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Abstract. We have collectedtogethemary of the astronomicahpplications
developedasIRAF tasksat the SpaceTelescopdcuropearCoordinatingFacil-
ity (ST-ECF)into a new IRAF layeredpackagecalled “stecf’. This package
containsseveral subpackagesOne containsa variety of imagerestorational-
gorithmsincludingmultiple channebndphotometriozariantsof theRichardson
Lucy method.In additionawholly newv packagg“impol”) for thereductionof
polarimetricimagingfrom HST (andground-basedhstrumentsjs madeavail-
able. Softwarefor the post-pipelingprocessinggf HST NICMOS data, with
particularemphasi®n the associatiorandpre-processingf imageso beused
for grism spectralextractionanda “quicklook” grism spectralextractiontool,
originally for HST STISdata,arealsoincluded.

1. Intr oduction

For mary yearsthe ST-ECF hasdevelopedIRAF tasksandpackaged$or HST andre-
lateddataanalysis. Up to now thesehave beendistributedin an ad hoc mannerand
supportedat variouslevels. To allow wider andmoreefficient distributionandto bring
all componentgo a uniform level of quality and documentatiorwe have decidedto
combinethesecomponentsnto a standard-formalRAF packageo be called“stecf’.

The “stecf” packagewill be madeavailableaspartof the next releaseof STSDAS as
well ason the IRAF archive site andits mirrors and from the ST-ECF Web pages.

This papergivesanoverview of thecontentf the packagesndexamplesof theiruse
alongwith pointersandlinks to furtherinformation. The brief descriptionerecover
an improved photometricrestorationmethod, grism reductionsoftwareand a grism
“quicklook” spectrumextractiontool aswell asa morecompletedescriptionof a nev
packagdor thereductionof imagingpolarimetrydata.Othertaskswill beaddedn the
future.

2. stecfcplucy— EnhancedTwo-channelPhotometric Restoration

To addresghe problemof point-sourcephotometryin restoredimagesLucy (1994)
suggested two-channephotometricrestoratiormethodin which the pointsarerep-
resentecasd—functionsin onechanneklndthe backgroundgconstrainedo be smooth
by an additionalentropyconstraint,in the othet This methodwasimplementedand
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Figurel. An exampleof the applicationof CPLUCY. The imageat the
left is asimulatedHST/NICMOSimagewith bright point-sourceandstruc-
turedbackground.The starsare at randomsub-pixel positions. The centre
imageshows the true backgroundntensity distribution andon the right the
CPLUCY reconstructetbackgrouncchanneis shawvn.

madeavailableasPLUCY in the stsdas.contribpackage PLUCY hasthe significant
disadwantagehatthe starswereforcedto be atthe centresof pixels. This led eitherto
artifactsdueto inexactalignmentr requiredtheuseof unreasonabliargesub-sampled
images.In thenew CPLUCY implementatiorthestarscanbeat arbitraryx, y sub-pixel
positionsbut the entropyconstrainton thebackgroundusedoy PLUCY, is retained A
superiomew approacho this problem(GIRA, Pirzkaletal. 2000)is beingdeveloped
andCPLUCY may beviewedasanintermediatecode. Figurel shavs an exampleof
theapplicationof CPLUCY to asimulatedHST/NICMOSimage.

3. stecfnictools— NICMOS GRISM Tools

The stecfnictoolspackagé is a collection of IRAF ¢l scriptsto group, processand
co-addNICMOS direct and grism images. It waswritten to help the processingf
NICMOS grismimagesafterthey have beencalibratedwvith theSTSclpipelinecalnica
andbefole spectraareextractedwith the ST-ECF softwareNICMOSIookor calnicc. It
is alsousefulfor simpleco-adding(shift andadd)of directimages.

4. stecfslitless—a SlitlessSpectroscopyQuick-look Tool

Slitlessis anIRAF taskoriginally writtento allow the“quicklook” extractionof spectra
from STIS direct/grismHST imagepairs. It allows a userto performunweightechon-
flatfieldedextractionandwavelengthcalibrationwith a minimum of userinteraction:
specificobjectsor a region of interestare selectedn the directimage, andthe task
automaticallycomputesand selects basedon the cameraand grism modesthat were
used,the appropriatesectionto extract from the associatedjrism image. The level
of backgroundo subtractat eachwavelengthcan be determinednteractiely or by
usingsomepresetgrismregionsnearthe spectrum.Optionally, a DataQuality image
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Figure2.  An exampleof theoutputfrom stecfimpolshaving polarization
vectorsplottedon an HST WFPC2F673Nffilter imageof the Homunculus
netula surrounding) Carinee.

extensioncanbe usedto avoid extractingflaggedpixels. Slitlessis configuredto work
primarily with the STISG750Lgrismmode,but moremodescanbedefinedby theuser
usingasimplegrismdispersiorconfiguratiorfile.

5. stecfimpol-an IRAF Imaging Polarimetry ReductionPackage

The impol packageconsistsof five tasksto reduce,simulateand plot imaginglinear
polarimetrydatatakenwith the HST instrumentswith polarizingfacilities - currently
FOC,NICMOS andWFPC2.Thetasksarewrittento requireminimumuserinteraction
sothatspecialisknowledgeis notrequiredto producescientificallyusefulpolarization
results.Startingfrom well-alignedinputimagesalongwith statisticalerrormaps,im-

agesof thetotal signal(Stokegparametel), thenormalizedStokesparameter€/1 and
U/l, thelinearpolarizatiorandpositionangleof the E vectorandtheirpropagate@rrors
areproduced.

5.1. stecfimpol-Features

e All theinstrumentaket-up,suchasfilters, polarizers,rotationangles.etc. are
readfrom theimageheaders.

e Mary inputimages3 < N < 64) canbeprocessed.

e HSTinstruments=OC, NICMOS andWFPC2arehandled, ACSwill beadded
in thenearfuture.

e Datafrom non-HSTinstrumentswith polarizationanalyzerscan be addedby
includingatablefile listing theinstrumentpolarizationproperties.

e Outputimagescan be rebinnedto increasethe polarizationsignal-to-noiseper
outputpixel.



e Polarizatiorvectormapscanbeflexibly plottedwith userchoiceof vectorsize,
densityof vectorsandrangeof plottedmagnitudesMapscanbe overplottedon
imagesusingstandardRAF facilities.

e Outputerrorimageshave fully propagatedtatisticalerrorsfrom theinput error
images.Thebiasonthepolarizatiorvaluedfor largefractionalpolarizatiorerrors
is corrected.

5.2. stecfimpol-PackageTasks

hstpolima: Reducdinear polarizationdatafor HST instrumentgcurrentlyFOC,NIC-
MOS andWFPC2aresupported).A setof well-alignedinputimagesis requiredand
thecorrespondingtatisticalerrorimages.Imagedor thethreeStokesparametersl,Q
andU), thelinearpolarizationandpositionangleandtheir errorimagesareoutput.
hstpolpoints: Reducdinearpolarizationdatafor HST instrumentgor a setof circular
apertures. From a setof input imagesand the error frames, the linear polarization
results(anderrors)arereturnedasan STSDAS table.

hstpolsim: Producesimulatedpolarizationinputdataframesfor HSTinstrumentgrom
imagesof thetotal signal,the linear polarizationandthe positionangleof the polariz-
ationvectors.The outputimagescanhave noiseadded.Imagesof the statisticalerrors
arealsoproducedor full compatibilitywith theinputrequiredby hstpolima.
polimodel: Producemodellinear polarizationandpositionangleimagesgivena total
signalimage. The polarizationvariationis specifiedby a power law andthe position
anglesareorientedatright anglego thedirectionto thecentre. Randonmoisevariations
in polarizationandpositionanglecanalsobeincluded.

polimplot: Plot a polarizationvector map with flexible control over vectorsand la-
beling. Linear polarizationandpositionangleimagesarerequired.A vectormapcan
beover-plottedonthetotal signalimage.Figure2 shovs anexample.

Thereis aweb pagé briefly describingthe packageandgiving examplepolariz-
ationmapsfor HST andmodeldata. A directoryof demosis alsoavailableallowing
simulateddatawith FOC,NICMOS andWFPC2andanon-HSTinstrumento be pro-
ducedfor amodelbipolarreflectionnehula.
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