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1 Intr oduction

1.1 Purpose

TheSINFONI pipelineis a subsystemof theVLT Data Flow System(DFS).Its targetuseris ESOData Flow
Operations (DFO) in the generationof mastercalibrationdata,in the reductionof scienti�c exposures,and
in the dataquality control. It shouldalsoserve asa quick look tool for Paranal ScienceOperations (PSO).
Additionally, theSINFONIpipelinerecipesaremadepublicto theusercommunity, to allow amorepersonalised
processingof thedatafrom theinstrument.Thepurposeof thisdocumentis to describea typicalSINFONIdata
reductionsequencewith theSINFONIpipeline.

This manualis acompletedescriptionof thedatareductionrecipesimplementedby thetheSINFONI pipeline,
re�ecting thestatusof theSINFONIpipelineasof Oct19,2005(version1.2.0).

1.2 Acknowledgements

TheSINFONIpipelineis basedon theSPIFFIDataReductionSoftwaredevelopedby theMax-Planck-Institut
für extraterrestrischePhysik(MPE).Wewouldliketo thanktheSPIFFIteamfor providing ESOwith acomplete
andef�cient datareductionsoftwareandfor their help in documenting,testing,debuggingtherecipesandthe
pipeline during several commissioningand scienceveri�cations phases.We are particularlygrateful to the
MPE responsiblesfor the datareduction: JurgenSchreiber, Matthew Horrobin andRobertoAbuter for their
contributionsandsupport.

Release1.2.0bene�tedfrom thefeedbackprovidedby theSINFONISV teamandSINFONI instrumentopera-
tions team. In particularwe would like to thankWolfgangHummelandJuhaRunanenfor extensively testing
andimproving thepipelineanddocumentation,aswell asJochenLiske for proof readingthemanual.

1.3 Scope

ThisdocumentdescribestheSINFONIpipelineusedatESO-GarchingandESO-Paranalfor thepurposeof data
assessmentanddataqualitycontrol.

Updatedversionsof the presentdocumentmay be found on [1]. For generalinformationaboutthe current
instrumentpipelinesstatusweremindtheuserof [2]. Qualitycontrolinformationareat [3].

AdditionalinformationonQFITS,theCommonPipelineLibrary (CPL)andESOREXcanbefoundrespectively
at [4], [5], [6]. TheGasganotool is describedin [14]. A descriptionof theinstrumentis in [7]. TheSINFONI
instrumentusermanualis in [8] while resultsof ScienceVeri�cations (SV) areat [9].
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1.4 Referencedocuments
�����

SINFONIPipelineUsers'Manual VLT-MAN-ESO-19500-3600
http://www.eso.org/projects/dfs/dfs-shared/web/vlt/vlt-instrument-pipelines.html

�����

Currentpipelinestatus
http://www.eso.org/observing/dfo/quality/pipeline-status.html

�����

ESO-DataFlow Operationhomepage http://www.eso.org/observing/dfo/quality/
� 	
�

QFITShomepage http://www.eso.org/projects/aot/q�ts/
�����

CPLhomepage http://www.eso.org/cpl
�����

ESOREXhomepage http://www.eso.org/cpl/esorex.html
��
��

SINFONIhomepage http://www.eso.org/instruments/sinfoni/
�����

VLT SINFONIUserManual VLT-MAN-ESO-14700-3517
http://www.eso.org/instruments/sinfoni/usermanual.html

�����

SINFONISV homepage http://www.eso.org/science/vltsv/sinfonisv/
�������

VLT DataFlow SystemSpeci�cationsfor PipelineandQualityControl
VLT-SPE-ESO-19600-1233

�������

DFSPipeline& QualityControl– UserManual VLT-MAN-ESO-19500-1619
�������

ESODICB – DataInterfaceControlDocument GEN-SPE-ESO-00000-0794
�������

CommonPipelineLibrary UserManual VLT-MAN-ESO-19500-2720
����	
�

GasganoUser's Manual VLT-PRO-ESO-19000-1932
�������

SINFONICalibrationPlan VLT-PLA-ESO-14700-2617



ESO SINFONI PipelineUserManual
Doc: VLT-MAN-ESO-19500-3600
Issue: Issue1.0
Date: Date2005-10-19
Page: 13 of 88

2 Overview

In collaborationwith instrumentconsortia,the DataFlow SystemsDepartment(DFS) of the DataManage-
mentandOperationDivision is implementingdatareductionpipelinesfor themostcommonlyusedVLT/VLTI
instrumentmodes.Thesedatareductionpipelineshave thefollowing threemainpurposes:

Data quality control: pipelinesareusedto producethequantitative informationnecessaryto monitor instru-
mentperformance.

Master calibration product creation: pipelinesareusedto producemastercalibrationproducts(e.g., com-
binedbiasframes,super-�ats, wavelengthdispersionsolutions).

Scienceproduct creation: usingpipeline-generatedmastercalibrationproducts,scienceproductsareproduced
for thesupportedinstrumentmodes(e.g., combinedISAAC jitter stacks;bias-corrected,�at-�elded FORS
images,wavelength-calibratedUVES spectra).The accuracy of the scienceproductsis limited by the
qualityof theavailablemastercalibrationproductsandby thealgorithmicimplementationof thepipelines
themselves. In particular, adoptedautomaticreductionstrategiesmay not be suitableor optimal for all
scienti�c goals.

Instrumentpipelinesconsistof asetof dataprocessingmodulesthatcanbecalledfrom thecommandline, from
theautomaticdatamanagementtoolsavailableon Paranalor from Gasgano.

ESOofferstwo front-endapplicationsfor launchingpipelinerecipes,Gasgano[14] and EsoRex, bothincluded
in thepipelinedistribution (seeAppendixA, page85). Theseapplicationscanalsobedownloadedseparately
from http://www.eso .o rg /ga sg ano and http://www.eso .o rg/ cp l/ es or ex. ht ml . An il-
lustratedintroductionto Gasganois providedin the"Quick Start"Sectionof thismanual(seepage16).

TheSINFONI instrumentandthedifferenttypesof SINFONI raw framesandauxilliary dataaredescribedin
Sections3, 6, and7.

A brief introductionto the usageof the available reductionrecipesusing Gasganoor EsoRex is presented
in Section4. In section5 we advicethe useraboutknown datareductionproblemsproviding alsopossible
solutions.

An overview of thedatareduction,whatarethe input data,andtherecipesinvolved in thecalibrationcascade
is providedin section8.

More detailson what areinputs,products,quality controlmeasuredquantities,andcontrollingparametersof
eachrecipeis givenin section9.

Moredetaileddescriptionsof thedatareductionalgorithmsusedby theindividualpipelinerecipescanbefound
in Section10.

In AppendixA the installationof theSINFONI pipelinerecipesis describedandin AppendixB a list of used
abbreviationsandacronymsis given.
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3 SINFONI Instrument Description

SINFONI hasbeendevelopedby ESO and the Max-Planck-Institutfür extraterrestrischePhysik (MPE) in
Garching.

Theinstrumenthasbeenmadeavailableto thecommunityandstartedoperationsin ParanalonApril
�����

, 2005.

In thischaptera brief descriptionof theSINFONI instrumentis given.A morecompletedocumentationcanbe
foundin theSINFONIUserManual,downloadablefrom http://www.eso .o rg /in st ru ment s/s in fo ni /

3.1 Instrument overview

SINFONI is anear-infrared(1.05- 2.45 � m) integral �eld spectrograph(SPIFFI,developedby MPE) fedby an
adaptive opticsmodule(MACAO, developedby ESO,moredetailsaregivenin [11]) .

Figure3.1.0:An insideview of SPIFFI:Thecryostatcover andthereinforcingstructurehave beenremovedto
provide a freeview on the opto-mechanicalcomponentsof SPIFFI.The light entersfrom the top, andpasses
the sky-spider. The pre-opticswith a �lter -wheel and interchangeablelensesprovides threedifferent image
scales.The imageslicer re-arrangesthe two-dimensional�eld into a pseudo-longslit, which is perpendicular
to the baseplate. Threediamondturnedmirrors collimatethe light onto the gratings. In total, four gratings
areimplementedon thegratingdrive. A multiple-lenssystemthenfocusesthespectraon a RockwellHAWAII
array. Thediameterof theinstrumentis 1.3m.

Thespectrographoperateswith 4 gratings(J, H, K, H+K) providing a spectralresolutionaround2000,3000,
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4000 in J, H, K, respectively, and 1500 in H+K - eachwavelengthband�tting fully on the 2048 pixels of
theHawaii 2RG(2kx2k) detectorin thedispersiondirection. TheSINFONI �eld of view on thesky is sliced
into 32 slices.Pre-opticsallow to chosethewidth of theslices.Thechoicesare250mas,100masand25mas,
leadingto �eld of views on the sky of 8"x8", 3"x3", or 0.8"x0.8" respectively. On raw frameseachpixel
imagesa rectangularregion on thesky (125x250,50x100,or 12.5x25mas).EachSINFONI FOV imageslice
correspondsto a socalleddetectorslitlet. Eachoneof the32 slitlets is imagedonto64 pixelsof thedetector.
Thusoneobtains32x64spectraof theimagedregionon thesky.

Figure3.1.0: SPIFFIimageslicer(top): Thelight entersthroughtheholein thebig slicer. A stackof 32 small
mirrors, thesmall slicer (alsoshown in thesub-panel),slicesthe imageandredirectsthe light towardsthe32
mirrorsof thebig slicer, whichre-arrangestheslitletsinto a31cmlongpseudo-slit.(bottom).Thelayoutof the
slitletson a raw SPIFFIframe.
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4 Quick start

Thissectiondescribesthemostimmediateusageof theSINFONIpipelinerecipes.

4.1 SINFONI pipeline recipes

ThecurrentSINFONIpipelineis basedonasetof 8 stand-alonerecipesinvolvedin thedatareductioncascade:

si_rec_detlinto evaluatethedetectornonlinearityandgenerateacorrespondingnonlinearpixel map.

si_rec_mdark to createamasterdarkandahot-pixel map.

si_rec_m�at to createa master�at andamapof pixelswhichhave intensitiesgreaterthanagiventhreshold.

si_rec_distortion to computetheopticaldistortionsandslitletsdistances.

si_rec_wavecal for wavelengthcalibration.

si_rec_psffor PSFstandarddatareduction.

si_rec_stdstarfor STDstandarddatareduction.

si_rec_objnodfor sciencestandarddatareduction.

Additional8 stand-alonerecipesarealsoprovided,thatperformusefultasks:

si_utl_skymap to �ag sky linesasbadpixels in a “sky map” (for Paranaloperations,to prepareinput dataof
theSINFONIRealTimeDisplay).

si_utl_bp_mask_addto coaddbadpixel maps.

si_utl_ima_arith to do imagearithmetics.

si_utl_cube2imato collapseacubeto animageover agivenwavelengthrange.

si_utl_cube2spectrumto extractaspectrumfrom a cube.

si_utl_cube_arith to performcubearithmetics.

si_utl_spectrum_divide_by_blackbodyto divide aspectrumby a blackbodyspectrum.

si_utl_spectrum_wavelegth_shift to shift in wavelengthaspectrum.
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4.2 An intr oduction to Gasganoand EsoRex

Beforebeingableto call pipelinerecipesonasetof data,thedatamustbeopportunelyclassi�ed,andassociated
with theappropriatecalibrations.The Data Classi�cation consistsof taskssuchas: "What kind of dataam
I?", e.g., BIAS, "to which group do I belong?",e.g., to a particularObservation Block or template. Data
Association is the processof selectingappropriatecalibrationdatafor the reductionof a setof raw science
frames.Typically, asetof framescanbeassociatedif they shareanumberof properties,suchasinstrumentand
detectorcon�guration. As all the requiredinformationis storedin theFITS headers,dataassociationis based
on asetof keywords(called"associationkeywords")andis speci�c to eachtypeof calibration.

Theprocessof dataclassi�cationandassociationis known asdataorganisation.

An instrumentpipeline consistsof a set of dataprocessingmodulesthat can be called from different host
applications,eitherfrom thecommandline with Esorex, from theautomaticdatamanagementtoolsavailable
atParanal,or from thegraphical Gasganotool.

Gasganois a datamanagementtool thatsimpli�es thedataorganisationprocess,offering automaticdataclas-
si�cation andmakingthedataassociationeasier(evenif automaticassociationof framesis not yetprovided).
Gasganodeterminestheclassi�cationof a �le by applyingan instrumentspeci�c rule, while usersmustpro-
vide this informationto therecipeswhenthey areexecutedmanuallyusing Esorex from thecommandline. In
addition, Gasganoallows theuserto executedirectly thepipelinerecipeson asetof selected�les.

4.2.1 UsingGasgano

To get familiar with the SINFONI pipeline recipesand their usage,it is advisableto begin with Gasgano,
becauseit providesa completegraphicinterfacefor databrowsing, classi�cationandassociation,andoffers
severalotherutilities suchaseasyaccessto recipesdocumentationandpreferreddatadisplaytools.

Gasganocanbestartedfrom thesystempromptin thefollowing way:

gasgano &

The Gasganomainwindow will appear. On Figure4.2.1(next page),a view on a setof SINFONI IFU data
is shown asanexample. Gasganocanbepointedto thedirectorieswherethedatato behandledarelocated
usingthenavigationpanelsaccessiblevia the Add/RemoveFiles entryof the File menu(shown on theupper
left of the�gure).

Thedataarehierarchicallyorganisedaspreferredby theuser. After each�le nameareshown theclassi�cation,
theinstrumentsetupid (whichindicatestheband),theinstrumentpre-optic(whichindicatesthecamerasetting),
thetemplateexposurenumberandthenumberof exposuresin thetemplate,andthevalueof theDPR.TYPE.

More informationabouta singleframecanbe obtainedby clicking on its name:the correspondingFITS �le
headerwill bedisplayedonthebottompanel,wherespeci�c keywordscanbeopportunely�ltered andsearched.
Imagesandtablesmaybeeasilydisplayedusingtheviewersspeci�edin theappropriatePreferences�elds.

Framescanbeselectedfrom themainwindow for beingprocessedby theappropriaterecipe:on Figure4.2.2,
thestandardstarframeanda sky frame,alreadyproducedmasterbadpixel mapandmaster�at �eld frames,
togetherwith distortionandslitlet distancetables,andthe necessarystaticcalibrationtables,areall selected
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andsentto the si_rec_stdstarrecipe.This will opena Gasganorecipeexecutionwindow (seeFigure4.2.3),
having all thespeci�ed�les listedin its InputFramespanel.

Helpabouttherecipemaybeobtainedfrom the Help menu.Beforelaunchingtherecipe,its con�gurationmay
beopportunelymodi�ed on the Parameters panel(on top). Thewindow contentsmight besavedfor lateruse
by selectingthe SaveCurrentSettingsentryfrom the File menu,asshown in �gure.

At thispoint therecipecanbelaunchedby pressingthe Executebutton.Messagesfrom therunningrecipewill
appearon the Log Messagespanelat bottom,andin caseof successfulcompletiontheproductswill be listed
on the OutputFramespanel,wherethey canbeeasilyviewedandlocatedbackon theGasganomainwindow.

Pleasereferto the GasganoUser's Manual[7] for amorecompletedescriptionof the Gasganointerface.
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Figure4.2.1:TheGasganomainwindow.
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Figure4.2.2:Selecting�les to beprocessedbya SINFONIpipelinerecipe.
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Figure4.2.3:TheGasganorecipeexecutionwindow.
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4.2.2 UsingEsoRex

EsoRex is acommandline utility for runningpipelinerecipes.It maybeembeddedby usersinto datareduction
scriptsfor theautomationof processingtasks.Ontheotherside, EsoRex doesn't offer all thefacilitiesavailable
with Gasgano, andtheusermustclassifyandassociatethedatausingthe informationcontainedin theFITS
headerkeywords(seeSection6.2,page33). Theusershouldalsotake careof de�ning theinput set-of-frames
andtheappropriatecon�gurationparametersfor eachreciperun:

The set-of-frames: Eachpipelinerecipeis run on a setof input FITS data�les. Whenusing EsoRex the
�lenamesmustbelistedtogetherwith theirDO category 1 in anASCII �le, the set-of-frames(SOF),that
is requiredwhenlaunchinga recipe.2

Hereis anexampleof SOF, valid for the si_rec_wavecalrecipe3:

/file_path/SIN FO.2 004-0 8- 14T10: 20: 56.4 97.f its WAVE_LAMP
/file_path/SIN FO.2 004-0 8- 14T10: 22: 44.2 85.f its WAVE_LAMP
/file_path/xen on.t fi ts REF_LINE_ARC
/file_path/MAS TER_BP_MAP_H_250. fit s MASTER_BP_MAP
/file_path/MAS TER_LAMP_FLAT_H_250. fi ts MASTER_FLAT_LAMP
/file_path/DIS TORTIO N_H.f it s DISTORTION
/file_path/drs _s et up_wave .t fi ts DRS_SETUP_WAVE
/file_path/SLI T_POS_H_250.t fi ts SLIT_POS

It containsfor eachinput framethe full path �le nameand its DO category. The pipelinerecipewill
accessthelisted�les whenrequiredby thereductionalgorithm.

Note that the SINFONI pipeline recipesdo not verify in any way the correctnessof the classi�cation
tags speci�ed by the user in the SOF. In the above example, the recipe si_rec_wavecal will treat
theframe /file_path/SIN FO.20 04-0 8- 14T10:2 0: 56.4 97. fi ts asa WAVE_LAMP, the
frame /file_path/MAS TER_BP_MAP_H_250 .f it s asa MASTER_BP_MAP, etc.,even when
they do not containthis typeof data.Therecipewill alsoassumethatall framesareassociatedcorrectly,
i.e., that they all comefrom thesamebandandpre-optic,andthat theappropriatecalibration�les have
beenspeci�ed.

Thereasonof this lackof controlis thattheSINFONIrecipesarejust theDRScomponentof thecomplete
pipelinerunningonParanal,wherethetaskof dataclassi�cationandassociationis carriedoutby separate
applications. Moreover, using Gasgano as an interfaceto the pipeline recipeswill always ensurea
correctclassi�cationof all thedataframes,assigningtheappropriateDO category to eachoneof them
(seeSection4.2.1,page17).

A recipehandlinganincorrectSOFmaystopor displayunclearerrormessagesatbest.In theworstcases,
therecipewouldapparentlyrunwithoutany problem,producingresultsthatmaylook reasonable,but are
actually�a wed.

1TheindicatedDO category is a labelassignedto any datatypeafterit hasbeenclassi�ed,which is thenusedto identify theframes
listedin theset-of-frames

2Theset-of-framescorrespondsto the InputFramespanelof the Gasganorecipeexecutionwindow (seeFigure4.2.3,page21).
3We list the �le SLIT_POS_H_250.�tsas an input �le, as, for robustness,we suggestthe user to set the parameterslit-

pos_bootstrap_switchto FALSE. A differentsettingwouldallow to reducethedatawithout includingtheSLIT_POStable
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EsoRexsyntax: Thebasicsyntaxto useESOREXis thefollowing:

esorex [esorex_options]recipe_name[recipe_options]set_of_frames

To getmoreinformationon how to customiseESOREX(seealso[7]) run thecommand:

esorex - -help

To generatea con�guration�le esorex.rc in thedirectory$HOME/.esorex run thecommand:

esorex - -create-con�g

A list of all availablerecipes,eachwith aone-linedescription,canbeobtainedusingthecommand:

esorex - -recipes

All recipeparameters(aliases)andtheir default valuescanbedisplayedby thecommand

esorex - -paramsrecipe_name

To getabrief descriptionof eachparametermeaningexecutethecommand:

esorex - -help recipe_name

To getmoredetailsaboutthegivenrecipegive thecommandat theshellprompt:

esorex - -man-pagerecipe_name

Recipecon�guration: Eachpipeline recipemay be assignedan EsoRex con�guration �le, containingthe
default valuesof the parametersrelatedto that recipe.4 The con�guration �les arenormally generated
in the directory $HOME/.esorex , andhave the samenameasthe recipeto which they arerelated,
with the �lename extension .rc . For instance,the recipe si_rec_wavecalhasits EsoRex generated
con�guration�le namedsi_rec_wavecal .r c, andis generatedwith thecommand:

esorex - -create-con�g si_rec_wavecal

Thede�nition of oneparameterof a recipemaylook like this:

# --stack-warpfix_ ke rn el
# Warpfix kernel: (tanh | sinc | sinc2 | lanczos | hamming | hann)
sinfoni.stacked. warp fi x_ ker nel= ta nh

In thisexample,theparametersinfoni.stacked .w ar pfi x_ ke rn el is setto thevalue tanh . In
thecon�guration�le generatedby EsoRex, oneor morecommentlinesareaddedcontaininginformation
aboutthepossiblevaluesof theparameter, andanaliasthatcouldbeusedasacommandline option.

Therecipesprovidedby theSINFONIpipelinearedesignedto implementacascadeof macrodatareduc-
tion steps,eachcontrolledby its own parameters.For this reasonandto preventparameternameclashes
we specifyasparameterpre�x not only the instrumentnamebut alsothenameof thestepthey refer to.
Shorterparameteraliasesaremadeavailablefor useon thecommandline.

Thecommand

esorex - -create-con�g recipe_name

generatesadefault con�guration�le recipe_name.rc in thedirectory$HOME/.esorex5.
4The EsoRex recipecon�guration�le correspondsto the Parameters panelof the Gasganorecipeexecutionwindow (seeFigure

4.2.3,page21).
5If a numberof recipeparametersarespeci�edon thecommandline, thegivenvalueswill beusedin thecreatedcon�guration�le.
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A recipecon�guration�le differentfrom thedefault onecanbespeci�edon thecommandline:

esorex - -recipe-con�g=my_alternative_recipe_con�g

Recipeparametersareprovidedin section9 andtheir role is describedin Section10.

More thanonecon�guration �le maybemaintainedfor thesamerecipebut, in orderto beused,a con-
�guration �le not locatedunder $HOME/.esorex , or having a namedifferentfrom therecipename,
shouldbeexplicitly speci�edwhenlaunchinga recipe.

Recipeexecution: A recipecanberun by specifyingits nameto EsoRex, togetherwith thenameof a set-of-
frames.For instance,the following commandline would beusedto run therecipe si_rec_wavecalfor
processingthe�les speci�edin theset-of-framessi_rec_wavecal. sof :

esorex si_rec_wavecalsi_rec_wavecal.sof

Therecipeparameterscanbemodifyedeitherby editingdirectlytheusedcon�guration�le, or by specify-
ing new parametervalueson thecommandline usingthecommandline optionsde�ned for this purpose.
Suchcommandline optionsshouldbe insertedafter the recipenameand beforethe SOF name,and
they will supersedethe systemdefaults and/orthe con�guration �le settings. For instance,to set the
si_rec_wavecalrecipe wcal-pixel_tol parameterto 3.0 , thefollowing shouldbetyped:

esorex si_rec_wavecal - -wcal-pixel_tol=3.0si_rec_wavecal.sof

For moreinformationon EsoRex, see http://www.eso. or g/c pl /e so re x.h tml .

4.3 Example of data reductionusingEsoRex

A simple,typical datareductionprocedureis describedhere.6

We suggestthe userto organizehis dataper type, observed bandandcamerasetting. Dark framesmay be
groupedperdetectorDIT, framesto computedistortionandframesto computedetectornonlinearitiesmaybe
organizedper observed band. The detectorDIT is given by the valueof the FITS keyword DET DIT 7. The
observed bandis indicatedby thevalueof theFITS keyword INS SETUPID. Thecamerasettingis indicated
by thevalueof INS OPTI1NAME. In theexamplesbelow wesupposetheuserhasdataacquiredin bandK and
with the100maspre-opticsetting,andDIT=600. In the following examples/path_raw/ indicatesthefull
pathto thesourcetreedirectorycontainingraw data.

Dark Frames:thoseframesarecharacterizedby DPR.TYPE='DARK',

/path_raw/DARK/ 600/ SINFO.2 004- 08- 23T09: 36:12 .3 16.f it s DARK
/path_raw/DARK/ 600/ SINFO.2 004- 08- 23T09: 51:59 .8 24.f it s DARK
/path_raw/DARK/ 600/ SINFO.2 004- 08- 23T10: 07:40 .7 60.f it s DARK

Detectorlinearity �at �eld frames:thoseframesarecaracterizedby DPR.TYPE='LINEARITY,LAMP'

6Theprocedureusing Gasganois conceptuallyidentical.
7Weomit herethepre�x HIERARCH ESO
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/path_raw/LINEA RI TY/K/ SI NFO. 2005- 02-2 6T20:09 :5 0. 882. fit s LINEARITY_LAMP
/path_raw/LINEA RI TY/K/ SI NFO. 2005- 02-2 6T20:10 :0 7. 455. fit s LINEARITY_LAMP
/path_raw/LINEA RI TY/K/ SI NFO. 2005- 02-2 6T20:10 :2 3. 047. fit s LINEARITY_LAMP
/path_raw/LINEA RI TY/K/ SI NFO. 2005- 02-2 6T20:10 :3 8. 240. fit s LINEARITY_LAMP
/path_raw/LINEA RI TY/K/ SI NFO. 2005- 02-2 6T20:10 :5 6. 403. fit s LINEARITY_LAMP
/path_raw/LINEA RI TY/K/ SI NFO. 2005- 02-2 6T20:11 :3 1. 128. fit s LINEARITY_LAMP
/path_raw/LINEA RI TY/K/ SI NFO. 2005- 02-2 6T20:11 :5 9. 183. fit s LINEARITY_LAMP
/path_raw/LINEA RI TY/K/ SI NFO. 2005- 02-2 6T20:12 :2 7. 247. fit s LINEARITY_LAMP

Fibreframes,�at framesandarclampframesto computedistortions:thoseframesarehaveDPR.TYPErespec-
tively equalto 'DISTORTION,FIBRE,NS''DISTORTION,FLAT,NS', 'DISTORTION,WAVE,NS'

/path_raw/DISTO RTIO N/K /S IN FO.2 005 -0 3- 14T11:4 6: 25.1 68.fi ts FIBRE_NS
/path_raw/DISTO RTIO N/K /S IN FO.2 005 -0 3- 14T11:4 6: 53.1 32.fi ts FIBRE_NS
/path_raw/DISTO RTIO N/K /S IN FO.2 005 -0 3- 14T11:4 7: 09.0 65.fi ts FIBRE_NS
/path_raw/DISTO RTIO N/K /S IN FO.2 005 -0 3- 14T11:4 7: 31.0 08.fi ts FIBRE_NS
/path_raw/DISTO RTIO N/K /S IN FO.2 005 -0 3- 14T11:4 7: 49.7 71.fi ts FIBRE_NS
.
.
/path_raw/DISTO RTIO N/K /S IN FO.2 005 -0 3- 14T11:5 2: 35.1 16.fi ts FIBRE_NS
/path_raw/DISTO RTIO N/K /S IN FO.2 005 -0 3- 14T11:5 3: 22.8 63.fi ts FLAT_NS
/path_raw/DISTO RTIO N/K /S IN FO.2 005 -0 3- 14T11:5 3: 45.3 97.fi ts FLAT_NS
/path_raw/DISTO RTIO N/K /S IN FO.2 005 -0 3- 14T11:5 4: 08.8 61.fi ts WAVE_NS
/path_raw/DISTO RTIO N/K /S IN FO.2 005 -0 3- 14T11:5 5: 10.2 20.fi ts WAVE_NS

Standard�at �eld frames:thoseframesarecaracterizedby DPR.TYPE='FLAT,LAMP'

/path_raw/FLAT/ K/ 100/S IN FO.2 005-0 2- 28T16: 27: 43.2 32.f its FLAT_LAMP
/path_raw/FLAT/ K/ 100/S IN FO.2 005-0 2- 28T16: 28: 05.8 46.f its FLAT_LAMP
/path_raw/FLAT/ K/ 100/S IN FO.2 005-0 2- 28T16: 28: 18.8 20.f its FLAT_LAMP
/path_raw/FLAT/ K/ 100/S IN FO.2 005-0 2- 28T16: 28: 32.5 93.f its FLAT_LAMP
/path_raw/FLAT/ K/ 100/S IN FO.2 005-0 2- 28T16: 28: 45.5 66.f its FLAT_LAMP
/path_raw/FLAT/ K/ 100/S IN FO.2 005-0 2- 28T16: 29: 08.1 65.f its FLAT_LAMP

Arc lampframes:thoseframesarecaracterizedby DPR.TYPE='WAVE,LAMP'

/path_raw/WAVE/ K/ 100/S IN FO.2 005-0 2- 28T17: 55: 44.7 53.f its WAVE_LAMP
/path_raw/WAVE/ K/ 100/S IN FO.2 005-0 2- 28T18: 00: 15.8 75.f its WAVE_LAMP

scienceframes:thoseframesarecaracterizedby DPR.TYPE='OBJECT'or DPR.TYPE='SKY'

/path_raw/SCI/K /1 00/SI NFO. 2005-02 -2 7T04:3 0:2 2. 175. fi ts OBJECT_NODDING
/path_raw/SCI/K /1 00/SI NFO. 2005-02 -2 7T04:3 0:5 4. 620. fi ts SKY_NODDING
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/path_raw/SCI/K /1 00/SI NFO. 2005-02 -2 7T04:3 1:1 9. 755. fi ts SKY_NODDING
/path_raw/SCI/K /1 00/SI NFO. 2005-02 -2 7T04:3 1:4 6. 369. fi ts OBJECT_NODDING
/path_raw/SCI/K /1 00/SI NFO. 2005-02 -2 7T04:3 2:1 2. 983. fi ts OBJECT_NODDING
/path_raw/SCI/K /1 00/SI NFO. 2005-02 -2 7T04:3 2:4 6. 418. fi ts SKY_NODDING

To haveadditionalinformationontheinstrumentperformancetheusermaywantto reducealsotelluric standard
starframes:thoseframesarecaracterizedby DPR.TYPE='STD'or DPR.TYPE='SKY,STD'

/path_raw/STD/K /1 00/SI NFO. 2005-02 -2 7T09:1 7:0 5. 775. fi ts STD
/path_raw/STD/K /1 00/SI NFO. 2005-02 -2 7T09:1 8:1 0. 566. fi ts SKY_STD

or PSFstandardstarframes:thoseframesarecaracterizedby DPR.TYPE='PSF-CA LI BRATOR' or
DPR.TYPE='SKY,P SF-C ALI BRATOR'

/path_raw/PSF/K /1 00/SI NFO. 2004-08 -2 3T07:3 5:1 6. 597. fi ts PSF_CALIBRATOR
/path_raw/PSF/K /1 00/SI NFO. 2004-08 -2 3T07:3 6:5 5. 413. fi ts SKY_PSF_CALIBRATOR

We describebelow a typical datareductionsequenceusingEsoRex. In this sectionwe assumethat the user
setsin theEsoRex con�guration �le ($HOME/.esorex/esorex.rc) the �ag suppress-pre�x to TRUE, sothat the
pipelineproduct�le nameshavestandardnames,with extention.�ts for imagesand.t�ts for tables.Wesuggest
to verify to have the �ag readonlyset to FALSE, if the userwould like to run the samerecipeseveral times
with EsoRex having standardnamesfor product�les. This settingallows thepipelineto overwritepreviously
generatedproducts8. In the following we indicateonly thoseframesinvolved in the datareductioncascade,
suggestingtheuserto renamethemaccordingto theirPRO.CATG, INS.SETUP.ID andband,andto remove the
otherproductsaftereachrecipeexecution.

1. Theusermaystartto generatea masterdark. Raw darkframesmaybeput in anASCII �le, mdark_sof.
This �le will look like asfollows:

/path_raw/DARK/6 00/S IN FO.20 04-0 8- 23T09:3 6: 12.3 16. fi ts DARK
/path_raw/DARK/6 00/S IN FO.20 04-0 8- 23T09:5 1: 59.8 24. fi ts DARK
/path_raw/DARK/6 00/S IN FO.20 04-0 8- 23T10:0 7: 40.7 60. fi ts DARK

Thentheusercangeneratethemasterdarkwith thecommand

esorex si_rec_mdark mdark_sof

This commandwill generatetwo �les: out_bp_noise.�ts(PRO.CATG=BP_MAP_HP),a hot pixel map,
and out_dark.�ts (PRO.CATG=MASTER_DARK), a masterdark. For conveniencewe indicatewith
/path_cdb thefull pathto adirectorycontainingrelevantdatareductionproducts.

mv out_bp_noise.�ts /path_pro/BP_MAP_HP.�ts

mv out_dark.�ts /path_pro/MASTER_DARK_600.�ts

rm -rf out*�ts *.paf *.log
8By default installationin theEsoRex con�guration �le ($HOME/.esorex/esorex.rc) the�ag suppress-pre�x to FALSE andthe�ag

readonlyis setto FALSE, a possiblecombination,in whichcasepipelineproduct�lenameswill have apre�x out_,anincreasinga four
digit number, andextention.�ts for imagesand.t�ts for tables.
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2. Thentheusermaygenerateamapof nonlinearpixels.A setof linearity raw �at �eld framesmaybeput
in theASCII �le linearity_sof.

/path_raw/LINEAR IT Y/ K/ SI NFO.2 005- 02-26 T20: 09:5 0.8 82.f it s LINEARITY_LAMP
/path_raw/LINEAR IT Y/ K/ SI NFO.2 005- 02-26 T20: 10:0 7.4 55.f it s LINEARITY_LAMP
/path_raw/LINEAR IT Y/ K/ SI NFO.2 005- 02-26 T20: 10:2 3.0 47.f it s LINEARITY_LAMP
/path_raw/LINEAR IT Y/ K/ SI NFO.2 005- 02-26 T20: 10:3 8.2 40.f it s LINEARITY_LAMP
/path_raw/LINEAR IT Y/ K/ SI NFO.2 005- 02-26 T20: 10:5 6.4 03.f it s LINEARITY_LAMP
/path_raw/LINEAR IT Y/ K/ SI NFO.2 005- 02-26 T20: 11:3 1.1 28.f it s LINEARITY_LAMP
/path_raw/LINEAR IT Y/ K/ SI NFO.2 005- 02-26 T20: 11:5 9.1 83.f it s LINEARITY_LAMP
/path_raw/LINEAR IT Y/ K/ SI NFO.2 005- 02-26 T20: 12:2 7.2 47.f it s LINEARITY_LAMP

Theusercangenerateanonlinearitybadpixel map(PRO.CATG=BP_MAP_NL)with thecommand:

esorex si_rec_detlinlinearity_sof

This commandwill generateseveral �les, including the non linearity badpixel map,storedin the �le
“out_bp_lin.�ts”.

mv out_bp_lin.�ts /path_pro/BP_MAP_NL_K.�ts

rm -rf out*�ts *.paf *.log

3. Then the usermay determinethe optical distortions(PRO.CATG=DISTORTION) and the slitlets dis-
tances(PRO.CATG=SLITLETS_DISTANCE).

Theuserwill selectall the�les containingthestringDISTORTION in theirDPR.TYPE.Usingthose�les
andthe line referencetableof thecorrespondingband(K) anda drssetuptablewill generateanASCII
�le distortion_sof:

/path_raw/SINFO. 2005-0 3- 14T11:2 8: 19.00 7. fi ts FIBRE_NS
/path_raw/SINFO. 2005-0 3- 14T11:2 8: 43.78 1. fi ts FIBRE_NS
/path_raw/SINFO. 2005-0 3- 14T11:2 8: 59.72 3. fi ts FIBRE_NS
/path_raw/SINFO. 2005-0 3- 14T11:2 9: 18.49 6. fi ts FIBRE_NS
.
.
.
/path_raw/SINFO. 2005-0 3- 14T11:5 3: 22.86 3. fi ts FLAT_NS
/path_raw/SINFO. 2005-0 3- 14T11:5 3: 45.39 7. fi ts FLAT_NS
/path_raw/SINFO. 2005-0 3- 14T11:5 4: 08.86 1. fi ts WAVE_NS
/path_raw/SINFO. 2005-0 3- 14T11:5 5: 10.22 0. fi ts WAVE_NS
/path_cdb/neonK. tf it s REF_LINE_ARC
/path_cdb/drs_se tu p_wave .tf it s DRS_SETUP_WAVE

Wherewith /path_cdb wehave indicatedthefull pathto thedirectorycontainingcalibrationdata.The
command

esorex si_rec_distortiondistortion_sof
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Will generateseveralproducts.Betweenthosealsoout_distortion.t�ts,a tablecontaininginformationon
thepolynomialdistortioncoef�cients, andout_distances.t�ts,a tablecontaininginformationontheslitlet
distances.

mv out_distortion.t�ts /path_pro/DISTORTION_K.t�ts

mv out_distances.t�ts /path_pro/SLITLETS_DISTANCE_K.t�ts

rm -rf out*�ts *.paf *.log

4. Thenoneselectsthe raw �at �elds and list themin an ASCII �le m�at_sof togetherwith somestatic
calibrationsandpreviously obtainedproducts:

/path_raw/FLAT/S IN FO.2 005-0 2- 28T16: 27: 43.2 32.f its FLAT_LAMP
/path_raw/FLAT/S IN FO.2 005-0 2- 28T16: 28: 05.8 46.f its FLAT_LAMP
/path_raw/FLAT/S IN FO.2 005-0 2- 28T16: 28: 18.8 20.f its FLAT_LAMP
/path_raw/FLAT/S IN FO.2 005-0 2- 28T16: 28: 32.5 93.f its FLAT_LAMP
/path_raw/FLAT/S IN FO.2 005-0 2- 28T16: 28: 45.5 66.f its FLAT_LAMP
/path_raw/FLAT/S IN FO.2 005-0 2- 28T16: 29: 08.1 65.f its FLAT_LAMP
/path_cdb/REF_BP _MAP.f it s REF_BP_MAP
/path_cdb/BP_MAP _NL_K. fi ts BP_MAP_NL

Thecommand:

esorex si_rec_m�at m�at_sof

generatesseveral frames,including the master�at �eld, storedin the �le “out_�at.�ts”, andthemaster
badpixel map,storedin the�le “out_bpmap_sum.�ts”.

mv out_�at.�ts /path_pro/MASTER_FLAT_LAMP_K_100.�ts

mv out_bpmap_sum.�ts /path_pro/MASTER_BP_MAP_K_100.�ts

rm -rf out*�ts *.paf *.log

5. Thenonelistsraw arclampframesandadditionalstaticcalibrationframesandpreviouslyobtainedmaster
calibrationsin anASCII �le wcal_sof:

/path_raw/WAVE/S IN FO.2 005-0 2- 28T17: 55: 44.7 53.f its WAVE_LAMP
/path_raw/WAVE/S IN FO.2 005-0 2- 28T18: 00: 15.8 75.f its WAVE_LAMP
/path_cdb/neonK. tf it s REF_LINE_ARC
/path_pro/MASTER _FLAT_LAMP_K_100. fi ts MASTER_FLAT_LAMP
/path_pro/MASTER _BP_MAP_K_100.f it s MASTER_BP_MAP
/path_pro/DISTOR TI ON_K.t fit s DISTORTION
/path_cdb/drs_se tu p_wave .tf it s DRS_SETUP_WAVE
/path_cdb/SLIT_P OS_K_100.tf it s SLIT_POS

Thecommand:

esorex si_rec_wavecalwcal_sof

generatesseveralframes,includingthemasterwavelengthmap,storedin the�le “out_wavemap_ima.�ts”,
andtheslitlet positiontable,storedin the�le “out_slitpos.t�ts”.
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mv out_wavemap_ima.�ts /path_pro/MASTER_WAVE_MAP_K_100.�ts

mv out_slitpos.t�ts /path_pro/SLIT_POS_K_100.t�ts

rm -rf out*�ts *.paf *.log

6. Finally theuserwill reducethesciencedata:

/path_raw/OBJNOD /S IN FO.2 005 -0 2- 27T06:0 9: 19.3 58.fi ts OBJECT_NODDING
/path_raw/OBJNOD /S IN FO.2 005 -0 2- 27T06:1 0: 10.9 96.fi ts SKY_NODDING
/path_raw/OBJNOD /S IN FO.2 005 -0 2- 27T06:1 1: 33.9 49.fi ts OBJECT_NODDING
/path_raw/OBJNOD /S IN FO.2 005 -0 2- 27T06:1 3: 08.2 04.fi ts SKY_NODDING
/path_raw/OBJNOD /S IN FO.2 005 -0 2- 27T06:1 4: 40.0 68.fi ts OBJECT_NODDING
/path_raw/OBJNOD /S IN FO.2 005 -0 2- 27T06:1 6: 11.1 22.fi ts SKY_NODDING
/path_pro/MASTER _BP_MAP_K_100.f it s MASTER_BP_MAP
/path_pro/MASTER _FLAT_LAMP_K_100. fi ts MASTER_FLAT_LAMP
/path_pro/WAVE_M AP_K_100.fi ts WAVE_MAP
/path_pro/SLITLE TS_DIS TANCE_K.t fi ts SLITLETS_DISTAN CE
/path_pro/SLIT_P OS_K_100.tf it s SLIT_POS
/path_pro/DISTOR TI ON_K.t fit s DISTORTION
/path_cdb/FIRST_ COLUMN.t fit s FIRST_COL

7. If the useris interestedto �nd informationon the ef�ciency of the detector, it is necessaryto reduce
standardstarcalibrations.This canbedonecollectingappropriatedatain astdstar_sof�le:

/path_raw/OBJNOD /S IN FO.2 005 -0 2- 27T06:0 9: 19.3 58.fi ts STD
/path_raw/OBJNOD /S IN FO.2 005 -0 2- 27T06:1 0: 10.9 96.fi ts SKY_STD
/path_pro/MASTER _BP_MAP_K_100.f it s MASTER_BP_MAP
/path_pro/MASTER _FLAT_LAMP_K_100. fi ts MASTER_FLAT_LAMP
/path_pro/WAVE_M AP_K_100.fi ts WAVE_MAP
/path_pro/SLITLE TS_DIS TANCE_K.t fi ts SLITLETS_DISTAN CE
/path_pro/SLIT_P OS_K.t fi ts SLIT_POS
/path_pro/DISTOR TI ON_K.t fit s DISTORTION
/path_cdb/FIRST_ COLUMN.t fit s FIRST_COL

8. If theuseris interestedto �nd informationon thestrehl,it is necessaryto reducePSFstandardframes.
This canbedonecollectingappropriatedatain apsf_sof�le:

/path_raw/OBJNOD /S IN FO.2 005 -0 2- 27T06:0 9: 19.3 58.fi ts PSF_CALIBRATOR
/path_raw/OBJNOD /S IN FO.2 005 -0 2- 27T06:1 0: 10.9 96.fi ts SKY_PSF_CALIBRATOR
/path_pro/MASTER _BP_MAP_K_100.f it s MASTER_BP_MAP
/path_pro/MASTER _FLAT_LAMP_K_100. fi ts MASTER_FLAT_LAMP
/path_pro/WAVE_M AP_K_100.fi ts WAVE_MAP
/path_pro/SLITLE TS_DIS TANCE_K_100.t fit s SLITLETS_DISTAN CE
/path_pro/SLIT_P OS_K_100.tf it s SLIT_POS
/path_pro/DISTOR TI ON_K.t fit s DISTORTION
/path_cdb/FIRST_ COLUMN.t fit s FIRST_COL
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5 Known problems

We suggestthe userto executethe datareductionrecipesusingparameterdefaultsandall the referenceand
mastercalibrationsindicatedin this manual.The following is a list of currently-known issueswith SINFONI
recipes,andworkarounds,if available:

si_rec_wavecal This recipesometimesfails to determinethepositionsof theslitlets. A possiblereasonis an
improperdatareductionparametersetting.For exampletheparameterwcal-pixel_tol hasa default value
of 3.0to insuregoodaccuracy. Valuesequalto 5 or 6 mayinsurehigherrobustnessat thepriceof aminor
accuracy.

Thesameis truefor theparametershaving aliaseswcal-min_diff, wcal-na_coeffs, wcal-nb_coeffs, wcal-
pix_tol, wcal-y_box, which in the currentrelease,for accuracy, have default valuesasspeci�ed in the
�rst columnof thefollowing tablebut in previousreleasesthey haddefaultvaluesasspeci�edin theother
tablerows,valueswhichmightoffer greaterrobustnessat apriceof aminoraccuracy.

band wcal-min_diff wcal-na_coeffs wcal-nb_coeffs wcal-pix_tol wcal-y_box comment
any 1.0 4 2 3.0 5.0 default setting
H 10.0 3 2 7.0 2.0 old setting

H+K 1.0 4 2 5.5 5.0 old setting
K 1.0 4 2 12.0 5.0 old setting
J 1.0 4 2 3.0 5.0 old setting

Anotherpossibleexplanationof the failure is the usageof an improperbadpixel map. We suggestto
usethe REF_BP_MAP, provided with the presentkit release,asinput of the si_rec_m�atrecipewhich
determinestheMASTER_BP_MAP, which is inputof thesi_ref_wavecalrecipe.

si_rec_objnod This recipeis muchdemandingin termof RAM. Theamountof RAM requiredis approxima-
tively givenby theformula:

RAM=
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, theuserneedsat least1.6GB of RAM, thesameamountof swap,dedicated
to run the pipeline. We alsosuggestthe userto checkbeforestartingthe datareductionthe valuesof
keywordsSEQCUMOFFSETXandSEQCUMOFFSETY. Sometimesthosemaybeverydifferent.This
maybesuchthat thesizeof theoutputcoaddedcubeis large enoughnot to allow a full datareduction,
dueto thelimited amountof availableRAM.

In thosecases,or if thesinglecubecomponentscorrespondto observationsof portionsof thesky which
do notoverlapwith eachother, we suggesttheuserto setobjnod-jit_ind =FALSE.

si_rec_objnod WCS coordinatesin the coaddedcubemay be imprecise.WCS coordinatesarebasedon the
valuesof theFITS keywordsRA andDEC.More accuratevaluesareindeedgivenby INS TARG ALFA
andINS TARG DELTA, but sometimesthosearewrong. TheWCScoordinatesrefer to thepositionof
the�rst objectof thelist in thecoaddedspace,whichmaynotbeat thecenterof theFOV.
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si_rec_objnod Seldomly, thisrecipemayoriginatecoaddedcubeswhosespectraalongz axismayhavespikes.
This occurrencemaybean indicationthat thekappasigmaclipping hasremoved someobjectpoint. In
thosecaseswesuggestto increasethevalueof kappa.

si_rec_objnod Someusermayhave observationstakenwith thetelescopepositionanglenot equalto 0. This
occurrencecanberevealedverifying thatthevalueof theFITSkeywordADA POSANGis not0. In those
casesthepipelinemaycoaddseveralcubescomponentsincorrectly.
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6 Instrument Data Description

SINFONI datareductionoften involvespair of frames:calibrationsin which an “on” frameis acquiredwith
a calibrationlampswitchedon andan“off ” framerecordedwith thesamelampswitchedoff, or observations
of scienceobjectsandof thesky background.Additionally, dark framesaretaken aswell asspecial�bre �at
framesusedto computeopticaldistortions.Dueto anonuniformilluminationof asmallnumberof slitletsfrom
the�bre link, severalraw frames(usually75)arenecessaryto computetheopticaldistortions.Eachkind of raw
frameis typically associatedto a singleSINFONI pipelinerecipe,i.e., the recipeassignedto the reductionof
thatspeci�c frametype. In thepipelineenvironmentthis recipewouldbelaunchedautomatically. Therecipeto
computeopticaldistortionstakesasinputseveralkindsof raw frames,including�ats in whicha few instrument
slitletsareilluminatedby a �bre, andstandardpairsof �at �eld andarclampframes.

In thefollowing sectionsaftera brief descriptionof how mostof theraw datalook like, all raw SINFONI data
framesarelisted,togetherwith thekeywordsusedfor their classi�cationandcorrectassociation.Theindicated
DO category is a labelassignedto any datatypeafter it hasbeenclassi�ed,which is thenusedto identify the
frameslistedin theSetof Frames(seeSection4.2.2,page22). We alsoprovide snapshotsof eachof themain
raw dataon frames(“off ” framessnapshotsarenotprovidedasthey usuallylook like darkframes).

6.1 Data features

In �gure 6.1.0wehaverepresentedhow apossibleobservationtarget,
���

! , is imagedonthedetector,
���

! . The32
inputsource's slicesgeneratedby thetwo imageslicersareimagedonthedetector. Thesearealsocalledslitlets
andappearasverticalstrips. Eachslitlet hastwo edges,which canbeseenby looking at thehorizontaltraces
of sky emissionlinesor atmosphericabsorptionfrom thehydroxylmoleculeOH. Thoselinesalsoshow thatthe
slitletsarearrangedin abrick-wall pattern,to easethedetectionof theiredges,andthatthe�rst slitlet hasa left
edgenotcoincidentwith theleft borderof thedetector. Thedetectorcolumncorrespondingto thisedgeis called
�rst columnandit is taken asreferenceto measuretheother31 slitlets' distances.This information,together
with theactualpositionof eachslitlet edgeis necessaryto reconstructthe input FOV image.Thedetectorhas
a numberof badpixelsanda circulardefectnearits center. Thespatialinformation(bothX andY directions
on thesky) is distributedalongthehorizontaldirectionalone(theX sky coordinatein eachslitlet andtheY sky
coordinatein thedifferentslitlets)while thewavelengthinformationis alongtheverticaldirection,increasing
downwards. The signal from a point-like object in the FOV with a �nite PSFappearsasa vertical stripe in
eachslitlet whereits emissionis relevantandit is superimposedonthesky background,moreuniformalongthe
spatialdirectionexceptin coincidenceof emissionlinesvisibleashorizontalbrightstripes.Duringanexposure
thedetectorcanbehit by cosmicrays.

In �gure 6.1.0we have thecentralplaneof a coaddedcuberesultingfrom several targetacquisitionsobserved
atdifferenttelescopepositions.

In �gure 6.2.0we have severalexamplesof raw calibrationandscienceframes.
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���

!

���

!

Figure6.1.0:A possibletargetfor observation
���

! anda typical raw scienceframelayout
���

! .

6.2 Raw frames

We list in this sectionall raw frameswith therelevantFITS keywords(omitting thepre�x HIERARCH ESO)
neededto classifythemandassociateto themthe requiredcalibrationframes.Figure6.2.0shows the typical
appearanceof thoseframes.

� Dark current:

DO category: DARK
Processedby: si_rec_mdark

Classi�cationkeywords: Associationkeywords: Fig:
DPR CATG = CALIB DET DIT 6.2.0(a)
DPR TYPE = DARK
DPR TECH = IMAGE

� Flat Field:

DO category: FLAT_LAMP
Processedby: si_rec_mflat
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Figure6.1.0:A coaddedcuberesultingfrom several“mosaiced”cubes.

Classi�cationkeywords: Associationkeywords: Fig:
DPR CATG = CALIB INS SETUP ID 6.2.0(b)
DPR TYPE = FLAT,LAMP INS OPTI1 NAME
DPR TECH = IFU

� Detector linearity Flat Field:

DO category: LINERITY_LAMP
Processedby: si_rec_detlin

Classi�cationkeywords: Associationkeywords: Fig:
DPR CATG = CALIB INS SETUPID 6.2.0(b)
DPR TYPE = LINEARITY,LAMP
DPR TECH = IFU

� Flat �eld frames to computedistortions:

DO category: FLAT_NS
Processedby: si_rec_distorti on

Classi�cationkeywords: Associationkeywords: Fig:
DPR CATG = CALIB INS SETUP ID 6.2.0(c)
DPR TYPE = DISTORTION,FLA T, LAMP
DPR TECH = IFU

� Ar c frames frames to computedistortions:

DO category: WAVE_NS
Processedby: si_rec_distorti on

Classi�cationkeywords: Associationkeywords: Fig:
DPR CATG = CALIB INS SETUP ID 6.2.0(d)
DPR TYPE = DISTORTION,WAVE, LAMP
DPR TECH = IFU
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(a) (b) (c)

(d) (e) (f)

Figure6.2.0: (a) a raw dark framewith DIT=1; (b) a �at �eld on in bandH, 100mas;(c) a raw frameusedto
computeopticaldistortions;(d) anarclampon frame;(e)ascienceframe;(f) asky frame.

� Ar c frames:

DO category: WAVE_LAMP
Processedby: si_rec_wavecal

Classi�cationkeywords: Associationkeywords: Fig:
DPR CATG = CALIB INS SETUP ID 6.2.0(d)
DPR TYPE = WAVE,LAMP INS OPTI1 NAME
DPR TECH = IFU

� STD PSFstar frames:

DO category: PSF_CALIBRATOR
Processedby: si_rec_psf

Classi�cationkeywords: Associationkeywords: Fig:
DPR CATG = CALIB INS SETUP ID 6.2.0(e)
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DPR TYPE = PSF-CALIBRATOR INS OPTI1 NAME
DPR TECH = IFU

� Sky frames taken with STD PSFstar frames:

DO category: SKY_PSF_CALIBRATOR
Processedby: si_rec_psf

Classi�cationkeywords: Associationkeywords: Fig:
DPR CATG = CALIB INS SETUP ID 6.2.0(f)
DPR TYPE = SKY,PSF-CALIBR ATOR INS OPTI1 NAME
DPR TECH = IFU

� STD star frames:

DO category: STD
Processedby: si_rec_stdstar

Classi�cationkeywords: Associationkeywords: Fig:
DPR CATG = CALIB INS SETUP ID 6.2.0(e)
DPR TYPE = STD INS OPTI1 NAME
DPR TECH = IFU

� Sky frames taken with STD star frames:

DO category: SKY_STD
Processedby: si_rec_stdstar

Classi�cationkeywords: Associationkeywords: Fig:
DPR CATG = CALIB INS SETUP ID 6.2.0(f)
DPR TYPE = SKY,STD INS OPTI1 NAME
DPR TECH = IFU

� Scienceframes:

DO category: OBJECT_NODDING
Processedby: si_rec_objnod

Classi�cationkeywords: Associationkeywords: Fig:
DPR CATG = SCIENCE INS SETUP ID 6.2.0(e)
DPR TYPE = OBJECT INS OPTI1 NAME
DPR TECH = IFU,NODDING
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� Sky frames taken with scienceframes:

DO category: SKY_NODDING
Processedby: si_rec_objnod

Classi�cationkeywords: Associationkeywords: Fig:
DPR CATG = SCIENCE INS SETUP ID 6.2.0(f)
DPR TYPE = SKY INS OPTI1 NAME
DPR TECH = IFU,NODDING
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7 Static Calibration Data

In the following sectionancillary datarequiredfor SINFONI datareductionarelisted. For eachof themwe
indicatethe correspondingvalueof the HIERARCH ESOPRO CATG, in shortPRO.CATG, FITS keyword.
Thishasto beusedto identify theframeslistedin theSetof Frames(seeSection4.2.2,page22).

7.1 Line referencetable

A referencelist of arclinesisnecessarytoperformthewavelengthcalibration.ItsPRO.CATGisREF_LINE_ARC.
This frameis aninputof therecipessi_rec_distortionandsi_rec_wavecal.

7.2 DRSsetuptable

Thereareafew datareductionparameterswhicharebanddependentandaresupposednot to change.Thoseare
collectedin atablehaving PRO.CATGDRS_SETUP_WAVE.Thisframeisaninputof therecipessi_rec_distortion
andsi_rec_wavecal.

band W_START W_DISP1 W_DISP2 W_HW W_FWHM W_MIN_AMP W_LOW_POS W_HI_POS
H 1.65 -2.00018796022e-4 9.3034524287e-10 7 2.83 5 750 1000

H+K 1.95 -5.001433e-4 4.567277e-9 8 3.00 2 1100 1260
K 2.20 -2.51669e-4 1.77136e-9 4 2.00 1 760 900
J 1.25 -1.500581e-4 5.8870678e-10 8 2.00 2 980 1175

This tablesetthevaluesfor datareductionparameterswhich in section10 arerespectively calledbegin_wave,
guess_disp1, guess_disp2, half_width, fwhm, min_amp, lo_pos, hi_pos.

7.3 Referencebad pixel map

Detectordefectsareloggedasbadpixelsin aspecialmaskhaving PRO.CATG REF_BP_MAP. This is aninput
of therecipesi_rec_m�at.

7.4 First column referencetable

Thedatareductionrequiresasinputalsoa frameindicationthe�rst columnof the�rst slitlet. Its PRO.CATG is
FIRST_COLUMN.It is aninputof therecipessi_rec_wavecal,si_rec_objnod,si_rec_psf,si_rec_stdstar.
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8 Data Reduction

In thissection,afteranoverview of themainproblemsthedatareductionneedsto solve,welist therequireddata
andtherecipeswhich allow to solve them,giving thedatareductionsequencenecessaryto reducecalibration
andsciencedata.

8.1 Data reduction overview

Theprincipleof integral �eld spectroscopy is describedby �gure 8.1.0.A two-dimensionalimageof thesky is
separatedby animageslicerinto severalcomponents.Thosearethenalignedonaslit anddispersedto separate
its spectralinformationandthenimagedonadetector. ThemainSINFONIdatareductionproblemsto solveare
thefollowing.

� Correctfor the detectorsignature:bad pixels, detectorcontribution to the measuredsignal, �at �eld-
ing (correctpixel to pixel gain variationsandrelative slitlet throughputdifferences),correctgeometric
distortions.

� Performthewavelengthcalibration.

� ReconstructtheimageFOV from the32 imageslicesin a formatwhich containsboththespatialandthe
spectralinformation.

� Devisepropercalibrationsandobservationsto beableto properlycorrecttheemissionfrom thesky, from
theinstrumentandfrom thetelescopewhich arevery strongin theNIR. This requiresto take sky frames
togetherwith theobjectframesin thenightobservations,daily calibrationswith the�at lampswitchedon
andoff, andpossiblydarkframes.

In the following descriptionwe alsoindicatein parenthesisfor eachframethecorrespondingPRO.CATG. To
locatethedetectorbadpixelsoneusesabadpixel map.A masterbadpixel mapresultingfrom thecombination
of asetof (different)badpixel mapsis generatedby themaster�at recipe.First of all, asthedetectoris known
to have constructiondefects,thesewill beindicatedby a referencebadpixel map(REF_BP_MAP).Hot pixels
will bedeterminedon dark frames(BP_MAP_HP).Non-linearresponsepixels areinsteadindicatedby a bad
pixel map(BP_MAP_NL) obtainedby evaluatingthe pixel responseof a setof �at exposuresof increasing
intensity. Otherbadpixels(BP_MAP_NO)aredeterminedonasetof �at �elds (on themaster�at �eld).
A master�at �eld (MASTER_FLAT_LAMP) generatedfrom a set of raw �at �elds, is usedto correctthe
differentdetectorpixel sensitivities. It is known that the imageslicedandprojectedon thedetectoris affected
by distortions.Thesi_rec_distortionrecipecomputesthedistortions(DISTORTION) andtheslitlet distances
(SLITLETS_DISTANCE). It usesa setof raw frameswhereonly the�rst columnof eachslitlet is illuminated
through�bres. In addition�ats andarcsaretakenwithin thenorthsouthtemplateasrequiredto reducethedata.
A setof “on” and“off ” arc lampframes,a referenceline table,a master�at �eld, theopticaldistortionsmap
anda goodguessof theslitlet positionsareinput of thewavecalrecipe.This recipedeterminesa wavelength
mapandobtainsabettercomputationof theleft edgepositionof eachslitlet.
Science(or PSFor telluric standard)framesarecorrectedfor sky background,�at �eld, distortions,andcali-
bratedin wavelength.Thesortedslitlets arethenstacked in a cube,taking into accountthe relative distances
of thepositionof theedgeof eachslitlet to theoneof the�rst slitlet, with a �nal imagerealignmentto getsub
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Figure8.1.0:Integral FieldSpectroscopy datareductionprinciple

pixel accuracy. The �nal productis thusa 3D datacubewherethe full spatialinformationis storedalongthe
X andY directions,andthewavelengthinformationis storedalongtheZ direction.Eachplaneof thecubeis a
monochromaticreconstructionof theSINFONIFOV.

Thenorthsouthtesttemplatetraceseachof the32 slitletsby only one�bre exposure;thereforenonlinearities
of theimagescalewithin the64 pixel of asingleslitletsarecurrentlynot correctedandcouldcauseminorslice
to slit ripplesin thereconstructedcube.

8.2 Required input data

To beableto reducesciencedataoneneedsto useraw, productdataandpipelinerecipesin a givensequence
which providesall theinput necessaryto eachpipelinerecipe.We call this sequencea datareductioncascade.
TheSINFONIdatareductioncascadeinvolvesthefollowing inputdata:

� Reference�les:

– A referencebadpixel map,indicatingknown detectordefects.

– A list of arclampemissionlinescontainingvacuumwavelengthsandpredictedintensitiesfor wave-
lengthcalibration.
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– TheDRS_SETUP_WAVE tableasinput of si_rec_distortionandsi_rec_wavecalto specifyparam-
eterpeculiarof thewavelengthcalibrationalgorithm.

– A constantpositionassumedfor the�rst column.

� Raw frames:

– Linearity �at frames,to determineamapof nonlinearbadpixels.

– Darks,to determinemasterdarks.

– Flat �elds, to determinemaster�ats.

– Fibre frames,to tracethe�rst columnof eachslitlet and,usingalsoon/off lamp�ats andarc lamp
frames,to computetheopticaldistortionsandslitlet distances.

– Arc lamps,to performthewavelengthcalibration.

– Sky frames,to evaluateandsubtractthestrongandtime-variableNIR sky emission.

– Telluric STDstarframes,to correcttelluric absorptionfeatures.

– PSFstandards,to evaluatethestrehl.

– Scienceframes,to �nally do science.

� Calibrationdataproducts.

– Badpixel maps,to correctfor thedetectordefects.

– Distortioncoef�cients, to correctfor theopticaldistortions.

– Master�ats, to correctfor differentdetectorpixel ef�ciencies.

– Masterdarks,to correctfor theinstrumentbiasif no off or sky framesareavailable.

– Slitlet distances,to beableto properlyreconstructacube.

– Slitlets' left edgepositions,to beableto properlyreconstructacube.

– Wavelengthmaps,to obtainacubecalibratedin wavelength.

Calibrationdataproductscanbe generatedfrom raw datausing the pipeline recipes. Alternatively the user
mayusecalibrationproductsobtainedfrom theESOarchiveor from theESODataFlow Operationdepartment.
Masterbadpixel maps,thebadpixel mapscomingfrom thestandard�ats, themaster�ats, theslitletsposition
table,thewavelengthmapdependfrom theobservedbandandinstrument's pre-optic.Badpixel mapscoming
from thenonlinearity test,distortiontables,slitlet distances,referenceline tablesdependonly on theobserved
band.The�rst columntable,thereferencebadpixel map,andmasterdarksdependneitherfrom thebandnorthe
pre-optic.Sciencedatarequiringmasterdarkneedto have matchingvaluesof theFITS keyword HIERARCH
ESODET DIT.

8.3 Reductioncascade

The SINFONI datareductionfollows the following sequence.A shortdescriptionof the availablerecipesis
givenin section4.1. In parenthesisweprovide thevalueof theDO category correspondingto eachframe.

� Runsi_rec_detlinon a setof �ats with increasingintensity(LINEARITY_LAMP) to determinethenon
linearitypixelsbadpixel map(BP_MAP_NL).
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� Runsi_rec_mdark on a setof raw darks(DARK) to determinethemasterdark(MASTER_DARK) and
thehotpixelsbadpixel map(BP_MAP_HP).This mapdependsonDIT.

� Runsi_rec_m�at onasetof standard�at �elds (FLAT_LAMP), theBP_MAP_NLandtheREF_BP_MAP
todeterminethemasterbadpixelmap(MASTER_BP_MAP)andthemasterlamp�at (MASTER_FLAT_LAMP).

� Runsi_rec_distortiononasetof �bre �ats (FIBRE_NS),on/off arclamps(WAVE_NS)andon/off lamp
�ats (FLAT_NS), using a referenceline table (REF_LINE_ARC)to determinethe optical distortions
(DISTORTION) andtheslitlet distances(SLITLET_DISTANCES).To seta few datareductionparame-
terswhichdependsfrom theobservedbandandusedinstrumentpre-opticstheuserhasalsoto provide in
inputaDRS_SETUP_WAVE tableframe.

� Runsi_rec_wavecalon asetof arclampframes(FLAT_WAVE), aMASTER_BP_MAP,
a MASTER_FLAT_LAMP, a DISTORTION, anda REF_LINE_ARCto determinethewavelengthmap
(WAVE_MAP) andthe slitlet edgepositiontable(SLIT_POS).To seta few datareductionparameters
which dependsfrom the observed bandandusedinstrumentpre-opticsthe userhasalso to provide in
input a DRS_SETUP_WAVE table. If the parameterwcal-slitpos_bootstraphasvalueset to FALSE,
aswe suggestfor robustness,theuserneedto provide in input alsoanappropriateSLIT_POStable,for
exampletheoneweprovide aspartof dtatareductionkit.

� Run si_rec_psfon PSFstandardsanda MASTER_BP_MAP, a MASTER_FLAT_LAMP, a DISTOR-
TION, a SLITLET_DISTANCES,a SLIT_POS,a WAVE_MAP, anda FIRST_COLto reducethe PSF
standardandgetinformationon theinstrument's strehl.

� Runsi_rec_stdstaron a referencetelluric standard(STD)andaMASTER_BP_MAP,
a MASTER_FLAT_LAMP, a DISTORTION, a SLITLET_DISTANCES,a SLIT_POS,a WAVE_MAP,
andaFIRST_COLto reducethetelluric standardsandgetinformationon theinstrument's response.

� Runsi_rec_objnodon yourscienti�c data(OBJECT_NODDING)andaMASTER_BP_MAP,
a MASTER_FLAT_LAMP, a DISTORTION, a SLITLET_DISTANCES,a SLIT_POS,a WAVE_MAP
andaFIRST_COLto reducesciencedata.

Themaindataproductsinvolved in thedatareductioncascadeareindicatedin theSINFONI associationmap
shown in Figure8.3.1.It summarisedependenciesbetweenraw data,calibrationproductsandrecipesinvolved
in thecorrectionof theinstrumentsignatureandreductionof sciencedata.Examplesof setof framesinput for
eachrecipeareprovidedin section9.
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9 PipelineRecipesInterfaces

In this sectionwe provide for eachrecipeexamplesof therequiredinput data(andtheir tags).In thefollowing
we assumethat /path_�le_raw/�lename_raw.�ts and /path_�le_cdb/�lename_cdb.t�ts are existing FITS �les
(e.g./data1/sinfoni/com2/SINFO.2004-08-16T02:54:04.353.�ts and/cal/sinfo/ifu/cal/DISTORTION_K.t�ts).

We alsoprovide a list of thepipelineproductsfor eachrecipe,indicatingtheir default recipename(eventually
replacedby esorex to agivenstandard),thevalueof theFITSkeyword HIERARCHESOPRO CATG (in short
PRO.CATG) anda shortdescription.TherelevantkeywordsarePRO.CATG, usedto classifyeachframe,and
to associateto eachraw framethepropercalibrationframe:

Associationkeyword Information
HIERARCHESOINS SETUPID band
HIERARCHESOINS OPTI1NAME Pixel scale
HIERARCHESODET DIT Integrationtime

For eachrecipewe alsolist in a tabletheinput parameters(asthey appearin therecipecon�guration �le), the
correspondingaliases(thecorrespondingnamesto beeventuallysetoncommandline) andtheirdefault values.
Also quality controlparametersarelisted.Thosearestoredin relevantpipelineproducts.More informationon
instrumentqualitycontrolcanbefoundonhttp://www.eso.org/qc

We distinguishbetweenrecipesinvolved in thedatareductioncascade(having pre�x si_rec)anduserutilities
(with pre�x si_utl).

9.1 si_rec_detlin

Therecipesi_rec_detlincomputesthedetectorresponsivity asa functionof thepixel intensityanddetermines
whenit becomesnonlinear.

9.1.1 Input

/path_file_raw/ SI NFO.2 004- 08-1 6T02: 54:0 4. 353 .f it s LINEARITY_LAMP
/path_file_raw/ SI NFO.2 004- 08-1 6T02: 53:3 7. 089 .f it s LINEARITY_LAMP
/path_file_raw/ SI NFO.2 004- 08-1 6T02: 52:2 3. 028 .f it s LINEARITY_LAMP
/path_file_raw/ SI NFO.2 004- 08-1 6T02: 51:5 9. 774 .f it s LINEARITY_LAMP
/path_file_raw/ SI NFO.2 004- 08-1 6T02: 50:3 8. 991 .f it s LINEARITY_LAMP
/path_file_raw/ SI NFO.2 004- 08-1 6T02: 50:1 1. 797 .f it s LINEARITY_LAMP
/path_file_raw/ SI NFO.2 004- 08-1 6T02: 49:0 4. 887 .f it s LINEARITY_LAMP
/path_file_raw/ SI NFO.2 004- 08-1 6T02: 48:3 6. 792 .f it s LINEARITY_LAMP

9.1.2 Output

default recipe�le name PRO.CATG shortdescription
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lin_det_info.t�ts LIN_DET_INFO Tablewith coef�cients of nonlinear�t
to medianof each�at imageimage

gain_info.t�ts GAIN_INFO Tablewith detector's gainvalues
out_bplin_coeffsCube.�ts BP_COEFF imagewith coef�cients of nonlinear�t to pixel's

intensityusedto evaluatenonlinearity
out_bp_lin.�ts BP_MAP_NL Non linearbadpixel map

9.1.3 Quality control

Thepipelinecomputesthenonlinearcoef�cients, thenumberof nonlinearpixelspergrating,thedetectorgain.

Detector non linearity Thedetectornonlinearity is computedasdescribedin 10.1.3.Thecomputedcoef�-
cientsareQC.BP-MAP.LINi.MED (i=0,1,2).

A differentmethodis appliedto determinethesamequantityasdescribedin 10.1.3.Thecomputedcoef�cients
areQC.BP-MAP.LINi.MEAN (i=0,1,2).

Non linear bad pixels The pipeline computesthe numberof non linear bad pixels. Thoseare given by
QC.BP-MAP.NBADPIX andareobtainedwith themethodQC.BP-MAP.METHOD.

Detectorgain Thedetectorgainis computedasdescribedin 10.1.5andis givenby thevalueof QC.GAIN.

9.1.4 Parameters

parameter alias default
sinfoni.bp_lin.order bp_lin-order 2
sinfoni.bp_lin.thresh_sigma_factor bp_lin-thresh_sigma_fct 10.0
sinfoni.bp_lin.nlin_threshold bp_lin-nlin_threshold 0.5
sinfoni.bp_lin.low_rejection bp_lin-lo_rej 10.0
sinfoni.bp_lin.high_rejection bp_lin-hi_rej 10.0

9.2 si_rec_mdark

Therecipesi_rec_mdarkgeneratesa masterdark from a setof raw darksby stackingframeswith rejectionof
outliers.It alsogeneratesabadpixel map�agging thehot-currentpixels.

9.2.1 Input

/path_file_raw/ SI NFO.2 004- 08-1 6T01: 24:5 3. 070 .f it s DARK
/path_file_raw/ SI NFO.2 004- 08-1 6T01: 09:2 2. 905 .f it s DARK



ESO SINFONI PipelineUserManual
Doc: VLT-MAN-ESO-19500-3600
Issue: Issue1.0
Date: Date2005-10-19
Page: 46 of 88

/path_file_raw/ SI NFO.2 004- 08-1 6T00: 53:5 1. 890 .f it s DARK
/path_file_raw/ SI NFO.2 004- 08-1 6T00: 38:1 4. 994 .f it s DARK

9.2.2 Output

default recipe�le name PRO.CATG shortdescription
out_bp_noise.�ts BP_MAP_HP badpixel map,method=”Noise”
out_dark.�ts MASTER_DARK masterdark

9.2.3 Quality control

Dark framesareprocessedto monitortheRON, ReadOutNoiseperDIT, theFPN,FixedPatterNoiseperDIT,
thedetectorcountsperDIT, thenumberof hotpixelsperDIT.

RON The RON is computedon the wholedetectorchip andgiven asvalueof theQC.RON parameter. For
qualitycontrolthosevaluesaremonitoredasafunctionof timeandDIT. Two consecutive framesaresubtracted
from eachotherandthemedianstandarddeviation of a limited numberof samplesis takenandnormalisedto
DET.NDIT=1. TheRON is computedin two regionsandis givenby thevaluesof QC.RON1andQC.RON2.

Dark mediancounts Themedianandstandarddeviationof thecountsin themasterdarkframearemonitored
by DFO.Its valueandstandarddeviationaregivenby thevaluesof QC.DARKMED.AVE and
QC.DARKMED.STDEV

Fixed Pattern Noise A histogramof themasterdark is produced,anda �t is applied;thestandarddeviation
(sigma)of theGaussianis theFPN.Thisvalue,loggedby parameterQC.DARKFPN,is monitoredfor different
DITs. The FPN shouldscalelinearly with the numberof counts. For this reasonthe ratio FPN/countsis
monitoredfor differentDITs.

Number of hot pixels Thenumberof pixelshaving an intensitygreaterthana thresholdis monitoredin the
parameterQC.BP-MAP.NBADPIX

9.2.4 Parameters

parameter alias default
sinfoni.bp_noise.thresh_sigma_factor bp_noise-thresh_sigma_fct 10.0
sinfoni.bp_noise.low_rejection bp_noise-lo_rej 10.0
sinfoni.bp_noise.high_rejection bp_noise-hi_rej 10.0
sinfoni.dark.low_rejection dark-lo_rej 0.1
sinfoni.dark.high_rejection dark-hi_rej 0.1
sinfoni.dark.qc_ron_xmin dark-qc_ron_xmin 1
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sinfoni.dark.qc_ron_xmax dark-qc_ron_xmax 2048
sinfoni.dark.qc_ron_ymin dark-qc_ron_ymin 1
sinfoni.dark.qc_ron_ymax dark-qc_ron_ymax 2048
sinfoni.dark.qc_ron_hsize dark-qc_ron_hsize 4
sinfoni.dark.qc_ron_nsamp dark-qc_ron_nsamp 100
sinfoni.dark.qc_fpn_xmin dark-qc_fpn_xmin 1
sinfoni.dark.qc_fpn_xmax dark-qc_fpn_xmax 2047
sinfoni.dark.qc_fpn_ymin dark-qc_fpn_ymin 1
sinfoni.dark.qc_fpn_ymax dark-qc_fpn_ymax 2047
sinfoni.dark.qc_fpn_hsize dark-qc_ron_hsize 2
sinfoni.dark.qc_fpn_nsamp dark-qc_ron_nsamp 1000

9.3 si_rec_m�at

Therecipesi_rec_m�atcomputesamaster�at �eld frameandabadpixel mapindicatingpixelswhoseintensity
is beyonda giventhreshold.

9.3.1 Input

/path_file_raw/ SI NFO.2 005- 02-2 8T16: 27:4 3. 232 .f it s FLAT_LAMP
/path_file_raw/ SI NFO.2 005- 02-2 8T16: 28:0 5. 846 .f it s FLAT_LAMP
/path_file_raw/ SI NFO.2 005- 02-2 8T16: 28:1 8. 820 .f it s FLAT_LAMP
/path_file_raw/ SI NFO.2 005- 02-2 8T16: 28:3 2. 593 .f it s FLAT_LAMP
/path_file_cdb/ REF_BP_MAP. fi ts REF_BP_MAP
/path_file_cdb/ BP_MAP_NL_H_025.fi ts BP_MAP_NL
/path_file_cdb/ BP_MAP_H_025. fi ts BP_MAP **
/path_file_cdb/ SLIT _POS_H_025. fit s SLIT_POS **

With ** wehavelistedanadditionalframeswhicharerequiredonly if sinfoni.lamp_�ats.inter pol_index==TRUE
(usuallynot thecase).

9.3.2 Output

default recipe�le name PRO.CATG shortdescription
out_�at.�ts MASTER_FLAT_LAMP master�at �eld
out_bp_norm.�ts BP_MAP_NO “Above threshold”badpixel map
out_bpmap_sum.�ts MASTER_BP_MAP masterbadpixel map

9.3.3 Quality control

With thisrecipeonecanmonitorthelampef�ciency for eachgrating,thenumberof badpixelsfor eachgrating,
thenumberof countsin thelamp-off frames,the�x edpatternoisein two givenregions.
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Lamp �ux The �ux of thehalogenlampasmeasuredby thedetectordependson the intrinsic brightnessof
the lamp but alsoon the spectroscopicsettingandthe alignmentof optical elements.The lamp-off frameis
subtractedfrom the lamp-onframe. The �ux eson this differenceframeascomputedby the recipearemon-
itored from the parameterQC.SPECFLAT.NCNTSAVG (the standarddeviation of thosevaluesis given by
QC.SPECFLAT.NCNTSSTD). Day-timespectral�ats calibrationscomein � ve pairsof lamp-onandlamp-off
frames.Night time calibrations(attachedcalibrations)comeasonepair.

For eachlamp-onframethecorrespondinglamp-off frameis subtractedandthemedianis calculated.TheQC
parameterQC.SPECFLAC.OFFFLUX is theaverageof these5 values.

Bad pixels Thenumberof badpixelsfoundon themasterlamp�at aremonitoredfrom thevalueof QC.BP-
MAP.NBADPIX. The numberof bad pixel in the masterbad pixel map is given by the value of QC.MBP-
MAP.NBADPIX

Lamp-off �ux It is importantto monitor thelight/heatcontaminationin theopticalpath. The�ux measured
in lamp-off framesis usuallya few countsabove theresetanomalyat thesameDIT (thedarkcounts),sincea
broadband�lter is usedfor the lamp-off frames,while thedark framesaretaken with two excludingnarrow
band�lters.The pipelinemonitorsHIERARCHESOQCSPECFLAT OFFFLUX,thatis theaverageof the(� ve)
off-lamp medians.

Fixed Patter Noise ThepipelinecomputestheFixedPatternnoise,in a selectedregion on thearray. This is
a simplestandarddeviation of the �at productframe. The region is speci�ed in thesi_rec_m�at.rc�le. Two
regionsaremonitoredby parametersQC.LFLAT.FPN1andQC.LFLAT.FPN2.DuringtheobservingperiodP75
the�rst region wasthecentralquarter[@512,@512:@1536,@1536].In thesameobservingperiodthesecond
region wasanareaononesingleslitlet [@1350,@1000:@1390,@1200].

9.3.4 Parameters

parameter alias default
sinfoni.bp_norm.sigma_factor bp_norm-s_factor 5.0
sinfoni.bp_norm.method_index bp_norm-method_ind 1
sinfoni.bp_norm.factor bp_norm-fct 10.0
sinfoni.bp_norm.iterations bp_norm-it 8
sinfoni.bp_norm.low_rejection bp_norm-lo_rej 0.1
sinfoni.bp_norm.high_rejection bp_norm-hi_rej 0.1
sinfoni.bp_norm.llx bp_norm-llx 270
sinfoni.bp_norm.lly bp_norm-lly 1000
sinfoni.bp_norm.urx bp_norm-urx 310
sinfoni.bp_norm.ury bp_norm-ury 1200
sinfoni.bp_norm.threshold_index bp_norm-thr_ind TRUE
sinfoni.bp_norm.mean_factor bp_norm-mean_fct 100.0
sinfoni.bp_norm.min_cut bp_norm-min_cut 0.0
sinfoni.bp_norm.max_cut bp_norm-max_cut 5e+04
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sinfoni.lamp_�ats.low_rejection lamp_�ats-lo_rej 0.1
sinfoni.lamp_�ats.high_rejection lamp_�ats-hi_rej 0.1
sinfoni.lamp_�ats.interpol_index lamp_�ats-interpol_index FALSE
sinfoni.lamp_�ats.max_rad lamp_�ats-max_rad 4
sinfoni.lamp_�ats.bad_ind lamp_�ats-bad_ind FALSE
sinfoni.lamp_�ats.sigma_factor lamp_�ats-sigma_factor 5.0
sinfoni.lamp_�ats.factor lamp_�ats-factor 3.0
sinfoni.lamp_�ats.iterations lamp_�ats-iterations 8
sinfoni.lamp_�ats.bad_low_rejection lamp_�ats-bad_lo_rej 10.0
sinfoni.lamp_�ats.bad_high_rejection lamp_�ats-bad_hi_rej 10.0
sinfoni.lamp_�ats.llx lamp_�ats-llx 1350
sinfoni.lamp_�ats.lly lamp_�ats-lly 1000
sinfoni.lamp_�ats.urx lamp_�ats-rrx 1390
sinfoni.lamp_�ats.ury lamp_�ats-ury 1200
sinfoni.lamp_�ats.thresh_ind lamp_�ats-tresh_ind FALSE
sinfoni.lamp_�ats.mean_factor lamp_�ats-mean_factor 10.0
sinfoni.lamp_�ats.qc_fpn_xmin1 lamp_�ats-qc_fpn_xmin1 512
sinfoni.lamp_�ats.qc_fpn_xmax1 lamp_�ats-qc_fpn_xmax1 1536
sinfoni.lamp_�ats.qc_fpn_ymin1 lamp_�ats-qc_fpn_ymin1 512
sinfoni.lamp_�ats.qc_fpn_ymax1 lamp_�ats-qc_fpn_ymax1 1536
sinfoni.lamp_�ats.qc_fpn_xmin2 lamp_�ats-qc_fpn_xmin2 1350
sinfoni.lamp_�ats.qc_fpn_xmax2 lamp_�ats-qc_fpn_xmax2 1390
sinfoni.lamp_�ats.qc_fpn_ymin2 lamp_�ats-qc_fpn_ymin2 1000
sinfoni.lamp_�ats.qc_fpn_ymax2 lamp_�ats-qc_fpn_ymax2 1200
sinfoni.lamp_�ats.qc_thresh_min lamp_�ats-qc_thresh_min 0
sinfoni.lamp_�ats.qc_thresh_max lamp_�ats-qc_thresh_max 49000

9.4 si_rec_distortion

Therecipesi_rec_distortionis usedto computetheopticaldistortion.It alsocomputestherelative distancesof
theslitletsfrom the�rst one.

9.4.1 Input

/path_file_raw/ SI NFO.2 004- 08-1 6T13: 17:2 8. 050 .f it s FIBRE_NS
/path_file_raw/ SI NFO.2 004- 08-1 6T13: 16:5 6. 095 .f it s FIBRE_NS
/path_file_raw/ SI NFO.2 004- 08-1 6T13: 16:3 4. 352 .f it s FIBRE_NS
/path_file_raw/ SI NFO.2 004- 08-1 6T13: 16:1 4. 839 .f it s FIBRE_NS
......
/path_file_raw/ SI NFO.2 004- 08-1 6T13: 15:5 5. 156 .f it s FIBRE_NS
/path_file_raw/ SI NFO.2 004- 08-1 6T13: 16:5 5. 156 .f it s WAVE_NS
/path_file_raw/ SI NFO.2 004- 08-1 6T13: 17:5 5. 156 .f it s WAVE_NS
/path_file_raw/ SI NFO.2 004- 08-1 6T13: 18:5 5. 156 .f it s FLAT_NS
/path_file_raw/ SI NFO.2 004- 08-1 6T13: 19:5 5. 156 .f it s FLAT_NS
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/path_file_cdb/ neonK.t fi ts REF_LINE_ARC
/path_file_cdb/ dr s_ set up_wav e. tfi ts DRS_SETUP_WAVE
/path_file_cdb/ BP_MAP_H_025. fi ts BP_MAP **
/path_file_cdb/ SLIT _POS_H_025. fit s SLIT_POS **

With ** wehavelistedanadditionalframeswhicharerequiredonly if sinfoni.lamp_�ats.inter pol_index==TRUE
(usuallynot thecase).

9.4.2 Output

default recipe�le name PRO.CATG shortdescription
out_�at.�ts MASTER_FLAT_LAMP master�at �eld
out_bp_dist.�ts BP_MAP_DI “Above threshold”badpixel map
out_ns_stack_off.�ts FIBRE_NS_STACKED_OFF fake off framefrom FIBRE,NS
out_ns_stack_on.�ts FIBRE_NS_STACKED_ON fake on framefrom FIBRE,NS
out_ns_stack.�ts FIBRE_NS_STACKED fake on-off
out_wcal_stack.�ts WAVE_LAMP_STACKED stackedarcframe
out_slitlets_pos_predist.t�ts SLITLETS_POS_PREDIST computedslitletsedge

positionsbeforedistortioncorrection
out_distortion.t�ts DISTORTION computedopticaldistortions
out_ns_stack_warp.�ts FIBRE_NS_STACKED_DIST on-off framecorrectedfor distortions
out_ns.�ts MASTER_SLIT on-off framemultipliedby BPmap
out_distances.t�ts SLITLETS_DISTANCE computedslitlet distances

9.4.3 Quality control

Therecipesi_rec_distortiongeneratestheDISTORTION product,thatis aFITStablecontainingthecoef�cients
of theopticaldistortionpolynomial.Polynomialcoef�cients aremonitoredby QC.COEFFij,ij=00, 10,01,11,
20,02,21,12.

Sincethe coef�cients may be dif�cult, the optical distortion is appliedto � ve pointson the chip. Theseare
the four quadrantcentersand the centerof the array: (512, 512), (512,1536),(1536,512),(1536,1536)and
(1024,1024).The plot shows the locationof the � ve pointson the array(like the � ve symbolon a dice) and
theappliedshiftsin x (alonga row), enhancedby a givenfactor. Theopticaldistortionwill shift andshrinkthe
initial dice �gure. The QC parametersde�ned to monitor thoseshifts areQC.XSHIFT.CC,QC.XSHIFT.LL,
QC.XSHIFT.LR, QC.XSHIFT.UR,QC.XSHIFT.UL.

Thesecondproductof thenorthsouthtestrecipeis theSLITLETS_DISTANCESproduct,therelative distance
betweenthe32slitlets,monitoredby QC.SL.DISTi, =0,30.

Trendingdescribesthevariationof a QC1parameterwith time. Thefollowing QC1parametersaredetermined
andmonitored:

Therecipesi_rec_distortiondeterminesthedistortionin termsof polynomialcoef�cients
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C0 + C1X + C2 Y + C3 XY + C4 XX + C5 YY + C6XXY + C7XYY

Therecipealsodeterminestherelative pixel distancebetweenconsecutive slitlets,avaluearound64.

Distortion coef�cients : Thecoef�cients C0 to C7aremonitored

Referencepixelsshift : Distortioncoef�cients areappliedto � vepointson thechip.

Slitlets Distances : the averagedistancebetweenslitlets is monitoredtogetherwith his uncertaintyby QC
parametersQC.SL.DISTAVG,QC.SL.DISTRMS.

9.4.4 Parameters

parameter alias default
sinfoni.lamp_�ats.low_rejection lamp_�ats-lo_rej 0.1
sinfoni.lamp_�ats.high_rejection lamp_�ats-hi_rej 0.1
sinfoni.lamp_�ats.interpol_index lamp_�ats-interpol_index FALSE
sinfoni.lamp_�ats.max_rad lamp_�ats-max_rad 4
sinfoni.lamp_�ats.bad_ind lamp_�ats-bad_ind FALSE
sinfoni.lamp_�ats.sigma_factor lamp_�ats-sigma_factor 5.0
sinfoni.lamp_�ats.factor lamp_�ats-factor 3.0
sinfoni.lamp_�ats.iterations lamp_�ats-iterations 8
sinfoni.lamp_�ats.bad_low_rejection lamp_�ats-bad_lo_rej 10.0
sinfoni.lamp_�ats.bad_high_rejection lamp_�ats-bad_hi_rej 10.0
sinfoni.lamp_�ats.llx lamp_�ats-llx 1350
sinfoni.lamp_�ats.lly lamp_�ats-lly 1000
sinfoni.lamp_�ats.urx lamp_�ats-rrx 1390
sinfoni.lamp_�ats.ury lamp_�ats-ury 1200
sinfoni.lamp_�ats.thresh_ind lamp_�ats-tresh_ind FALSE
sinfoni.lamp_�ats.mean_factor lamp_�ats-mean_factor 10.0
sinfoni.lamp_�ats.qc_fpn_xmin1 lamp_�ats-qc_fpn_xmin1 512
sinfoni.lamp_�ats.qc_fpn_xmax1 lamp_�ats-qc_fpn_xmax1 1536
sinfoni.lamp_�ats.qc_fpn_ymin1 lamp_�ats-qc_fpn_ymin1 512
sinfoni.lamp_�ats.qc_fpn_ymax1 lamp_�ats-qc_fpn_ymax1 1536
sinfoni.lamp_�ats.qc_fpn_xmin2 lamp_�ats-qc_fpn_xmin2 1350
sinfoni.lamp_�ats.qc_fpn_xmax2 lamp_�ats-qc_fpn_xmax2 1390
sinfoni.lamp_�ats.qc_fpn_ymin2 lamp_�ats-qc_fpn_ymin2 1000
sinfoni.lamp_�ats.qc_fpn_ymax2 lamp_�ats-qc_fpn_ymax2 1200
sinfoni.lamp_�ats.qc_thresh_min lamp_�ats-qc_thresh_min 0
sinfoni.lamp_�ats.qc_thresh_max lamp_�ats-qc_thresh_max 49000
sinfoni.bp.method bp-method Normal
sinfoni.bp_dist.sigma_factor bp_dist-s_factor 2.0
sinfoni.bp_dist.method_index bp_dist-method_ind 1
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sinfoni.bp_dist.factor bp_dist-fct 999.0
sinfoni.bp_dist.iterations bp_dist-it 8
sinfoni.bp_dist.low_rejection bp_dist-lo_rej 0.1
sinfoni.bp_dist.high_rejection bp_dist-hi_rej 0.1
sinfoni.bp_dist.llx bp_dist-llx 1350
sinfoni.bp_dist.lly bp_dist-lly 1000
sinfoni.bp_dist.urx bp_dist-urx 1390
sinfoni.bp_dist.ury bp_dist-ury 1200
sinfoni.bp_dist.threshold_index bp_dist-thr_ind TRUE
sinfoni.bp_dist.mean_factor bp_dist-mean_fct 999.0
sinfoni.bp_dist.min_cut bp_dist-min_cut 0.0
sinfoni.bp_dist.max_cut bp_dist-max_cut 5e+04
sinfoni.stacked.low_rejection stack-lo_rej 0.1
sinfoni.stacked.high_rejection stack-hi_rej 0.1
sinfoni.stacked.�at_index stack-�at_ind TRUE
sinfoni.stacked.mask_index stack-mask_ind 1
sinfoni.stacked.ind_index stack-ind_ind FALSE
sinfoni.stacked.mask_rad stack-mask_rad 4
sinfoni.stacked.gauss_index stack-gauss_ind FALSE
sinfoni.stacked.kernel_half_width stack-khw 2
sinfoni.stacked.warp�x_ind stack-warp�x_ind TRUE
sinfoni.stacked.warp�x_kernel stack-warp�x_kernel tanh
sinfoni.stack.qc_thresh_min stack-qc_thresh_min 0
sinfoni.stack.qc_thresh_max stack-qc_thresh_max 64000
sinfoni.distortion.calib_indicator dist-calib_indicator TRUE
sinfoni.distortion.min_diff_mean_med_col_int dist-min_diff_mean_med_col_int 10.0
sinfoni.distortion.half_width dist-hw 7
sinfoni.distortion.sigma dist-sigma 2.0
sinfoni.distortion.fwhm dist-fwhm 2.0
sinfoni.distortion.min_amplitude dist-min_amplitude 5.0
sinfoni.distortion.max_residual dist-max_residual 0.5
sinfoni.distortion.n_a_coef�cients dist-n_a_coeffs 4
sinfoni.distortion.n_b_coef�cien ts dist-n_b_coeffs 2
sinfoni.distortion.sigma_factor dist-sigma_factor 1.5
sinfoni.distortion.write_coeffs_ind dist-wcoeff_ind TRUE
sinfoni.distortion.write_par_ind dist-par_ind TRUE
sinfoni.distortion.pixel_dist dist-pixel-dist 12
sinfoni.distortion.pixel_tol dist-pixel_tol 3.0
sinfoni.distortion.wave_map_ind dist-wave_map_ind FALSE
sinfoni.distortion.mag_factor dist-mag_factor 8
sinfoni.distortion.slit_pos_indicator dist-slit_pos_ind TRUE
sinfoni.distortion.�t_boltz_indicator dist-�t_boltz_ind TRUE
sinfoni.distortion.�t_edge_indicator dist-�t_edge_ind FALSE
sinfoni.distortion.estimate_indicator dist-estimate_ind FALSE
sinfoni.distortion.box_length dist-box_len 32
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sinfoni.distortion.y_box dist-y_box 5.0
sinfoni.distortion.diff_tol dist-diff_toll 2.0
sinfoni.distortion.qc_thresh_min dist-qc_thresh_min 0
sinfoni.distortion.qc_thresh_max dist-qc_thresh_max 64000
sinfoni.distortion.lower_rejection ns-lo_rejection 0.1
sinfoni.distortion.higher_rejection ns-hi_rejection 0.1
sinfoni.distortion.mask_ind ns-mask_ind FALSE
sinfoni.distortion.gauss_ind ns-gauss_ind FALSE
sinfoni.distortion.kernel_half_width ns-khw 2
sinfoni.distortion.ns_half_width ns-hw 4
sinfoni.distortion.ns_fwhm ns-fwhm 2.0
sinfoni.distortion.min_diff ns-min_diff 1.0
sinfoni.distortion.dev_tol ns-dev_tol 20.0
sinfoni.north_south_test.low_rejection ns-lo_rej 0.1
sinfoni.north_south_test.high_rejection ns-hi_rej 0.1
sinfoni.north_south_test.mask_ind ns-mask_ind FALSE
sinfoni.north_south_test.gauss_ind ns-gauss_ind FALSE
sinfoni.north_south_test.kernel_half_width ns-khw 2
sinfoni.north_south_test.half_width ns-hw 4
sinfoni.north_south_test.fwhm ns-fwhm 2.0
sinfoni.north_south_test.min_diff ns-min_diff 1.0
sinfoni.north_south_test.dev_tol ns-dev_tol 20.0

9.5 si_rec_wavecal

The recipesi_rec_wavecal is usedto determinethe wavelengthdispersioncoef�cients andconstructa wave-
lengthcalibrationmap.It alsodeterminesthepositionsof theedgesof eachslitlet.

9.5.1 Input

/path_file_raw/ SI NFO.2 004- 08-1 5T11: 26:4 9. 348 .f it s WAVE_LAMP
/path_file_raw/ SI NFO.2 004- 08-1 5T11: 26:1 9. 304 .f it s WAVE_LAMP
/path_file_cdb/ neonK.t fi ts REF_LINE_ARC
/path_file_cdb/ MASTER_FLAT_LAMP_K_100.f it s MASTER_FLAT_LAMP
/path_file_cdb/ MASTER_BP_MAP_K_100. fi ts MASTER_BP_MAP
/path_file_cdb/ DI STORTIO N_K. tf its DISTORTION
/path_file_cdb/ dr s_ set up_wav e. tfi ts DRS_SETUP_WAVE
/path_file_cdb/ SLIT _POS_K_100. tfi ts SLIT_POS

Theslitlet positiontable,classi�edasSLIT_POS,is anecessaryinput if theparameterwcal-slitpos_bootstrap
is setto FALSE, which we suggestfor robustness.As this is alsoa productof this step,we have provided a
completelist of mastercalibrationsfor this frameaspart of the datareductionkit. If the userwould like to
settheparameterwcal-estimate_indto TRUE, anadditionalinput tableto have a guessof theslitlet positions
mustbe provided, with the classi�cationSLIT_POS_GUESS.The usermay for exampleusefor this tablea
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copy of theappropriate(band,pre-optics)providedSLIT_POS.If theparameterwcal-calib_indicator is setto
FALSE, theuserhasto provide alsotheparabolic�t coef�cients table,to beclassi�edasWAVE_COEF_SLIT,
for exampletheonewhichcanbeobtainedrunningtherecipewith wcal-calib_indicator setto TRUE (default).

9.5.2 Output

default recipe�le name PRO.CATG shortdescription
out_stack_m�at_dist.�ts MFLAT_STACKED_DIST stackedFLAT,LAMP frames
out_wcal_stack.�ts WAVE_LAMP_STACKED stackedWAVE,LAMP frames
out_wavemap_ima.�ts WAVE_MAP wavelengthmap:wavelength=intensity
outCoeffsSlit.t�ts WAVE_COEF_SLIT parabolic�t coef�cients, for eachpixel
out_�t_params.t�ts WAVE_FIT_PARAMS parametersrelative to the�t of lines:

n_params:numberof rows in thetable,
line: increasingvalueof line ID ( 0-8)
fparNanddparNare�t paramsand
their errorsfor:
N meaning
0 Gaussianamplitude,
1 fwhm,
2 center,
3 background

out_slitpos.t�ts SLIT_POS slitletspositions

9.5.3 Quality control

Therecipemonitorstheresolvingpower, theoverall wavelengthdispersionoffset in ��� andpixels,theslitlets
positionin pixels.

Dispersionsolution TherecipereturnsseveralQC parameters.Amongthemtheaverageandmediancoef�-
cientsof thewavelengthsolution(QC.COEFi.AVG,QC.COEFi.MED,i=0,3). Themeasuredwavelengthcanbe
comparedagainsttheencodervalue(INS.GRAT1.WLEN)andthenominalvalues(e.g.2.2000��� for theS3_K
grating).Duringcommissioningthegratinghave beensetup in away thattheaverageandcentralwavelengths
coincideswith thenominalvalues.

Theresolvingpower is monitoredastheFWHM of the foundarc lines(QC.FWHM.MED,QC.FWHM.AVG)
dividedby thecentralwavelength.

Offset DFO monitorsthe offset betweenthe centralwavelengthas returnedby the recipeand the grating
encodervalue (measuredvalue minus encodervalue). Assumingthat the grating inizializes with the same
encodervalue,thisparameternominallymeasurestheintrinsicerrorsof thepipelinerecipe.

The offset betweennominalcentralwavelength(asgiven by 1.250J, 1.650H, 2.200K, 1.950H+K) andthe
correspondingmeasuredoneasgivenby thewavecalrecipein pixel units(measuredminusnominal)aremoni-
tored.
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Theoffsetbetweentheencodervalueandthenominalcentralwavelength,asgivenby 1.250J,1.650H, 2.200
K, 1.950H+K (encoderminusnominal)allows to monitorthepositionstability/variability of thegrating.

Overall wavelengthcalibration error Thevalueof QC.WAVE.POSERRindicatesanestimateof theoverall
positioningerrorfoundduringthewavelengthcalibration.

Maximum �ux The maximum�ux in an arc lamp frame,given by the valueof QC.FRMON.MAXFLUX,
givesanindicationof thearclampaging.

9.5.4 Parameters

parameter alias default
sinfoni.stacked.low_rejection stack-lo_rej 0.1
sinfoni.stacked.high_rejection stack-hi_rej 0.1
sinfoni.stacked.�at_index stack-�at_ind TRUE
sinfoni.stacked.mask_index stack-mask_ind 1
sinfoni.stacked.ind_index stack-ind_ind FALSE
sinfoni.stacked.mask_rad stack-mask_rad 4
sinfoni.stacked.gauss_index stack-gauss_ind FALSE
sinfoni.stacked.kernel_half_width stack-khw 2
sinfoni.stacked.warp�x_ind stack-warp�x_ind TRUE
sinfoni.stacked.warp�x_kernel stack-warp�x_kernel tanh
sinfoni.stack.qc_thresh_min stack-qc_thresh_min 0
sinfoni.stack.qc_thresh_max stack-qc_thresh_max 64000
sinfoni.wavecal.slitpos_boostrap_switch wcal-slitpos_bootstrap FALSE
sinfoni.wavecal.calib_indicator wcal-calib_indicator TRUE
sinfoni.wavecal.min_diff wcal-min_diff 1
sinfoni.wavecal.half_width wcal-hw 7
sinfoni.wavecal.sigma wcal-sigma 2.0
sinfoni.wavecal.fwhm wcal-fwhm 2.83
sinfoni.wavecal.min_amplitude wcal-min_amplitude 5.0
sinfoni.wavecal.max_residual wcal-max_residual 0.5
sinfoni.wavecal.n_a_coef�cients wcal-n_a_coeffs 4
sinfoni.wavecal.n_b_coef�cien ts wcal-n_b_coeffs 2
sinfoni.wavecal.sigma_factor wcal-sigma_factor 1.5
sinfoni.wavecal.write_coeffs_ind wcal-wcoeff_ind TRUE
sinfoni.wavecal.write_par_ind wcal-par_ind TRUE
sinfoni.wavecal.pixel_dist wcal-pixel_dist 12
sinfoni.wavecal.pixel_tol wcal-pixel_tol 3.0
sinfoni.wavecal.wave_map_ind wcal-wave_map_ind FALSE
sinfoni.wavecal.mag_factor wcal-mag_factor 8
sinfoni.wavecal.slit_pos_indicator wcal-slit_pos_ind TRUE
sinfoni.wavecal.�t_boltz_indicator wcal-�t_boltz_ind TRUE
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sinfoni.wavecal.�t_edge_indicator wcal-�t_edge_ind FALSE
sinfoni.wavecal.estimate_indicator wcal-estimate_ind FALSE
sinfoni.wavecal.box_length wcal-box_len 32
sinfoni.wavecal.y_box wcal-y_box 5.0
sinfoni.wavecal.diff_tol wcal-diff_toll 2.0
sinfoni.wavecal.qc_thresh_min wcal-qc_thresh_min 0
sinfoni.wavecal.qc_thresh_max wcal-qc_thresh_max 64000

9.6 si_rec_psf

Therecipesi_rec_psfreducesPSFstandarddata.It subtractsthesky, correctsfor the�at-�eld andresamplesthe
databy constructinga wavelengthcalibratedcubein which eachplaneis a monochromaticimageof theFOV.
Finally it measuresthePSFFWHM (x andy) andcomputestheinstrumentStrehlandtheencircledenergy.

9.6.1 Input

/path_file_raw/ SI NFO.2 004- 08-1 3T03: 26:1 2. 559 .f it s PSF_CALIBRATOR
/path_file_raw/ SI NFO.2 004- 08-1 3T03: 25:3 0. 323 .f it s SKY_PSF_CALIBRATOR
/path_file_cdb/ MASTER_BP_MAP_K_250. fi ts MASTER_BP_MAP
/path_file_cdb/ MASTER_FLAT_LAMP_K_250.f it s MASTER_FLAT_LAMP
/path_file_cdb/ WAVE_MAP_K_250. fit s WAVE_MAP
/path_file_cdb/ SLIT _POS_K_250. tfi ts SLIT_POS
/path_file_cdb/ SLIT LETS_DI STANCE_K. tf it s SLITLETS_DISTANCE
/path_file_cdb/ DI STORTIO N_K. tf its DISTORTION
/path_file_cdb/ FI RST_COLUMN. tf its FIRST_COL

9.6.2 Output

default recipe�le name PRO.CATG shortdescription
sky00.�ts SKY_STACKED_DUMMY stackedsky frame
out_sky_stack_dist.�ts SKY_STACKED_DIST stackedsky framedistortioncorrected
out_stack_m�at_dist.�ts MFLAT_STACKED_DIST stackedmaster�at

distortionscorrected
out_stack0.�ts PSF_CALIBRATOR_STACKED stackedPSFframes
out_sky_cube.�ts OBS_SKY sky cube
out_sky_med.�ts SKY_MED z-medianSKY_CUBE
out_m�at_cube.�ts MFLAT_CUBE Master�at cube
out_m�at_avg.�ts MFLAT_AVG z-meanof MFLAT_CUBE
out_m�at_med.�ts MFLAT_MED z-medianof MFLAT_CUBE
cube_obj00.�ts OBS_PSF PSFSTDcube
out_objnod.�ts COADD_PSF coaddedcube
out_med_cube.�ts MED_COADD_PSF z-medianof COADD_PSF
out_bpmap_nodding.�ts MASK_COADD_PSF COADD_PSF'smask
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ao_performance.t�ts AO_PERFORMANCE strehlinformation
encircled_energy.t�ts ENC_ENERGY encircledenergy information
out_psf.�ts MASTER_PSF z-medianof COADD_PSF

9.6.3 Quality control

Not yet implemented.

9.6.4 Parameters

parameter alias default
sinfoni.stacked.low_rejection stack-lo_rej 0.1
sinfoni.stacked.high_rejection stack-hi_rej 0.1
sinfoni.stacked.�at_index stack-�at_ind TRUE
sinfoni.stacked.mask_index stack-mask_ind 1
sinfoni.stacked.ind_index stack-ind_ind FALSE
sinfoni.stacked.mask_rad stack-mask_rad 4
sinfoni.stacked.gauss_index stack-gauss_ind FALSE
sinfoni.stacked.kernel_half_width stack-khw 2
sinfoni.stacked.warp�x_ind stack-warp�x_ind TRUE
sinfoni.stacked.warp�x_kernel stack-warp�x_kernel tanh
sinfoni.stack.qc_thresh_min stack-qc_thresh_min 0
sinfoni.stack.qc_thresh_max stack-qc_thresh_max 64000
sinfoni.objnod.autojitter_method objnod-aj_method 1
sinfoni.objnod.scales_sky objnod-scales_sky TRUE
sinfoni.objnod.ks_clip objnod-ks_clip TRUE
sinfoni.objnod.kappa objnod-kappa 2.0
sinfoni.objnod.size_x objnod-size_x 0
sinfoni.objnod.size_y objnod-size_y 0
sinfoni.objnod.n_coeffs objnod-no_coeffs 3
sinfoni.objnod.nord_south_index objnod-ns_ind TRUE
sinfoni.objnod.�ne_tuning_method objnod-�ne_tune_mtd P
sinfoni.objnod.order objnod-order 2
sinfoni.objnod.lower_rejection objnod-lo_rej 10.0
sinfoni.objnod.higher_rejection objnod-hi_rej 10.0
sinfoni.objnod.tolerance objnod-tol 2
sinfoni.objnod.jitter_index objnod-jit_ind TRUE
sinfoni.objnod.vllx objnod-vllx 0
sinfoni.objnod.vlly objnod-vlly 0
sinfoni.objnod.vurx objnod-vurx 0
sinfoni.objnod.vury objnod-vury 0
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9.7 si_rec_stdstar

Therecipesi_rec_stdstarreducestelluric standardstardata. It subtractsthesky, correctsfor the �at-�eld and
resamplesthedataby constructingawavelengthcalibratedcubein whicheachplaneis amonochromaticimage
of theFOV. Finally it performsa simpleextraction(sumof countsin eachplane)andcomputestheinstrument
ef�ciency.

9.7.1 Input

/path_file_raw/ SI NFO.2 004- 08-1 4T08: 13:0 6. 745 .f it s STD
/path_file_raw/ SI NFO.2 004- 08-1 4T08: 14:5 2. 101 .f it s SKY_STD
/path_file_cdb/ MASTER_BP_MAP_H_250. fi ts MASTER_BP_MAP
/path_file_cdb/ MASTER_FLAT_LAMP_H_250.f it s MASTER_FLAT_LAMP
/path_file_cdb/ WAVE_MAP_H_250. fit s WAVE_MAP
/path_file_cdb/ SLIT _POS_H_250. tfi ts SLIT_POS
/path_file_cdb/ SLIT LETS_DI STANCE_H. tf it s SLITLETS_DISTANCE
/path_file_cdb/ DI STORTIO N_H. tf its DISTORTION
/path_file_cdb/ FI RST_COLUMN. tf its FIRST_COL

9.7.2 Output

default recipe�le name PRO.CATG shortdescription
sky00.�ts SKY_STACKED_DUMMY stackedsky frame
out_sky_stack_dist.�ts SKY_STACKED_DIST stackedsky framedistortioncorrected
out_stack_m�at_dist.�ts MFLAT_STACKED_DIST stackedmaster�at frame

distortioncorrected
out_stack0.�ts STD_NODDING_STACKED stackedPSFframes
out_sky_cube.�ts OBS_SKY sky cube
out_sky_med.�ts SKY_MED z-medianof SKY_CUBE
out_m�at_cube.�ts MFLAT_CUBE master�at cube
out_m�at_avg.�ts MFLAT_AVG z-averageof MFLAT_CUBE
out_m�at_med.�ts MFLAT_MED z-medianof MFLAT_CUBE
cube_obj00.�ts OBS_STD STD STAR cube
out_objnod.�ts COADD_STD coaddedSTDSTAR cube
out_med_cube.�ts MED_COADD_STD z-medianof COADD_STD
out_bpmap_nodding.�ts MASK_COADD_STD COADD_STD'smask
out_std_star_spectrum.t�ts STD_STAR_SPECTRA extractedspectrum

andef�ciency information
starspectrum.�ts STD_STAR_SPECTRUM extractedspectrum1D image

9.7.3 Quality control

Not yet implemented.
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9.7.4 Parameters

parameter alias default
sinfoni.stacked.low_rejection stack-lo_rej 0.1
sinfoni.stacked.high_rejection stack-hi_rej 0.1
sinfoni.stacked.�at_index stack-�at_ind TRUE
sinfoni.stacked.mask_index stack-mask_ind 1
sinfoni.stacked.ind_index stack-ind_ind FALSE
sinfoni.stacked.mask_rad stack-mask_rad 4
sinfoni.stacked.gauss_index stack-gauss_ind FALSE
sinfoni.stacked.kernel_half_width stack-khw 2
sinfoni.stacked.warp�x_ind stack-warp�x_ind TRUE
sinfoni.stacked.warp�x_kernel stack-warp�x_kernel tanh
sinfoni.stack.qc_thresh_min stack-qc_thresh_min 0
sinfoni.stack.qc_thresh_max stack-qc_thresh_max 64000
sinfoni.objnod.autojitter_method objnod-aj_method 1
sinfoni.objnod.scales_sky objnod-scales_sky TRUE
sinfoni.objnod.ks_clip objnod-ks_clip TRUE
sinfoni.objnod.kappa objnod-kappa 2.0
sinfoni.objnod.size_x objnod-size_x 0
sinfoni.objnod.size_y objnod-size_y 0
sinfoni.objnod.n_coeffs objnod-no_coeffs 3
sinfoni.objnod.nord_south_index objnod-ns_ind TRUE
sinfoni.objnod.�ne_tuning_method objnod-�ne_tune_mtd P
sinfoni.objnod.order objnod-order 2
sinfoni.objnod.low_rejection objnod-lo_rej 10.0
sinfoni.objnod.high_rejection objnod-hi_rej 10.0
sinfoni.objnod.tolerance objnod-tol 2
sinfoni.objnod.jitter_index objnod-jit_ind TRUE
sinfoni.objnod.kernel_type objnod-kernel_typ tanh
sinfoni.objnod.vllx objnod-vllx 0
sinfoni.objnod.vlly objnod-vlly 0
sinfoni.objnod.vurx objnod-vurx 0
sinfoni.objnod.vury objnod-vury 0
sinfoni.std_star.low_rejection stack-lo_rej 0.1
sinfoni.std_star.high_rejection stack-hi_rej 0.1
sinfoni.std_star.fwhm_factor std_star-fwhm_fct 5.0
sinfoni.std_star.conversion_index std_star-conv_ind TRUE

9.8 si_rec_objnod

Therecipesi_rec_objnodreducessciencedata.It subtractsthesky, correctsfor the�at-�eld andresamplesthe
databy constructinga wavelengthcalibratedcubein which eachplaneis a monochromaticimageof theFOV.
Finally it coaddsall theobservedtargetcubecomponentsinto amosaic.
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9.8.1 Input

/path_file_raw/ SI NFO.2 004- 08-1 5T14: 02:1 8. 468 .f it s SKY_NODDING
/path_file_raw/ SI NFO.2 004- 08-1 5T14: 01:5 4. 844 .f it s OBJECT_NODDING
/path_file_raw/ SI NFO.2 004- 08-1 5T14: 01:3 2. 741 .f it s OBJECT_NODDING
/path_file_raw/ SI NFO.2 004- 08-1 5T14: 01:0 9. 827 .f it s SKY_NODDING
/path_file_raw/ SI NFO.2 004- 08-1 5T14: 00:4 1. 593 .f it s SKY_NODDING
/path_file_raw/ SI NFO.2 004- 08-1 5T14: 00:1 9. 119 .f it s OBJECT_NODDING
/path_file_cdb/ MASTER_BP_MAP_K_250. fi ts MASTER_BP_MAP
/path_file_cdb/ MASTER_FLAT_LAMP_K_250.f it s MASTER_FLAT_LAMP
/path_file_cdb/ WAVE_MAP_K_250. fit s WAVE_MAP
/path_file_cdb/ SLIT _POS_K_250. tfi ts SLIT_POS
/path_file_cdb/ SLIT LETS_DI STANCE_K. tf it s SLITLETS_DISTANCE
/path_file_cdb/ DI STORTIO N_K. tf its DISTORTION
/path_file_cdb/ FI RST_COLUMN. tf its FIRST_COL

9.8.2 Output

default recipe�le name PRO.CATG shortdescription
sky00.�ts SKY_STACKED_DUMMY stackedsky frame
out_sky_stack_dist.�ts SKY_STACKED_DIST stackedsky framedistortioncorrected
out_stack_m�at_dist.�ts MFLAT_STACKED_DIST stackedmaster�at

distortioncorrected
out_stack0.�ts OBJECT_NODDING_STACKED stackedPSFframes
out_sky_cube.�ts OBS_SKY sky cube
out_sky_med.�ts SKY_MED z-medianof SKY_CUBE
out_m�at_cube.�ts MFLAT_CUBE master�at cube
out_m�at_avg.�ts MFLAT_AVG z-meanof MFLAT_CUBE
out_m�at_med.�ts MFLAT_MED z-medianof MFLAT_CUBE
out_m�at_cube.�ts OBS_OBJ OBJcube

(intermediateproduct,there
mightbemorethanoneof those)

out_objnod.�ts COADD_OBJ coaddedOBJcube
out_med_cube.�ts MED_COADD_OBJ z-medianof COADD_OBJ
out_bpmap_nodding.�ts MASK_COADD_OBJ COADD_OBJ'smask

9.8.3 Quality control

Not yet implemented.

9.8.4 Parameters

parameter alias default
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sinfoni.stacked.low_rejection stack-lo_rej 0.1
sinfoni.stacked.high_rejection stack-hi_rej 0.1
sinfoni.stacked.�at_index stack-�at_ind TRUE
sinfoni.stacked.mask_index stack-mask_ind 1
sinfoni.stacked.ind_index stack-ind_ind FALSE
sinfoni.stacked.mask_rad stack-mask_rad 4
sinfoni.stacked.gauss_index stack-gauss_ind FALSE
sinfoni.stacked.kernel_half_width stack-khw 2
sinfoni.stacked.warp�x_ind stack-warp�x_ind TRUE
sinfoni.stacked.warp�x_kernel stack-warp�x_kernel tanh
sinfoni.stack.qc_thresh_min stack-qc_thresh_min 0
sinfoni.stack.qc_thresh_max stack-qc_thresh_max 64000
sinfoni.objnod.autojitter_method objnod-aj_method 1
sinfoni.objnod.scales_sky objnod-scales_sky TRUE
sinfoni.objnod.ks_clip objnod-ks_clip TRUE
sinfoni.objnod.kappa objnod-kappa 2.0
sinfoni.objnod.n_coeffs objnod-no_coeffs 3
sinfoni.objnod.nord_south_index objnod-ns_ind TRUE
sinfoni.objnod.�ne_tuning_method objnod-�ne_tune_mtd P
sinfoni.objnod.order objnod-order 2
sinfoni.objnod.low_rejection objnod-lo_rej 10.0
sinfoni.objnod.high_rejection objnod-hi_rej 10.0
sinfoni.objnod.tolerance objnod-tol 2
sinfoni.objnod.jitter_index objnod-jit_ind TRUE
sinfoni.objnod.kernel_type objnod-kernel_typ tanh
sinfoni.objnod.vllx objnod-vllx 0
sinfoni.objnod.vlly objnod-vlly 0
sinfoni.objnod.vurx objnod-vurx 0
sinfoni.objnod.vury objnod-vury 0

9.9 si_utl_skymap

This recipe,usedto generatea specialbadpixel mapinput of the SINFONI RTD is usedto supportParanal
operations.It �ags sky linesasbadpixels.

9.9.1 Input

Inputaresky frameswith tagSKY

/path_file_raw/ SI NFO.2 004- 08-1 4T08: 14:5 2. 101 .f it s SKY
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9.9.2 Output

Theoutputimage,amapof thesky lines,is calledout_skymap.�ts

9.9.3 Parameters

parameter alias default
si_rec_skymap.ysize ysize 30
si_rec_skymap.xsize xsize 1
si_rec_skymap.thresh thresh 30.0

We list herefor differentpre-opticsandbandsthesuggestedparametervalues:

grating scale_out DIT scale_in threshold window
J 0.025 300 0.1 30.0 30
J 0.1 300 0.1 30.0 30
J 0.25 300 0.25 50.0 30
H 0.025 300 0.1 50.0 30
H 0.1 300 0.1 50.0 30
H 0.25 300 0.25 100.0 30
K 0.025 300 0.1 70.0 30
K 0.1 300 0.1 70.0 30
K 0.25 300 0.25 200.0 30
H+K 0.025 300 0.1 100.0 30
H+K 0.1 300 0.1 100.0 30
H+K 0.25 300 0.25 300.0 30

9.10 si_utl_bp_mask_add

This recipeperformsbadpixel mapcoaddition.

9.10.1 Input

Theinput �les areseveral(at least2) badpixel masks.Their tagshouldcontainthestringBP_MAP.

/path_file_cdb/ BP_MAP_NL_K_100.fi ts BP_MAP_NL
/path_file_cdb/ BP_MAP_NO_K_100.fi ts BP_MAP_NO
/path_file_cdb/ BP_MAP_HP_K_100.fi ts BP_MAP_HP

9.10.2 Output

Theoutputis animageresultingfrom thelogicaloperatorORappliedto all themasks.
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9.10.3 Parameters

Therecipeoutput�lename for theproductis bp_map_sum.�ts

9.11 si_utl_ima_arith

This recipeperformsimagecomputation.

9.11.1 Input

Theinput �les are2 imagesandtheir associatedtagsshouldbeIMA.

/path_file/ima1 .f it s IMA
/path_file/ima2 .f it s IMA

9.11.2 Output

The output is an imageresultingfrom IMA op IMA whereop indicatesthe operationto be performed. If a
numericalvalueis speci�edatcommandline this is subtractedto the�rst input image.

9.11.3 Parameters

parameter alias default
si_utl_ima_arith.op op +
si_utl_ima_arith.value value 9999.0

9.12 si_utl_cube2ima

This recipeperformscubeto imageconversion.

9.12.1 Input

Theinput �le is acube.Its tagshouldbeCUBE.

/path_file/cube .f it s CUBE

9.12.2 Output

The output is an imageresultingfrom the averageof the cubeover a wavelengthrangewhich canbe setby
parameterssinfoni.si_utl_cube2ima.ws,sinfoni.si_utl_cube2ima.wehaving aliases'ws' 'we'. Therecipeoutput
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�lename for theproductis out_ima.�ts

9.12.3 Parameters

parameter alias default
si_utl_cube2ima.ws ws 0.9999
si_utl_cube2ima.we we 2.999

9.13 si_utl_cube2spectrum

This recipeperformscubeto 1D spectrumimageconversion.

9.13.1 Input

Theinput �les is a cubeIts associatedtagshouldbeCUBE.

/path_file/cube .f it s CUBE

9.13.2 Output

Theoutputis animageresultingfrom thecubemanipulatedaccordingto thevalueof theparameterop. overan
apertureasspeci�edby theparametersinfoni.si_utl_cube2spectrum.aperture having alias'op', 'ap'.

Therecipeoutput�lename for theproductis out_spec.�ts

9.13.3 Parameters

Possibleoperationsare: average,clean_mean,median,sum. If thechosenoperationis a cleanmeanonemay
de�ne its lower andupperthresholdcutsby settingparameterslo_rej andhi_rej. Possibleaperturesare: rect-
angle,circle. If thechosenapertureis a rectangle,its cornercoordinatescanbesetwith theparametersllx, lly,
urx, ury (lower left x,y andupperright x,y). Thoseparametersfollow theC-styleconvention: arraysstartat 0
andendat size-1. If thechosenapertureis a circle, its positionandsizecanbesetby theparameterscenterx,
centery, radius.

parameter alias default
si_utl_cube2spectrum.op op average
si_utl_cube2spectrum.ap ap rectangle
si_utl_cube2spectrum.llx llx 2
si_utl_cube2spectrum.lly lly 2
si_utl_cube2spectrum.urx urx 28
si_utl_cube2spectrum.ury ury 28
si_utl_cube2spectrum.lo_rej lo_rej 10
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si_utl_cube2spectrum.hi_rej hi_rej 10
si_utl_cube2spectrum.centerx centerx 16
si_utl_cube2spectrum.centery centery 16
si_utl_cube2spectrum.radius radius 5

9.14 si_utl_cube_arith

This recipeperformscubearithmetics.If a parametervalueis speci�ed it is assumedthat the input frameis a
cubewith tag CUBE. Elsethe input �les area cubeandan imageor a spectrumtheir associatedtagsshould
be respectively CUBE, IMA or SPECTRUM. The output is a cube(PRO.CATG=CUBE) resultingfrom the
operationCUBE op IMA or CUBE op SPECTRUM or CUBE op valuewhereop indicatestheoperationto be
performed.

9.14.1 Input

/path_file/cube .f it s CUBE
/path_file/spec tr um.fi ts SPECTRUM

or

/path_file/cube .f it s CUBE
/path_file/imag e. fi ts IMA

9.14.2 Output

Therecipeoutput�lename for theproductis out_cube.�ts

9.14.3 Parameters

parameter alias default
si_utl_cube_arith.op op /
si_utl_cube_arith.value value 99999.0

9.15 si_utl_spectrum_divide_by_blackbody

This recipedividesaspectrumby aBlackBodyspectrumof giventemperature.

9.15.1 Input

Theinput �le is aspectrum.Its associatedtagshouldbeSPECTRUM.
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STD_STAR_SPECTRUM.f its SPECTRUM

9.15.2 Output

The output is a spectrumresultingin the division of the input spectrumby a Black Body spectrumof given
temperature(parameter' temp').

Therecipeoutput�lename for thecubeproductis out_ima.�ts

9.15.3 Parameters

parameter alias default
si_utl_spectrum_arith.temp temp 1e+05

9.16 si_utl_spectrum_wavelength_shift

This recipeshift aspectrumin wavelengthaccordingto valueof theinputparameter'method'.

9.16.1 Input

Theinput �le is aspectrum.Its associatedtagshouldbeSPECTRUM.

STD_STAR_SPECTRUM.f its SPECTRUM

9.16.2 Output

Theoutputis aspectrumresultingby asimplewavelengthshift (parameter'shift').

Therecipeoutput�lename for thecubeproductis out_ima.�ts

9.16.3 Parameters

parameter alias default
si_utl_spectrum_arith.method method S
si_utl_spectrum_arith.shift shift 0.1

Thespectrumis shiftedby shift to subpixel accuracy resamplingtheintensityof thepixelsusingeitheraspline
approximation(method=S)or apolynomialapproximation(method=P).
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10 Algorithms and recipedetails

In this sectionwe describethemainalgorithmsimplementedin theSINFONI pipelinerecipes.Relevantdata
reductionparametersaretypedin bold face.For convenienceweomit thecommonpre�x sinfoni. for therecipe
descriptionaswell asthesteppre�x namefor thealgorithmdescription.

10.1 Algorithms

10.1.1 Frame stacking

Theinput imageframesarestackedto build acube.Eachplaneof thecubecorrespondsto aninput image.

10.1.2 Averagewith rejection

In thisdocumentweuseoftentheterminologycleanmean, cleanaverage, or averagewith rejection. With those
termswe meanthat it is computeda meanof a list of valuesby avoiding outlier valueslike for examplebad
pixels,andtherefore,thisoperationyeldsabetterSNRthanasimplemean.In casethevaluesto beaveragedare
pixelsintensitiesof severalimagesstackedin acube,themeanalongthez axisof thecubeis computedateach
x,y pixel afterhaving rejectedtheintensityvalueswhichlie outsideaninterval [low_rejection,high_rejection].

10.1.3 Detectornon linearity computation

� Method1

Fromtheinput setof raw �at frames,“off ” and“on” framesareextractedandput in two sets.A pair of
“on” and“off ” frameswith sameDIT is selectedfrom eachset. Then,for eachframepair
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Thenonlinearcoef�cient of the�t is thedetectornonlinearityparameter.

� Method2

The input �at �eld frameswith in/decreasingintensityarestacked in a cubeandfor eachpixel position
the dependenceof eachplanepixel intensitywith respectto the whole planecleanaverageintensity is
determined.This curve is �t with a polynomialof orderorder. In the stackingprocesslow andhigh
intensitypixelsmayberejectedby properlysettingtheparameterslow_rejection andhigh_rejection. A
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cleanmeanof all polynomialsis computed.Thepixelswhoseintensityconstant( �

+

�

'��

) or slope( �

+

�

'��

)
coef�cients exceedthemeanby thr esh_sigma_factortimesthestandarddeviation of thepixel intensity
arerejected.Pixelswhosenonquadraticcoef�cient exceedsnon_lin_thresholdarerejected.

Thusamapof thepixelswhichdonothavea linearsensitivity is generated,togetherwith a tablecontain-
ing thepolynomialcoef�cients: thenon-lineartermsgive anestimateof thedetectornon-linearity.

10.1.4 Nearestneighboursbad pixel cleaning

This methodis appliedin therecipessi_rec_m�atandsi_rec_distortionto cleanthebadpixelsof a �at frame.
Thealgorithmis controlledby theparametersmethod_indexandfactor, and,if method_indexis 4, thebad
pixel cleaningis repeatediterations times.
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Figure10.1.0: A badpixel is indicatedin black. If method_indexis 1,2 or 4 this is correctedevaluatingthe
eightnearestneighbourspixel intensities(a). If method_indexis 3, thefour closestpixelsalongthedispersion
directionareconsidered(b).

� If method_indexis 1, for eachimagepixel intensity,
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– If theparameterfactor is setto zero:
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– If theparameterfactor is negative:
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– If theparameterfactor is positive:
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� If method_indexis 2, theabsolutedistances�
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of theeightnearestneighbourspixels � arecomputed
for eachbadpixel
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Themediandistanceandits standarddeviationarethencomputedas:
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� If method_indexis 3, the intensitiesof the four closestpixels in spectraldirectionareconsideredand
their meanintensityis computedfor eachbadpixel

�

as:
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� If method_indexis 4, the local clean(low_rejection, high_rejection) standarddeviation �
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in a box (llx, lly, urx, ury) is computed.Thenthedifferenceof thepixel andthemedianof thenearest
neighboursis computedby usingtheeightclosestpixelsof everypixel.
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The previous operationsarerepeatedfor (iterations) timesto be ableto considersmall clustersof bad
pixels.
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10.1.5 Detectorgain computation

Thegainis computedaspartof therecipesi_rec_detlin.

Pairs of consecutive off-�ats (be thosefrm_off1 and frm_off2) and pairs of consecutive on-�ats (be those
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and
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arecomputed.

Finally thegainis givenby:
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10.1.6 ReadOut Noisecomputation

All possibleconsecutive pairshaving the sameDIT areextractedfrom the input setof frames.For eachpair
thesecondframeis subtractedfrom the�rst one.Thenthenoiseis computedin a region de�ned by parameters
xmin, xmax, ymin, ymax, over nsamp sampleseachof sizehsizetaken randomlyin the given region. The
noisemultipliedby

�

�


����

, whereNDIT thenumberof DIT repetitions,givesthereadoutnoise.

10.1.7 Fixed Pattern Noisecomputation

TheFPNis computedin thesameway astheRON but it is appliedto a masterdark/�at. Thefactor
�

�


����

doesnotapply.

10.1.8 Line position determination

Thelocationsof thearclamplinesaredeterminedon anarclampframe,input of therecipesi_rec_wavecalor
si_rec_distortion.

� For eachdetectorcolumn,aninitial guesswavelengthis assignedto eachdetectorrow pixel by usingthe
pixel row valueandtheinput initial guessvaluefor thestartingwavelength,(begin_wave), thelinearand
quadratictermsof the dispersion(guess_disp1andguess_disp2) at thegiven instrumentsetting. Then
thedetectorrows correspondingto eachentryof thereferenceline list areidenti�ed. Line positionsand
intensitiesgiven by the referenceline tableareassignedto thosecolumns. A delta-shapedspectrumis
obtainedin this way. This spectrumis convolved with a Gaussianpro�le of given sigma. A pixel shift
is obtainedby correlatingthis arti�cial line spectrumwith thearc lampframespectrum.Thecorrelation
takesinto accountonly thoselineswhoseintensityis greaterthana thresholdsetby parametermin_diff .
Thusoneobtainsaccuratevaluesfor thepositionandthewavelengthassignedto eachimageposition.

� To determinethe dispersionrelation(see10.1.9)moreaccuratelythe recipeselectsandusesonly line
identi�cationswhosedistancefrom thenearestneighbouris greaterthanhalf_width pixels.
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� Therecipe�nally determinesseveral listsof line positions:

– a line list of row indecesfor theline positions;

– acleanlist of well separatedline positions;

– a list of wavelengthscorrespondingto theraw positions;

– a list of wavelengthscorrespondingto thecleanraw positions.

Thoselistsallow to associateeachemissionline in eachspectrumwith anapproximatepixel positionand
theexactwavelength.

10.1.9 Dispersionrelation and wavelengthmap determination

� A Levenberg-Marquardt�t of a Gaussianpro�le of givenfwhm is performedconsideringtheraw posi-
tions which lie in regionsde�ned by boxesof half-sizehalf_width, eachcenteredat the line positions
determinedby the algorithmdescribedin 10.1.8. The �t is restrictedto the lines whoseamplitudeis
greaterthanmin_amplitude with respectto thebackground.This �t allows to determineeachline posi-
tion with subpixel accuracy.

� Detectordefectsmay lead to erroneousline detections. To prevent thesemisidenti�cations the �t is
limited to lineswhich lie no morethanpixel_tolerancepixelsfrom thecorrespondingposition,obtained
assumingalineardispersionguess_disp1model.Possibleoutliersare�aggedby settingtheline-position
parameterof the�t to zero.

� For eachimagecolumn,apolynomial�t of degreen_a_coef�cientsandcoef�cients
�

�

+
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is performed,
soasto determinethedispersionrelationbetweenthelistedwavelengthvalues
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Datapointswhich lie beyond max_residualspixels from the corresponding�t valueare rejected. In
the �t eachdatapoint is weightedby a factorproportionalto the productof the guessdispersionvalue
guess_disp1andtheerrorassociatedwith eachpositionpoint from thepreviousGaussian�t.

� Thenthepositionsof theslitlet edgesaredetermined.Offsetcoef�cients
�

�

+

�

'

� resultingfrom thepoly-
nomial �t for adjacentcolumnsarecompared.Whenthey differ by morethanpixel_dist*guess_disp1,
it is assumedthat this is dueto the crossingof a slitlet's edge. Herepixel_dist indicatesthe minimal
distancein pixelsbetweenadjacentslitletsmeasuredalongthewavelengthdirection.Thisprovidesa �rst
approximationof theslitlets' edges.

� A cleanaverageof thecoef�cients is determinedby rejectingtheextreme10%low andhigh valuesand
performingakappa-sigmaclipping,wheretheconstantkappais setby sigma_factor.

� Thena singularvaluedecomposition�t of the polynomialcoef�cients is performedacrossthe spatial
extent of eachslitlet usinga polynomialof low degreen_b_coef�cients andthe smoothedpolynomial
coef�cients

�

�

+

�

'
6�� 3

arecomputedanew.
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� Finally a wavelengthmapis built by associatingwith eachimagepixel a wavelengthcorrespondingto
thevalueresultingfrom thepolynomial�t of degreen_a_coef�cients. Theintensity
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imagepoint
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is thenumberof raws of theimage.

10.1.10 Line shift computation

Therecipesearchesfor the� vebrightestlinesin eachcolumnof theinputarclamp.Theshift betweeneachline
positionon theframeandtheoneresultingfrom thepolynomialdispersionrelationof degreen_a_coef�cients
obtainedin 10.1.9is computed.Finally theoverallwavelengthcalibrationerroris computedasthecleanaverage
of the shifts obtainedafter removing 10% of the outliers. Thenthe wavelengthpositioningerror at different
wavelengthsis computedin asimilar way. This valueis monitoredfor quality control.

10.1.11 Dispersionrelation adjustment

If adispersionrelationandawavelengthmaparealreadyavailableonemaystill wantto adjustthemto properly
matchthegivenarclampframe.

Thepositionsof theslitlets' edgesareinitially determinedby checkingthatthevaluesof thezeroordercoef�-
cient

�
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' �

for adjacentimagecolumnsdiffer by morethanguess_disp1
�

pixel_dist.

An arti�cial spectrumis generatedby convolving eachentryof thereferenceline list with aGaussianof position
andintensityasgivenby thereferenceline tableandasigmaequalto
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Badandnegative pixelsare�ltered out from theinput imageanda low-pass�lter of half width mag_factor is
applied.Theresultingcleanedandsmoothedimageis convolved with thearti�cial spectrumto computetheir
shift, themaximumof thecorrelationvalueandthepositionat which this maximumis reached.

A new valueof thezeroorderdispersioncoef�cients
�
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is determined.A cleanmeanis performedon the
dispersioncoef�cients
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andnew valuesfor thecleandispersioncoef�cients
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aredeterminedwith
asinglevaluedecomposition�t over eachslitlet spatialdomain.

Finally a new wavelengthmapis generatedusingthe cleandispersioncoef�cients
�
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' �

asdescribedat the
endof section10.1.9.
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10.1.12 Slitlet position computation

In orderto be ableto reconstructtheoriginal observed imageout of the raw imagethepositionsof theedges
of eachslitlet mustbedeterminedaccurately. The32 slitletsmustbestacked oneon top of theotherby using
accuratereferencepositions,otherwisethe resultingimagerows would be shiftedwith respectto the others
yeldingweird images.

To determinetheslitlets positionsan exposureof an arc lamp is used.Theslitlets edgesareclearly visible if
looking at a bright, stand-aloneemissionline (for exampleseeFigure6.2.0(d)). Suchanemissionline canbe
usedto determinethe absolutepositionsof the left andthe right edgeof eachslitlet usinga non-linearleast
square�t of anappropriate�tting function.

Two methodsare possibleto determinethe slitlet positions. They differs only for the choiceof the �tting
function.

Initially the brightestlines aresearchedin the imagecolumndomaincorrespondingto the �rst slitlet. From
this list the lineswhich have a bright neighbourwithin y_box pixels are�ltered out. Thena �rst estimateof
theslitlet edgesis performed:a slitlet edgeis reachedwhenthe�rst (offset)dispersioncoef�cient �

+

�

' �

hasa
variationgreaterthany_box. Thosevaluesarecheckedto removemisidenti�cationspossiblydueto badpixels.

Thentheimageintensityvaluesof themaximareachedin eachslitlet aredeterminedby searchingin rectangular
boxescenteredateachslitlet positionsedge(j) eachof sizey_boxalongthespectraldirection,andsizeedge(j)-
edge(j-1) + 2

�

box_lengthalongthespatialdirection.

In casetheusersetstheparameterwcal-estimate_indvalueto TRUE thesearchof theimageintensitymaxima
is limited to theinterval [lo_pos,hi_pos] alongthespectraldirection.

Theminimumvalueof themaximais determinedto have aninitial valueof thebackroundintensityat which a
slitlet edgedetectionshouldbetriggered.Thelist of maximais dividedin two setsandon eachdataseta least
square�t is performedwith anappropriate�tting function.

The Edgemethodusesin the non-linear�t a linear stepfunction that meansa linear function betweentwo
positionswith two constantbackgroundsto the left andto theright of theslitlet positions.Freeparametersof
the�t arethetwo positionsof theleft andright backgroundvalues.Themeanof both�tted positionsis usedas
resultingleft or right slitlet edgeposition.

TheBoltzmannmethodusesas�tting functiona sigmoidalBoltzmannfunction,which describesthetransition
betweentwo values:
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where
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is theleft backgroundvalue,
�

�

is theright backgroundvalue, �

1

is thewidth of thetransitionregion
and

1 �

is thecenterof the transitionregion (turningpoint of thefunction). Freeparametersof the �t areboth
thebackgroundvalues,thewidth �

1

andthecenter
1 �

, which is thenusedasleft or right slitlet edgeposition.
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10.1.13 Slitlet distancescomputation

The slitlet distancesarecomputedon a framewhich is the resultof an averagewith rejectionperformedon
several (usually75) �bre frames. Eachframehasthe �rst columnof a few slitlets illuminatedby the light
comingfrom a �ber.

For eachraw of thestackedframethefollowing operationsareperformed:

� Thepixel positionswhoseintensityis greaterthanthreetimesthemeanof the imagearedeterminedon
the stacked, distortioncorrected,�bre frame. This generatesfor each�bre of the input framea setof
columnswheretheintensityis greaterthanthemeanof theframe.

� The intensitymaximumof eachcolumnis accuratelydeterminedby comparingimagepixel intensities
in a spatialrangeof sizehalf_width centeredat eachcolumnpositionof thefoundset. Possiblewrong
columndetections,dueto badpixels,canbe�aggedby verifying thatthefoundpositionhasavaluewhich
differsfrom theoneof thepreviousslitlet by estimated_distwith a tolerancedev_tol.

� A leastsquare�t with a Gaussianfunction of FWHM fwhm is performedto preciselylocatethe �bres
andthusdeterminetheslitlet positions.

In this way onedeterminesfor eachimageraw the slitlets' positionsandcanbuild their relative difference.
Makingameanof thoserelative distancesalongthespectraldirection,excludingistancesfor which therelative
distancediffers from theestimated_distanceby morethandev_tol, one�nally �nds 31 valuesof therelative
slitlet distances.

10.1.14 Cubeconstruction: resampling

Thealgorithmdescribedbelow is executedby recipessi_rec_psf,si_rec_stdstar, si_rec_objnod.Givenasource
imageanda correspondingwavelengthcalibration�le, animageis producedin which elementsin a givenrow
areassociatedwith a singlewavelength. In this way the wavelengthshifts betweenadjacentelementsin the
rows of the input imagearecorrected. The output imagein the wavelengthdomainis larger than the input
image.Dueto thebrick wall patternof theraw frames,somepixelsin the�rst andlastfew rowshaveunde�ned
valuesthatare�agged by settingthemto NAN. Thedistribution of theseunde�nedvaluesvariesfrom column
to column. The input imageis resampledat discretewavelengthintervals usinga polynomialinterpolationof
degreen_coeffs. Differentvaluesof thewavelengthsamplingsizeandthecentralwavelengthareusedfor each
observedband.Thus,eachrow hasade�ned wavelengthfor eachobservedband.

Sinceeachframerow is now associatedwith a de�ned wavelength,eachrow is usedto constructan image
whichhasade�ned wavelength.This is doneby stacking32slitletsoneachother, of whicheachconsistsof 64
spatialpixels(calledalsospaxels).Dueto thefactthattheslitletslengthis notexactly64pixelsandthedistance
betweenslitlets is not exactly 64 pixels theedgepositionsof theslitletsmustbeknown to sub-pixel accuracy
(see10.1.12). Furthermore,the slitlets mustbe sortedin the correctsequence(seeFigure3.1.0(bottom)or
Figure6.1.0(b)) to getthecorrectsequenceof therows in the�nal images.

Thecentersof eachslitlet on theresampledimagearedeterminedby averagingtheedgepositionsof theslitlets
computedasdescribedin 10.1.12to get thecenterpositions.Thenthecentersof theslitletson theraw image
areadjustedon thecentersof thecorrespondingrawsof thestackeddatacubeimages.Sinceonly integerpixels
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canbeusedasub-pixel erroris madeatcentering,which is storedandusedto shift therows in thereconstructed
imagesof thedatacubeto thecorrectsub-pixel positionusingauserde�nablemethod(objnod-�ne_tune_mtd).
As the edgesof the left-mostor right-mostslitlets may be too nearto or fall outsidethe imagemargins, then
the�tting of theedgesmayfail. Thentheslitletsdistancesdeterminedasdescribedin 10.1.13mustbeusedto
accuratelyaligneachslitlet in the�nal reconstructedimageplane.

10.1.15 Cubecoaddition

Eachcubecomponentis vignettedchoppingout from eachcubeplaneleft as many pixels as speci�ed by
parametersvllx, vlly, vurx, vury (defaultedto 0, 0, 0, 0). As consequenceof this theactualcornercoordinates
of eachcubeplanebeingcoaddedare:
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If sky_scales== TRUE, beforecubecoaddition,thespatialmedianof eachcubeplaneis subtractedfrom each
contributingcubeplaneto removesky backgroundresidualspossiblynotcorrectedin thepreviousdatareduction
steps(e.g.duringtheframestacking),for exampledueto sky variationswith time.

Eachtarget objectoffset is determinedby readingthe HIERARCH ESOCUMOFFSETX/YFITS keywords.
The exposuretime correspondingto eachtarget acquisitionis readfrom the FITS header. Then the recipe
computesthe minimum sizeof the crosssectionalong the z-axisof a parallelepipeduswhich cover the full
observed �eld of view anddeterminestheoffsetsto apply to eachcubecomponentto properlymerge themin
thecoaddedcube.

In thismanualthe3D frameobtainedaftercubecoadditionis oftencalledcubefor simplicity.

Theneachcontributing cubeplaneis shiftedto locateit in its properpositionin thecoaddedcube.Eachpixel
intensityof thecoaddedcubehasanintensitygivenby theweighedmeanof theintensitiesof eachcorresponding
overlappingpixel from thecontributingcubes,theweightbeinggivenby theexposuretimeof eachtargetframe.

If ks_clip == TRUE, in thecubecoadditionstepa kappa-sigmaclipping of thecontributing overlappingpixels
intensitiesis performedusingauserde�ned valueof kappa.

10.1.16 Estimation of the sky from object frames in casethe input setis missingsky frames

Sinceit is possiblethat thereis no time for the acquisitionof sky frameswhenexecutinga scienceOB, it is
necessaryto provide aproperalgorithmcapableof providing agoodestimateof thesky.

TheSINFONIpipelinesupportsthreemethods,eachcorrespondingtodifferentvaluesof theparameteraj_method.
If aj_method is 0 no sky is estimatedandthusno sky is subtracted.If aj_method is 1, thenfor eachobject
observation the algorithmusesthe objectexposurewith the closestMJD-OBSasan approximationof a sky
exposure.If aj_method is 2 thesky is givenby amedianof all thecontributing objects.

Providedthatthetargetobjectpositionsin theacquiredframesareseparatedby at leastthreetimestheFWHM
of theobject,thedatareductionschemeimplementedfor thecaseaj_method=1 shouldprovideanaccuratesky
estimation.If this is not thecasetheusermaysetaj_methodto 2 or try to subtractthesky beforedatareduction
andthenreducethesky-subtracteddataasscienceobjectframeschoosingaj_method=0.
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If aj_method is 1 eachcontributing cube(andthecoaddedcube)will show regionswith negative intensity.

If aj_method is 1, ks_clip == TRUE, andeachcontributing frame�lls mostof theFOV (for examplebecause
thechosencamerascaleis 25 mas)theusermayhave to usea valueof kappa greaterthanthedefault, which
is setto 2, to preventthatsomeobjectpoint is clipped,which couldresultpossiblyin local spikesin theobject
spectrum.

10.1.17 Ef�ciency computation

The estimationof the ef�ciency, i.e. the throughputof the atmosphere+telescope+instrument, is describedin
thissection.

1. The �ux on thedetectoris convertedto unitsof ergs/s/cm� /Å for a starwith 0
���

magnitude.Thequanta
arephotons.

� Thefollowing operationsareappliedto thewavelength-calibrated, extractedspectra.Thesignalis
integratedoveranareaof � veFWHM of theinputsourcePSFto ensurethatall thelight is included.

� This spectrumis rescaledby

(a) dividing by theDIT,
(b) dividing by thesurfacearea,A, of M1 in cm� ,
(c) multiplying by theGain(2.42),

(d) multiplying this by the�ux ratio of theobservedstaranda0thmagnitudestar, i.e. 10
�����

�	� 
 ,
(e) dividing by thedispersion(Å perpixel),
(f) multiplying by theenergy of thephoton(

�

�

� ).

This correspondsto multiplying thespectrumby thefollowing factor:
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wherethefollowing numericalvaluesfor thephysicalconstantsareused:
h = 6.62618e-34Js(Planckconstant)
c = 2.998e8m/s(Speedof Light)
k = 1.3807e-23J/K (Boltzmannconstant)

2. Therecipecomputesthetheoreticalspectrumof a
�����

magnitudestarin unitsof ergs/s/cm� /Å

Thefollowing methodis inaccuratefor spectraltypesthatarenotA0V.

� Theratio betweenthe�ux from a blackbodyat wavelength
�

andthe�ux from theblackbodywith
T=10,000K at wavelength

�

�

is computed.
� This curve is scaledsothatthevalueat thecentral�ux is

'��

, were
' �

is for a 0th magnitudestarin
J,H, K and"HK":

band
�

�

( � m)
' �

(ergs/s/cm� /Å)
J 1.225 3.11e-10
H 1.675 1.15e-10
K 2.175 4.10e-11
HK 1.950 8e-11
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A moreaccuratemethodis describedin thefollowing andneedsto beimplemented.

� Thespectraltypeof thestaris determinedlooking into acatalogue.
� Fromthis informationis obtainedthestarenergy distribution.
� This curve is scaledsothatthevalueat thecentral�ux is

'��

.

3. Theresultof step1 is dividedby theonefrom step2. This is theef�ciency.

10.1.18 Strehl computation

Thecentralmaximumin unitsof thetotal �ux of aPSFis ameasureof theimagequalityandAO performance.
TheStrehlratio is theobservedratio in unitsof theoreticallypossible(diffractionlimited) ratio. It is a number
usuallybetween� 0.01(seeinglimited) and0.6-0.8dependingon theperformanceandtheambientconditions.

10.1.19 Encircled energy computation

Theencircledenergy is thesignalintegratedin a givenareacenteredon thepositionwheretheobjectreaches
its maximum.For thiscomputationit is critical to estimatethe�ux of thebackground.

10.1.20 Spectrumextraction

Thestandardstarspectrumis extractedby summingtheobjectsignalin eachplaneof thecube.Theresidualsky
backgroundcontribution is givenby theconstanttermof a 2D Gaussian�t of theimageobtainedby averaging
the cubealongz, in a rangeof factor timesthe meanFWHM (FWHM=0.5*(FWHM_X+FWHM_Y)) of the
observedstandardstar.

10.1.21 Standard star position detection

The recipedeterminesthe positionof the maximumin the imageobtainedby collapsingthe cubealongthe
z-axis.ThentheSTDstarobject(which is assumedto betheonly objectin theFOV) is moreaccuratelylocated
usingacentroidalgorithmassuminga2D Gaussianshapeapproximationfor theobjectPSF, which alsoallows
to estimatetheSTD starFWHM alongtheX andY directions.

10.2 Recipes

10.2.1 Detector linearity and non-linear bad pixel map determination: si_rec_detlin

Thesi_rec_distortionrecipecomputesthedetectornon-linearitycoef�cient asdescribedin 10.1.3(usingmeth-
ods1 and2). Thedetectorgainis alsocomputedasdescribedin 10.1.5.In thiswayseveralpiecesof information
aregenerated:a tablewith informationon detectornon-linearity(obtainedwith method1), a tablewith infor-
mation on the gain, a cubewith the coef�cients of a polynomial �t to eachpixel intensity which provides
pixel-by-pixel informationon the detectornon-linearity, a badpixel mapwith non-linearpixels (the last two
productsareobtainedasdescribedusingmethod2 asdescribedin 10.1.3).
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10.2.2 Master dark and bad pixel map determination: si_rec_mdark

A setof inputraw darkframesisstackedin acube.An averagewith rejection(parametersbp_noise.low_rejection
andbp_noise.high_rejection), yeldsa meananda standarddeviation, stdev. Pixels which deviate from the
meanmorethanauserde�ned factor(dark.thr eshold_sigma_factor) timesthestdev are�agged asbadpixels.
This resultsin abad(hot) pixel mapwhich �ags pixelswith ahigh darkcurrent.

A set of input raw dark framesis sortedaccordingto DIT thus generatingcorrespondinggroups. Then an
averagewith rejection(controlledby parametersdark.low_rejection anddark.high_rejection) is computed
within eachgroupof frames.This resultsin amasterdarkframefor eachDIT.

On eachpossiblepair of consecutive raw framesthe read-outnoise is determinedin a region de�ned by
theparametersdark.qc_ron_xmin, dark.qc_ron_xmax,dark.qc_ron_ymin, dark.qc_ron_ymax, andusing
dark.qc_ron_nsamprandomsampleseachof sizedark.qc_ron_hsizeasdescribedin 10.1.6. On the mas-
ter dark the �x ed patternnoiseis determinedin two regionsde�ned by the parametersdark.qc_fpn_xmin,
dark.qc_fpn_xmax, dark.qc_fpn_ymin, dark.qc_fpn_ymax, usingdark.fpn_r on_nsamprandomsamples
eachof sizedark.fpn_r on_hsizeasdescribedin 10.1.7.

10.2.3 Master �at and thr esholdpixels (bad pixel map) determination: si_rec_m�at

� Theinput �at �eld framesarestacked. An averagewith rejection(parameterslamp_�ats.low_rejection
andlamp_�ats.high_rejection) is computedto remove dynamicbadpixels (eithercosmicraysor tran-
sientbadpixels).Themeanlamp-off frameis subtractedfrom themeanlamp-onframe.

� If lamp_�ats.bad_ind==TRUE theintensitytilt of eachcolumnis removed(the�t of thepixel intensity
is subtractedfrom the pixel intensity)consideringin this operationonly pixels whoseintensitydiffers
from thelinear�t valueby no morethanlamp_�ats.sigma_factor timesthesigmaof thepixel intensity.

� To �nd thestrongintensitydeviationsof badpixelsa thresholdvaluemustbefound. For this reason,on
a rectangularregion de�ned by parameterslamp_�ats.llx , lamp_�ats.lly , lamp_�ats.urx ,
lamp_�ats.ury , therecipecomputesa clean_meanof the intensity(lamp_�ats.bad_low_rejection and
lamp_�ats.bad_high_rejection) andits cleanstandarddeviation clean_stdev (to have anestimateof the
noisevariationsin the�at �eld). Thethresholdvalueisgivenby theproductclean_stdev* lamp_�ats.factor.

If lamp_�ats.thr esh_index==TRUE theimagecorrectedfor theintensitytilt is further�ltered, indicating
asbadpixelstheoneswhichlie outsidetheintensityrange[clean_mean-lamp_�ats.mean_factor*clean_stdev].
Else no �lter is applied. This resultsin a referenceimage. A median�lter with a radiusequal to
clean_stdev* lamp_�ats.factor is appliedfor lamp_�ats.iterations iterationsto remove small clusters
of badpixels. Finally pixels which have differentvaluesarepromotedto badpixels by comparingthe
median�ltered imagewith thereferenceimage.

� A master�at �eld is determined.If lamp_�ats.inter pol_ind==TRUE, usingthe input badpixel mask,
andtheslitletspositioninformation,badpixelsareinterpolatedoveragivenradiuslamp_�ats.max_rad.

Thentheintensityis normalisedto thatof thecentralpixel.

For QCpurposesthe�x edpatternnoiseis monitoredontheresultingmaster�at �eld overtwo rectangular
regionsde�ned by parameterslamp_�ats.qc_fpn_xmin1, lamp_�ats.qc_fpn_xmax1,
lamp_�ats.qc_fpn_ymin1, lamp_�ats.qc_fpn_ymax1, andlamp_�ats.qc_fpn_xmin2,
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lamp_�ats.qc_fpn_xmax2, lamp_�ats.qc_fpn_ymin2, lamp_�ats.qc_fpn_ymax2., andtherecipecom-
putesthenumberof pixelswhich lie outsideagivenrange(lamp_�ats.qc_thresh_minand
lamp_�ats.qc_thresh_max).

A badpixel maskis thendeterminedonthemaster�at �eld by �agging all pixelswhichdeviatetoomuch
from a threshold.

The input �at �eld frames(in our caseonly the master�at) are stacked. An averagewith rejection
(parametersbp_norm.low_rejectionandbp_norm.high_rejection) is computed.Pixelswhoseintensity
lie outsidetherange[bp_norm.min_cut, bp_norm.max_cut] are�agged asbad.

� Thentheintensitytilt of eachcolumnis removed(the�t of thepixel intensityis subtractedfrom thepixel
intensity)consideringin this operationonly pixelswhoseintensitydiffers from thelinear�t valueby no
morethanbp_norm.sigma_factortimesthesigmaof thepixel intensity.

� Thestandarddeviationandthemeanwithin ade�ned (bp_norm.llx, bp_norm.lly, bp_norm.urx,
bp_norm.ury) rectangularzoneis determinedin awaythattheextremelow (bp_norm.low_cut) andthe
extremehigh (bp_norm.high_cut) valuesarechoppedoff.

� A badpixel mapof all thepixelswhichdeviatefrom acertainthresholdlevel is determinedonthemaster
�at �eld. Theinput framesarestackedin acubeandanaveragewith rejection(bp_norm.low_rejection,
bp_norm.high_rejection) is takento removecosmics.Thepixelswhich lie outsideanintensityrangeset
by parametersbp_norm.min_cut andbp_norm.low_cut areremovedfrom theresultingmedianimage.

� If bp_norm.threshold_index==TRUE,pixelsdeviatingmorethan(bp_norm.mean_factor*bp_norm.sigma)
from thecleanmeanaredeclaredbad.Thenafurtherpixel cleaningis performedinvolving apixel'snear-
estneighboursusingoneof severalmethodsde�ned by correspondingvaluesof theparameter
bp_norm.method_indexanddependingonthevaluesof bp_norm.factor andpossiblybp_norm.iterations,
asdescribedin 10.1.4.

� Thentheresultingimageis comparedwith theinput imagehaving thecolumnintensitytilt removedand
eachchangedpixel is indicatedasbad. Finally, from this �nal image,a badpixel maskis producedin
whicheachgoodpixel is markedwith 1 andeachbadpixel with 0.

10.2.4 Optical distortion and slitlet distancesdetermination: si_rec_distortions

� Normal�at framesarecombinedto determineamaster�at andabadpixel map.To performthisoperation
someparametershave peculiardefault values:bp_dist.factor=999.0,
bp_dist.mean_factor=999.0. Thesevalueshave beenchosento ensurerobustness.

� A setof �bre lamp-onframesarestacked (see10.2.5recipefor moredetails)with different rejection
thresholdsto determinea fake �bres-on anda fake �bres-off frame. Sincethedistortioncoef�cients are
notyetknown, nodistortioncorrectionis applied(internallytherecipeassumesstacked.warp�x_ind ==
FALSE). Thefake �bres-off frameis subtractedfrom thefake �bres-on frame.

� Undistortedarclampframesareusedto determineawavelengthcalibrationsolution.

� Thedistortionmapis computedon thefake �bres-on - �bres-off frame.This stepinvolvesthefollowing
operations.
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– Thestacked�bres-on - �bres-off andThAr framesaremultipliedby thebadpixel map.

– On theThAr correctedframethearclampline positionsaredetermined(parameters
distortion.begin_wave, distortion.guess_disp1, distortion.guess_disp2,
distortion.min_diff_col_tilt_int , distortion.half_width , distortion.sigma) asdescribedin 10.1.8.

– A wavelengthcalibrationis performed(the result dependson the following parameters:distor-
tion.guess_disp1, distortion.half_width , distortion.min_amplitude, distortion.max_residual, dis-
tortion.fwhm , distortion.n_a_coef�cients, distortion.n_b_coef�cients, distortion.sigma_factor,
distortion.pixel_dist, distortion.pixel_tol) asdescribedin 10.1.9.

– A possibleline shift is computedas describedin 10.1.10. This result dependsalso on: distor-
tion.n_a_coef�cients.

– The slitlet positionsarecomputedasa function of distortion.box_length, distortion.y_box, dis-
tortion.diff_tol asdescribedin 10.1.12.

– Theslitlet distancesarecomputedwith a north-southtestasdescribedin 10.1.13.In this operation
relevantuserde�nableparametersarenorth_south_test.n_slits, distortion.ns_half_width, distor-
tion.ns_fwhm, distortion.min_diff , distortion.dev_tol, distortion.lo_pos, distortion.hi_pos).

– Thoseareaveragedto getthepositionof the�rst slitlet.

– Finally thedistortionsaredetermined(assumingasoffsetthepositionfoundfor the�rst slitlet).

� Finally thefake �bres-on - �bres-off frameis correctedfor distortionsandtheslitlet distancesaredeter-
minedagainwith anorthsouthteston theframecorrectedfor distortions.

Thenorthsouthtestinvolvesthefollowing operations:

– Theinput framesarestackedin acubeandanaveragewith rejectionis computed
(parametersnorth_south_test.low_rejection, north_south_test.high_rejection).

– If north_south_test.gauss_ind== TRUE the resulting image is convolved with a Gaussianof
FWHM north_south_test.kernel_half_width.

– If north_south_test.mask_ind== TRUE theresultingimageis multiplied by the input badpixels
map.This imageis savedasa product.

– Then the slitlet distancesarecomputedandsaved asa tableproduct. The resultdependson the
following userde�nableparameters:north_south_test.half_width, north_south_test.fwhm,
north_south_test.min_diff, north_south_test.dev_tol.

– Eachof the32continuumslit spectraatthesamespatialpositionis �t by aGaussianalongthespatial
direction. This determinesfor eachdetector's raw thepositionof eachslitlet. Thoseareaveraged
alongthe row. Thenthedistanceof the left edgeof eachslitlet from a referenceoneis computed
andthus31relative distancesarefound.

10.2.5 Wavelengthsolution determination: si_rec_wavecal

Framestacking Thismacrostepiscommontoseveralrecipes:si_rec_distortion,si_rec_wavecal,si_rec_objnod,
si_rec_psf,si_rec_stdstar.

� The input arc lamp frames(which canbe “on” or “off ” frames,or dark calibrations,or objectsor sky
frames)arestacked.
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� The“off ” (or sky) frameis subtractedfrom the“on” (or object)frame.

� If stacked.�at_index==TRUE theresultis �at-�elded usingtheinputmaster�at �eld.

� Staticbadpixelsareindicated(stacked.mask_ind=1) ornot(stacked.mask_ind=0). If stacked.mask_ind=1:

– If stacked.ind_indexis FALSE badpixelsareinterpolatedoveragivenrangede�ned by
stacked.mask_radandusingtheinformationontheslitletedgepositionscontainedin theSLIT_POS
frame.

– If stacked.ind_indexis TRUE badpixelsareindicatedby multiplying the frameby thebadpixel
map.

� If stacked.warp�x_ind ==TRUEthedistortioniscorrectedusingagivenkernel(stacked.warp�x_k ernel).

� Finally somequality control is performedon the resultingstacked frameby monitoringthe numberof
saturatedpixels(stacked.qc_thresh_max) andthemaximum�ux.

Wavelength calibration This macrodatareductionstepdeterminesthe dispersionrelation and the slitlet
position table. If an input slitlet position table is not presentone can determineit from scratchby setting
the parameterwavecal.slitpos_bootstrap_switch to TRUE. For the sake of robustness,it is suggestedto use
wavecal.slitpos_bootstrap_switch == FALSE and provide an input slitlets positionstable, for examplethe
correspondingone(band,preoptics)providedin thecalibrationdataavailablewith this release,andthenlet the
recipere�ne it. Referenceslitlet positiontablesareprovidedtogetherwith theSINFONIpipeline.

� Theinputarclamp-onandlamp-off framesareloaded.

� If wavecal.calib_indicator == TRUE andwavecal.wave_map_ind== TRUE the input arc lamprefer-
enceline list is loaded.

� If oneneedstodothewavelengthcalibration(wavecal.calib_indicator== TRUEandwavecal.wave_map_ind
== FALSE), therecipe�nds theemissionlinespresentin eacharclampspectrumasdescribedin 10.1.8

� Thenthedispersionrelationis determinedasdescribedin 10.1.9.

� Theoverall line shift betweenthesolutionfoundfrom the�t asdescribedin 10.1.10andthepositionof
thelinesin theframeis monitoredfor qualitycontrol.

� ThentherecipelogsadditionalQCparameters:thenumberof foundlines,thenumberof saturatedpixels,
the�ux maximumof theframedifference“on” - “off ”.

� Thewavelengthmapis saved.This is animagein whicheachpixel is associatedwith awavelengthvalue
in microns.

� If wavecal.write_coeff_ind==TRUE thepolynomial�t coef�cients aresavedin aFITStable.

� If wavecal.write_par_ind==TRUE the Gaussian�t parametersare saved in a table. The numberof
detectedlines,themedianandtheaverageFWHM aremonitoredfor qualitycontrol.
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� If a wavelengthmapis available(wavecal.wave_map_ind==TRUE) anda dispersionrelationdoesnot
needto befound(wavecal.calib_ind==0) onemaywantto correctwhatis alreadyavailableto matchthe
actualarc lamp frame,by creatinga shifteddispersionrelation. Thentheoverall line shift betweenthe
solutionfoundfrom the�t andthepositionof thelinesin theframeis computed.

� Finally if wavecal.calib_indicator==TRUE and wavecal.estimate_indicator==TRUE the slitlet posi-
tionsare�t usinga parameterlist input FITS table. Theslitlet positiondeterminationmayfollow either
theBoltzmannor theestimatemethodsasdescribedin 10.1.12.

10.2.6 Scienceobservations: si_rec_objnod

� Theinput framesareselectedde�ning obj-sky pairs.In caseasky frameis missingin thesetof framesa
sky frameis estimatedasdescribedin 10.1.16.Eachpair is stacked.

� Eachstacked frameis resampledusingthe informationfrom the input calibrationimage(WAVE_MAP)
doing a polynomial interpolationwith objnod.n_coeffsparametersto generatean output3D frameas
describedin 10.1.14. This operationdeterminesthe dispersion,the minimum, the maximumand the
centralwavelengthaswell asthecentralpixel of theoutputcalibratedimage.

� If objnod.north_south_ind == FALSE, a 3D frameis reconstructedfrom eachstacked frameby using
theinformationcontainedin theslitlet positiontableSLIT_POS.

� The 3D frameis re�ned usingdifferentmethods(objnod.�ne_tuning_method). PossiblevaluesareP
(polynomialof orderobjnod.order), S (Spline). The3D frameis stretchedin Y to make it appearasa
parallepipeduswith asquarecross-section.Weusuallycall thisa “3D cube”.

� If objnod.jitter_index==TRUE, �nally all the cubescorrespondingto the differentobject jittered po-
sitionsaremergedinto a big datacubeby averagingthe overlapregionsweightedby integrationtimes
andusinga givenkerneltypeobjnod.kernel_typeasdescribedin 10.1.15possiblyscalingthesky back-
ground(if objnod.scale_sky == TRUE) anddoinga kappasigmaclipping (if objnod.kappa_sigma==
TRUE) of intensityoutliers.

10.2.7 STD star data reduction: si_rec_stdstar

Theinitial datareductionis thesameastheoneof anormalscienceframe(si_rec_objnod).Then:

� The position of the sourcemaximum,its centroidand FWHM, are determinedfrom the averageim-
ageof the coaddedcube. Thoseparametersare usedto automaticallyset the optimal extraction pa-
rametersin a squareregion whosesize dependson the averageof the FWHM in the X and Y direc-
tions anda userde�nable scaleparameterstd_star.factor, eventually reducedin casethe starposition
falls outsidethe actualz-crosssectionplane. The output is in the form of an imageand a table. If
std_star.conversion_index==TRUE aconversionmagnitudeto counts/secondsis performed.

� Theinstrumentef�ciency is determinedasdescribedin 10.1.17.

� Theextractedstarspectrumandtheef�ciency aresavedin a table.
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10.2.8 PSFdata reduction: si_rec_psf

The initial datareductionis the sameas the one of a normal scienceframe. Then the main PSFstandard
parameters,theinstrumentstrehlandtheencircledenergy aredeterminedasdescribedin 10.1.18and10.1.19.
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A Installation

This chaptergivesgenericinstructionson how to obtain,build andinstall theSINFONI pipeline. Even if this
chapteriskeptasup-to-dateasmuchaspossible,it maynotbefully applicabletoaparticularrelease.Thismight
especiallyhappenfor patchreleases.Oneis thereforeadvisedto readtheinstallationinstructionsdeliveredwith
the SINFONI pipelinedistribution kit. Theserelease-speci�cinstructionscanbe found in the �le README
locatedin thetop-level directoryof theunpacked SINFONI pipelinesourcetree. Thesupportedplatformsare
listedin SectionA.1. It is recommendedreadingthroughSectionA.2.2beforestartingtheinstallation.

A bundledversionof theSINFONI pipelinewith all therequiredtoolsandan installerscript is availablefrom
http://www.eso. or g/ pip el in es / , for userswho are not familiar with the installationof software
packages.

A.1 Supported platforms

Theutilisationof theGNU build toolsshouldallow to build andinstall theSINFONI pipelineon a varietyof
UNIX platforms,but it hasonly beenveri�ed on theVLT targetplatforms:

� Linux (glibc 2.1or later),

� SunSolaris2.8or later,

usingtheGNU C compiler(version3.2or newer).

A.2 Building the SINFONI pipeline

Thissectionshows how to obtain,build andinstall theSINFONIpipelinefrom theof�cial sourcedistribution.

A.2.1 Requirements

To compileandinstall theSINFONIpipelineoneneeds:

� theGNU C compiler(version3.2or later),

� theGNU gzip datacompressionprogram,

� aversionof the tar �le-archiving program,and,

� theGNU make utility.

An installationof theCommonPipelinelibrary (CPL)mustalsobeavailableon thesystem.CurrentlytheCPL
version2.1.1or neweris required.TheCPLdistributioncanbeobtainedfrom http://www.eso .or g/ cp l .

PleasenotethatCPLitself dependsonanexistingq�ts installation.Theq�ts sourcesareavailablefrom theCPL
downloadpageor directly from theq�ts homepageat http://www.eso .o rg /pr oj ec ts /a ot/ qf it s .
In conjunctionwith CPL2.1.1q�ts 5.3.1mustbeused.
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In order to run the SINFONI pipeline recipesa front-endapplicationis also required. Currently thereare
two suchapplicationsavailable,a command-linetool called EsoRex andthe Java baseddata�le organizer,
Gasgano, which providesanintuitive graphicaluserinterface(seeSection4.2,page17). At leastoneof them
mustbeinstalled.The EsoRex and Gasganopackagesareavailableat http://www.eso. or g/ cp l/ eso re x. ht ml
and http://www.eso .or g/ gasg ano respectively.

For installationinstructionsof any of theadditionalpackagesmentionedbeforepleasereferto thedocumentation
of thesepackages.

A.2.2 Compiling and installing the SINFONI pipeline

TheSINFONIpipelinedistribution kit 1.0contains:

sinfoni-manual-1.0.pdf TheSINFONIpipelinemanual
install_pipeline Install script
q�ts-5.3.1.tar.gz QFITS5.3.1
cpl-2.1.1.tar.gz CPL 2.1.1
esorex-3.5.1.tar.gz esorex 3.5.1
gasgano-2.2.3-Linux.tar.gz GASGANO2.2.3for Linux
gasgano-2.2.3-SunOS.tar.gz GASGANO2.2.3for SunOS
eclipse-sinfo.tar.gz eclipselibrary modi�ed

to supportSINFONIdatareduction
sinfoni-1.2.0.tar.gz SINFONI1.2.0
sinfoni-calib-1.2.0.tar.gz SINFONIcalibration�les 1.2.0

Hereis adescriptionof theinstallationprocedure:

1. Changedirectoryto whereyou want to retrieve theSINFONI pipelinerecipes1.2.0package.It canbe
any directoryof your choicebut not:

$HOME/gasgano
$HOME/.esorex

2. Downloadfrom theESOftp server, http://www.eso .o rg /pi peli nes/ , thelatestreleaseof the
SINFONIpipelinedistribution.

3. Verify thechecksumvalueof thetar �le with thecksumcommand.

4. Unpackusingthefollowing command:

tar -xvf sinfo-kit-1.2.t ar

Notethatthesizeof theinstalledsoftware(includingGasgano) togetherwith thestaticcalibrationdatais
about27Mb.
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5. Install: aftermoving to thetop installationdirectory,

cd sinfo-kit-1.2

it is possibleto performasimpleinstallationusingtheavailableinstallerscript(recommended):

./install_pipeli ne

(beware:theexecutionmaytake a few minutesonLinux andseveralminuteson SunOS).

Notethatthis releasestill needsto link to theeclipselibrary. At theendof theinstallationtheuserin ad-
dition to follow whatreportedby theinstallationscript,needsto sourcean�le ($HOME/..eclipse_bash.rc
or $HOME/..eclipse_bash.rc,dependingfrom theusershell)to seta few environmentvariablesusedby a
few low level eclipselibrary basedmodules.

By default thescriptwill install theSINFONIrecipes,Gasgano, EsoRex, all thenecessarylibraries,and
thestaticcalibrationtables,into a directorytreerootedat $HOME. A differentpathmaybespeci�ed as
soonasthescriptis run.

The only exceptionto all this is the Gasgano tool, that will always be installedunderthe directory
$HOME/gasgano . Note that the installer will move an existing $HOME/gasgano directory to
$HOME/gasgano.ol d beforethenew Gasganoversionis installed.

Important:theinstallationscriptwould ensurethatany existing Gasganoand EsoRex setupwould be
inheritedinto thenewly installedcon�guration�les (avoiding in thiswayany con�ict with otherinstalled
instrumentpipelines).

Alternatively, it is possibleto performamanualinstallation(experiencedusers only): the README�le located
in thetop installationdirectorycontainsmoredetailedinformationaboutastep-by-stepinstallation.
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B Abbreviations and acronyms

ANSI AmericanNationalStandardsInstitute
ASCII AmericanStandardCodefor InformationInterchange
CalibDB CalibrationDatabase
CPL CommonPipelineLibrary
DFO DataFlow Operationsdepartment
DFS DataFlow Systemdepartment
DMD DataManagementandOperationsDivision
DRS DataReductionSystem
ESO EuropeanSouthernObservatory
ESOREX ESO-RecipeExecutiontool
FITS Flexible ImageTransportSystem
FOV FieldOf View
FPN FixedPatterNoise
GUI GraphicalUserInterface
OB ObservationBlock
PSO ParanalScienceOperations
QC QualityControl
RON ReadOutNoise
SINFONI Spectrographfor INtegral FieldObservationsin theNearInfrared
SOF SetOf Frames
SPIFFI SPectrographfor InfraredFaintField Imaging
UT Unit Telescope
VLT VeryLargeTelescope


