit is in arcsec,adjustedto centereach
pro�le at0.
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Figure 14: 6600 	A PSFsfor 52X2G750L(data:diamonds,model:solid line) andG750M(data:dots,model:
dashedline).

is gainedfrom thedataon thestructureof thespectroscopicPSFin thedispersiondirection.Theeffect of the
Lyot stoponthePSFin thecross-dispersiondirectionis clearlyseenin thedata,andthemodellingshowsgood
consistency with thedatafor bothgratings.ThemostconspicuousdifferencebetweentheG750LandG750M
pro�les is thebroader”shoulders”of theG750LPSF. Thecoarsesamplingby pixelsandthechargediffusion
on thedetectorcanobscurethesourceof thedifference,asseenin Figure4. Figure1 indicatesthatthesource
of thedifferencein themodellingis anoverall expansionof thePSFby theLyot stop,ratherthanan increase
of the �ux in the �rst Airy ring relative to the �ux in the Airy disk. In any case,row-to-row contamination
of spectralfeaturesis somewhat lessfor G750M,andcontaminationof offsetaperturesby a bright out-of-slit
sourceis alsoexpectedto beless.

Conclusions

I have comparedTiny Tim modelpredictionsandG750L �ux pro�les at 6600 	A for a starcenteredin a slit
(52x0.1,52x0.1E1,52x0.2,or 52x0.2E1)andmoved out of the slit by oneor two slit widths. The model
under-predictsthe �ux in the centeredslit at distancesgreaterthan0.2 arcsecfrom the target, whereit does
not fully accountfor scatteredanddiffractedlight. It over-predictsthe �ux in the offsetpositions,even after
an empiricaladjustmentof theslit width to compensatefor the broadeningof thePSFby theLyot stop. The
observedspatialdistributionof monochromatic�ux generatedby thesteppingpatternsis asymmetric,moreso
thanexpectedfrom theazimuthalstructurein theAiry ringsin theTiny Tim model.Nearlythesamedegreeof
asymmetryis observedfrom 5500to 7750 	A. Thisasymmetryis notobservedin directnarrow-bandimagingat
5006 	A, which is alsoaffectedby aLyot stop;this implicatestheroleof theslit in producingtheasymmetry. A
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discrepancy betweenthesummationof �ux esin a narrow aperturesteppedacrossastarandthe�ux in a single
broadaperturecenteredon thestarsuggeststhat theempiricaltreatmentof the effect of theLyot stopon the
slittedPSFmaybeinadequate.

TheG750MgratingdoesnothaveaLyot stop,andthereforehasanarrowerPSFthantheG750Lgrating
atagivenwavelength.TheobservedPSFsfor thesetwogratingsaredifferentlyshapedbecauseof thecombined
effectsof broadeningby theLyot stop,undersamplingby pixels,andchargediffusionon theCCD.For a broad
slit centeredonthestar, Tiny Tim modellingreproducestheobservedspectroscopicPSFwell for bothgratings.
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