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1 Intr oduction

1.1 Purpose

The SINFONI pipelineis a subsystenof the VLT Data Flow Systen{(DFS). Its tamget useris ESO Data Flow
Opeimtions (DFO) in the generationof mastercalibrationdata,in the reductionof scienti ¢ exposuresand
in the dataquality control. It shouldalsosene asa quick look tool for Paranal ScienceOpemations (PSO).
Additionally, the SINFONI pipelinerecipesaremadepublicto theusercommunity to allow amorepersonalised
processingf thedatafrom theinstrument.The purposeof thisdocumenis to describeatypical SINFONI data
reductionsequencevith the SINFONI pipeline.

This manualis acompletedescriptionof the datareductionrecipesimplementedy thethe SINFONI pipeline,
re ecting the statusof the SINFONI pipelineasof Oct 19,2005(version1.2.0).

1.2 Acknowledgements

The SINFONI pipelineis basedon the SPIFFIDataReductionSoftwaredevelopedby the Max-Planck-Institut
fur extraterrestrisch@hysik(MPE). We wouldlik e to thankthe SPIFFIteamfor providing ESOwith acomplete
andefcient datareductionsoftwareandfor their helpin documentingtesting,detuggingthe recipesandthe
pipeline during several commissioningand scienceveri cations phases. We are particularly grateful to the
MPE responsiblegor the datareduction: Juigen Schreiber Matthev Horrobin and RobertoAbuter for their
contributionsandsupport.

Releasel.2.0bene tedrom the feedbackprovided by the SINFONI SV teamand SINFONI instrumentopera-
tionsteam. In particularwe would like to thankWolfgangHummeland JuhaRunanerfor extensvely testing
andimproving the pipelineanddocumentationaswell asJocherLiske for proof readingthe manual.

1.3 Scope

Thisdocumentescribeshe SINFONI pipelineusedat ESO-GarchingandESO-Riranalfor the purposeof data
assessmemtnddataquality control.

Updatedversionsof the presentdocumentmay be found on [1]. For generalinformation aboutthe current
instrumentpipelinesstatusve remindthe userof [2]. Quality controlinformationareat[3].

Additionalinformationon QFITS,theCommonPipelineLibrary (CPL)andESOREXcanbefoundrespectiely
at[4], [5], [6]. The Gasgandool is describedn [14]. A descriptionof theinstrumentis in [7]. The SINFONI
instrumentusermanualis in [8] while resultsof SciencéVeri cations (SV) areat[9].
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1.4 Referencedocuments

SINFONI PipelineUsers'Manual

VLT-MAN-ESO-19500-3600

http://wwweso.og/projectédfs/dfs-shared/weblvit/vit-instrumentpipelines.html

Currentpipelinestatus

http://mwweso.og/observing/dfo/quality/pipdine-datus.himl

ESO-Data-low Operatiochomepage
QFITShomepage

CPLhomepage
ESOREXhomepage
SINFONIhomepage

VLT SINFONIUserManual

http://wwweso.og/observingdfo/qudity/
http://mwweso.og/projects/at/q ts/
http://wwweso.og/cpl
http://wwweso.og/cpl/esorg.html
http://wwweso.og/instrumentsinfoni/
VLT-MAN-ESO-14700-3517

http://wwweso.og/instrumerd/snfoni/usemantal. himl

SINFONI SV homepage

http://wwweso.og/science/Mbvisinfonisv/

VLT DataFlow SystemSpeci cationsfor PipelineandQuality Control

DFSPipeline& Quality Control-UserManual
ESODICB - DatalnterfaceControlDocument
CommonPipelineLibrary UserManual
GasgandJsers Manual

SINFONI CalibrationPlan

VLT-SPE-ESO-19600-1233
VLT-MAN-ESO-19500-1619
GEN-SPE-ES0O-00000-0794
VLT-MAN-ESO-19500-2720
VLT-PRO-ESO-19000-1932
VLT-PLA-ESO-14700-2617
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2 Overview

In collaborationwith instrumentconsortia,the Data Flow SystemsDepartmen{DFS) of the Data Manage-
mentandOperationDivisionis implementingdatareductionpipelinesfor the mostcommonlyusedVLT/VLTI
instrumentmodes.Thesedatareductionpipelineshave the following threemainpurposes:

Data quality control: pipelinesareusedto producethe quantitatve informationnecessaryo monitorinstru-
mentperformance.

Master calibration product creation: pipelinesare usedto producemastercalibrationproducts(e.g., com-
binedbiasframessuper ats, wavelengthdispersiorsolutions).

Scienceproduct creation: usingpipeline-generateahastercalibrationproductsscienceproductsareproduced
for thesupportednstrumenmodeqe.g., combinedSAAC jitter stackshias-correctedat- elded FORS
images,wavelength-calibratedJVES spectra). The accurag of the scienceproductsis limited by the
guality of theavailablemasteicalibrationproductsandby thealgorithmicimplementatiorof the pipelines
themseles. In particular adoptedautomaticreductionstratgies may not be suitableor optimal for all
scienti c goals.

Instrumenpipelinesconsisiof asetof dataprocessingnoduleshatcanbe calledfrom thecommandine, from
theautomaticdatamanagemenbolsavailableon Paranalor from Gasgano.

ESOofferstwo front-endapplicationgor launchingpipelinerecipes,Gasgand14] and EsoRe, bothincluded
in the pipelinedistribution (seeAppendixA, page85). Theseapplicationscanalsobe donvnloadedseparately
from http://www.eso .0 rg /ga sgano and http://www.eso .0rg/ cpl/ esorex. ht ml. Anil-
lustratedintroductionto Gasganas providedin the"Quick Start" Sectionof this manual(seepagel6).

The SINFONI instrumentandthe differenttypesof SINFONI raw framesandauxilliary dataaredescribedn
Sections3, 6, and?.

A brief introductionto the usageof the available reductionrecipesusing Gasganoor EsoR« is presented
in Section4. In section5 we advicethe useraboutknowvn datareductionproblemsproviding also possible
solutions.

An overview of the datareduction,whataretheinput data,andtherecipesinvolvedin the calibrationcascade
is providedin section8.

More detailson what areinputs, products,quality control measuredjuantities,and controlling parametersf
eachrecipeis givenin section9.

More detaileddescription®f thedatareductionalgorithmsusedby theindividual pipelinerecipescanbefound
in Section10.

In AppendixA theinstallationof the SINFONI pipelinerecipesis describedcandin AppendixB alist of used
abbreiationsandacrorymsis given.
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3 SINFONI Instrument Description

SINFONI hasbeendevelopedby ESO and the Max-Planck-Institutfiir extraterrestrisché>hysik (MPE) in
Garching.

Theinstrumenthasbeenmadeavailableto the communityandstartedoperationsn Paranalon April  , 2005.

In this chaptera brief descriptionof the SINFONI instruments given. A morecompletedocumentatioanbe
foundin the SINFONIUserManual,dowvnloadabldrom http://www.eso .0rg/in st ru ment s/s in fo ni /

3.1 Instrument overview

SINFONIis anearinfrared(1.05- 2.45 m)integral eld spectrograpSPIFFI,developedby MPE)fed by an
adaptve opticsmodule(MACAOQO, developedby ESO,moredetailsaregivenin [11]) .

Image-slicer

Light entering fr
theAOmodule ___ Spectrometer
' 4 Camera

' Detector

Figure3.1.0: An insideview of SPIFFI.:The cryostatcover andthe reinforcingstructurehave beenremovedto
provide a free view on the opto-mechanicatomponent®f SPIFFI. The light entersfrom the top, andpasses
the sky-spider The pre-opticswith a lter -wheel and interchangeabléensesprovides threedifferentimage
scales.The imageslicer re-arrangeshe two-dimensionaleld into a pseudo-longslit, which is perpendicular
to the baseplate. Threediamondturnedmirrors collimatethe light onto the gratings. In total, four gratings
areimplementedn the gratingdrive. A multiple-lenssystenmthenfocuseghe spectraon a RockwellHAWAII
array Thediametemf theinstruments 1.3m.

The spectrograploperatesvith 4 gratings(J, H, K, H+K) providing a spectralresolutionaround2000, 3000,
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4000in J, H, K, respectiely, and 1500in H+K - eachwavelengthband tting fully on the 2048 pixels of
the Hawaii 2RG (2kx2k) detectorin the dispersiondirection. The SINFONI eld of view onthe sky is sliced
into 32 slices. Pre-opticsallow to chosethe width of the slices. The choicesare250mas,100masand25mas,
leadingto eld of views on the sky of 8"x8", 3"x3", or 0.8"x0.8" respectiely. On raw frameseachpixel
imagesa rectangularegion on the sky (125x250,50x100,0r 12.5x25mas). EachSINFONI FOV imageslice
correspondso a so calleddetectorslitlet. Eachoneof the 32 slitletsis imagedonto 64 pixels of the detector
Thusoneobtains32x64spectraof theimagedregion on the sky.

Figure3.1.0: SPIFFlimageslicer(top): Thelight enterghroughtheholein the big slicer A stackof 32 small
mirrors, the small slicer (alsoshavn in the sub-panel) slicesthe imageandredirectsthe light towardsthe 32
mirrorsof thebig slicer, whichre-arrangesheslitletsinto a 31 cmlong pseudo-slit(bottom). Thelayoutof the
slitletsonaraw SPIFFIframe.



D

Doc: VLT-MAN-ESO-19500-360(
ESO SINFONI PipelineUserManual ~ [1SSU€: Issuel.0
Date: Date2005-10-19
Page: 16 0f 88

4 Quick start

This sectiondescribethe mostimmediateusageof the SINFONI pipelinerecipes.

4.1 SINFONI pipeline recipes

ThecurrentSINFONI pipelineis basedn asetof 8 stand-aloneecipesnvolvedin thedatareductioncascade:

si_rec_detlinto evaluatethe detectomonlinearity andgenerate correspondingionlinear pixel map.
si_rec_mdark to createa masterdarkanda hot-pixel map.

si_rec_m at to createa masterat andamapof pixelswhich have intensitieggreaterthana giventhreshold.
si_rec_distortionto computethe opticaldistortionsandslitletsdistances.

si_rec_wavecalfor wavelengthcalibration.

si_rec_psffor PSFstandarddatareduction.

si_rec_stdstarfor STD standarddatareduction.

si_rec_objnodfor sciencestandardiatareduction.

Additional 8 stand-aloneecipesarealsoprovided, thatperformusefultasks:

si_utl_skymapto ag sky linesasbadpixelsin a“sky map” (for Paranaloperationsto prepareinput dataof
the SINFONI RealTime Display).

si_utl_bp_mask_addto coaddbadpixel maps.

si_utl_ima_arith to doimagearithmetics.

si_utl_cube2imato collapsea cubeto animageover a givenwavelengthrange.
si_utl_cube2spectrumo extracta spectrurmfrom a cube.

si_utl_cube_arithto performcubearithmetics.

si_utl_spectrum_dvide_by blackbodyto divide a spectrunty a blackbodyspectrum.

si_utl_spectrum_waelegth_shiftto shift in wavelengtha spectrum.
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4.2 An intr oduction to Gasganoand EsoRex

Beforebeingableto call pipelinerecipeson asetof datathe datamustbeopportunelyclassi ed,andassociated
with the appropriatecalibrations. The Data Classi cation consistsof taskssuchas: "What kind of dataam
I?", e.g.,, BIAS, "to which groupdo | belong?",e.g, to a particular Obsenration Block or template. Data
Association is the processof selectingappropriatecalibrationdatafor the reductionof a setof raw science
frames.Typically, asetof framescanbeassociatedf they sharea numberof propertiessuchasinstrumentand
detectorcon guration. As all the requiredinformationis storedin the FITS headersdataassociations based
on asetof keywords(called"associatiorkeywords")andis speci c to eachtypeof calibration.

Theprocesof dataclassi cationandassociatiors known asdataorganisation.

An instrumentpipeline consistsof a setof dataprocessingnodulesthat can be called from different host
applicationsgitherfrom the commandine with Esoex, from theautomaticdatamanagemertbolsavailable
at Paranalor from the graphical Gasganotool.

Gasganois a datamanagemertbol thatsimpli es the dataorganisatiorprocesspffering automaticdataclas-
si cation andmakingthe dataassociatioreasier(evenif automaticassociationof framesis not yet provided.
Gasganodeterminegheclassi cationof a le by applyinganinstrumentspeci ¢ rule, while usersmustpro-
vide this informationto therecipeswhenthey areexecutedmanuallyusing Esolex from thecommandine. In
addition, Gasganoallows the userto executedirectly the pipelinerecipeson a setof selectedles.

4.2.1 UsingGasgano

To get familiar with the SINFONI pipeline recipesandtheir usage,it is advisableto begin with Gasgano
becausat providesa completegraphicinterfacefor databrowsing, classi cation and associationand offers
several otherutilities suchaseasyaccesdgo recipesdocumentatiomndpreferreddatadisplaytools.

Gasganocanbestartedirom the systempromptin the following way:
gasgano &

The Gasgano mainwindow will appear On Figure4.2.1(next page),aview on asetof SINFONI IFU data
is shavn asanexample. Gasgano canbe pointedto the directorieswherethe datato be handledarelocated
usingthe navigation panelsaccessiblevia the Add/RemueFiles entryof the File menu(shavn ontheupper
left of the gure).

Thedataarehierarchicallyorganisedaspreferredoy theuser After eachle nameareshavn theclassi cation,
theinstrumensetupid (whichindicategheband) theinstrumenfpre-optic(whichindicateghecamerasetting),
thetemplateexposurenumberandthe numberof exposuresn thetemplate andthevalueof the DPR.TYPE.

More informationabouta singleframe canbe obtainedby clicking on its name:the correspondind-ITS le
headewill bedisplayedonthebottompanel wherespeci c keywordscanbeopportunelyltered andsearched.
Imagesandtablesmaybe easilydisplayedusingtheviewersspeci edin the appropriatePrefeences elds.

Framescanbe selectedrom the mainwindow for beingprocessedby the appropriateaecipe: on Figure4.2.2,
the standardstarframeanda sky frame,alreadyproducedmasterbad pixel mapandmasterat eld frames,
togetherwith distortionandslitlet distancetables,andthe necessargtatic calibrationtables,are all selected



Doc: VLT-MAN-ESO-19500-3600
ESO SINFONI PipelineUserManual ~ [1SSU€: Issuel.0

Date: Date2005-10-19

Page: 180f 88

andsentto the si_rec_stdstarrecipe. Thiswill opena Gasganorecipeexecutionwindow (seeFigure4.2.3),
having all thespeci ed les listedin its InputFramespanel.

Help abouttherecipemaybeobtainedrom the Help menu.Beforelaunchingtherecipe,its con gurationmay
be opportunelymodi ed onthe Parametes panel(ontop). Thewindow contentamight be savedfor lateruse
by selectinghe SaveCurrentSettingsentryfrom the File menu,asshavnin gure.

At this pointtherecipecanbelaunchedy pressinghe Executebutton. Messagefrom therunningrecipewill
appeamonthe Log Messges panelat bottom,andin caseof successfutompletionthe productswill belisted
onthe OutputFramespanel,wherethey canbe easilyviewedandlocatedbackon the Gasgananainwindow.

Pleaseeferto the GasgandJser's Manual[7] for amorecompletedescriptionof the Gasganointerface.
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Figure4.2.1: TheGasgananainwindow
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Figure4.2.2:Selectingles to be processedby a SINFONIpipelinerecipe
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Figure4.2.3: TheGasganaecipeexecutionwindow



Doc: VLT-MAN-ESO-19500-3600
ESO SINFONI PipelineUserManual ~ [1SSU€: Issuel.0

Date: Date2005-10-19

Page: 22 of 88

4.2.2 Using EsoRex

EsoRe& is acommandine utility for runningpipelinerecipes.t maybeembeddedby usersanto datareduction
scriptsfor theautomatiorof processingasks.Ontheotherside, EsoR& doesnt offer all thefacilitiesavailable
with Gasgano andthe usermustclassifyandassociatehe datausingthe informationcontainedn the FITS
headelkkeywords (seeSection6.2, page33). The usershouldalsotake careof de ning theinput set-of-frames
andtheappropriatecon guration parameter$or eachreciperun:

The set-of-frames: Eachpipelinerecipeis run on a setof input FITS data les. Whenusing EsoR& the
lenamesmustbelistedtogethemwith their DO catgory L in anASCII le, the set-of-flames (SOF),that
is requiredwhenlaunchingarecipe.?

Hereis anexampleof SOF, valid for the si_rec_wavecalrecipe®:

ffile_path/SIN FO2 004-0 8- 14T10: 20: 56.4 97.f its WAVE_LAMP
[file_path/SIN FO2 004-0 8- 14T10: 22: 44.2 85.f its WAVE_LAMP

[file_path/xen on.t fi ts REF_LINE_ARC
/file_pathMAS  TER BP_MA H 250. fit s MASTER_BP_MAP
ffile_path/MAS ~ TER_LAMP FLAT H 250. fi ts MASTER_FLAT LA
/file_path/DIS TORTION_Hf it s DISTORTION
ffile_path/drs _setup_wave.t fi ts DRS_SETUP_WAVE
ffile_path/SLI T PC5_H 250.t fi ts SLIT_POS

It containsfor eachinput framethe full path le nameandits DO catayory. The pipeline recipewill
accessghelisted les whenrequiredby thereductionalgorithm.

Note that the SINFONI pipeline recipesdo not verify in ary way the correctnes®f the classi cation
tags speci ed by the userin the SOF In the abore example, the recipe si_rec_wavecal will treat
theframe /file_path/SIN FO20 04-0 8- 14T10:2 0: 56.4 97. fi ts asaWAVE_LAMP, the
frame /file_path/MAS TER_BP_MAP_H_250.f it s asa MASTER_BP_MAR etc.,evenwhen
they do not containthis type of data. Therecipewill alsoassumehatall framesareassociatedorrectly
i.e., thatthey all comefrom the samebandandpre-optic,andthatthe appropriatecalibration les have
beenspeci ed.

Thereasorof thislack of controlis thatthe SINFONIrecipesarejusttheDRScomponenbf thecomplete
pipelinerunningon Paranalwherethetaskof dataclassi cationandassociationis carriedoutby separate
applications. Moreover, using Gasgano as an interfaceto the pipelinerecipeswill always ensurea
correctclassi cationof all the dataframes,assigningthe appropriateDO cateyory to eachoneof them
(seeSectiond.2.1,pagel?).

A recipehandlinganincorrectSOFmaystopor displayunclearerrormessageatbest.In theworstcases,
therecipewould apparentlyrun withoutary problem,producingresultsthatmaylook reasonableyut are
actually awed.

TheindicatedDO catagory is alabelassignedo ary datatypeafterit hasbeenclassi ed, whichis thenusedto identify the frames
listedin the set-of-flames

2Theset-of-framesorrespondso the InputFrames panelof 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 differentsettingwould allow to reducethe datawithoutincludingthe SLIT_POStable
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EsoRexsyntax: Thebasicsyntaxto useESOREXis thefollowing:
esoex [esorex_options]recipe_namdrecipe_optionsjset_of frames
To getmoreinformationon how to customiseESOREX(seealso[7]) runthecommand:
esoex --help
To generate con guration le esore.rcin thedirectory$SHOME/.esorg runthecommand:
esoex - -create-con g
A list of all availablerecipesgachwith aone-linedescriptioncanbe obtainedusingthe command:
€SoEX - -recipes
All recipeparametergaliasesyndtheir default valuescanbe displayedby the command
esoex - -paramsrecipe_name
To getabrief descriptionof eachparametemeaningexecutethe command:
esoex - -help recipe_name
To getmoredetailsaboutthe givenrecipegive thecommandat the shellprompt:
esoex - -man-pagerecipe_name
Recipecon guration: Eachpipeline recipemay be assignecan EsoR& con guration le, containingthe
default valuesof the parameterselatedto thatrecipe? The con guration les arenormally generated
in the directory $HOME/.esorex , and have the samenameasthe recipeto which they arerelated,

with the lename extension .rc . Forinstancetherecipe si_rec_wavecalhasits EsoR& generated
con guration le namedsi_rec_wavecal .r c,andis generateavith thecommand:

esoex - -create-con g si_rec_wavecal

Thede nition of oneparametepf arecipemaylook like this:

# --stack-warpfix_ kern el

# Warpfix  kernel: (tanh | sinc | sinc2 | lanczos | hamming | hann)
sinfoni.stacked. warp fi x_ker nel=ta nh

In thisexample theparametersinfoni.stacked war pfi x_kern el issettothevaluetanh . In

thecon guration le generatethy EsoR&, oneor morecommentinesareaddedcontainingnformation
aboutthe possiblevaluesof the parameterandanaliasthatcould be usedasa commandine option.

Therecipegprovidedby the SINFONI pipelinearedesignedo implementa cascadef macrodatareduc-
tion stepsgachcontrolledby its own parametersFor this reasorandto preventparametenameclashes
we specifyasparametepre x notonly theinstrumentamebut alsothe nameof the stepthey referto.
Shortermparametenliasesaremadeavailablefor useonthecommandine.

Thecommand
esoex - -create-con g recipe_name
generates default con guration le recipe_name.c in thedirectory$HOME/.esorex®.

“The EsoRe recipecon guration le correspondso the Parametes panelof the Gasganorecipeexecutionwindow (seeFigure
4.2.3,page21).
®If anumberof recipeparameterarespeci ed onthe commandine, the givenvalueswill beusedin the createccon guration le.
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A recipecon guration le differentfrom thedefault onecanbespeci edonthecommandine:
esoex - -recipe-con g=my_altemative_recipe con g
Recipeparameterareprovidedin section9 andtheirrole is describedn Sectionl10.

More thanonecon guration le may be maintainedfor the samerecipebut, in orderto be used,a con-
guration le notlocatedunder $SHOME/.esorex , or having a namedifferentfrom therecipename,
shouldbeexplicitly speci edwhenlaunchingarecipe.

Recipeexecution: A recipecanberun by specifyingits nameto EsoRe, togethemwith the nameof a set-of-
frames. For instancethe following commandine would be usedto run the recipe si_rec_wavecalfor
processinghe les speci edin theset-of-framessi_rec_wavecal. sof :

esoexsi_rec_waecalsi_rec_waecal.sof

Therecipeparametersanbemodifyedeitherby editingdirectlytheusedcon guration le, or by specify-
ing new parameteralueson the commandine usingthe commandine optionsde ned for this purpose.
Suchcommandline optionsshouldbe insertedafter the recipe nameand beforethe SOF name,and
they will supersedehe systemdefaults and/orthe con guration le settings. For instance,to setthe
si_rec_wavecalrecipe wcal-pixel_tol parameteto 3.0 , thefollowing shouldbetyped:

esoexsi_rec_waecal - -wcal-pixel_tol=3.0si_rec_wavecal.sof

For moreinformationon EsoRe, see http://www.eso. org/c pl /e sore x.h tml .

4.3 Example of data reductionusing EsoRex

A simple,typical datareductionprocedurés describechere®

We suggestthe userto organizehis dataper type, obsered bandand camerasetting. Dark framesmay be
groupedperdetectoDIT, framesto computedistortionandframesto computedetectomonlinearitiesmay be
organizedper obsered band. The detectorDIT is given by the value of the FITS keyword DET DIT’. The
obsered bandis indicatedby the valueof the FITS keyword INS SETUPID. The camerasettingis indicated
by thevalueof INS OPTILNAME. In theexamplesbelon we supposgheuserhasdataacquiredn bandK and
with the 100 maspre-opticsetting,and DIT=600. In the following examples/path_raw/  indicatesthe full
pathto the sourcereedirectorycontainingraw data.

Dark Framesthoseframesarecharacterizethy DPR.TYPE="DARK,

/path_raw/DARK/ 600/ SINFO.2 004- 08- 23T09: 36:12 .3 16.f it s DARK
/path_raw/DARK/ 600/ SINFO2 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

Detectoiinearity at eld frames:thoseframesarecaracterizedy DPR.TYPE='LINEARITY,LAMP'

®Theprocedurausing Gasganois conceptuallyidentical.
"We omit herethe pre x HIERARCHESO
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/path_raw/LINEA  RITY/K/ SI NFO.2005- 02-2 6T20:09 :5 0. 882. fit
/path_raw/LINEA  RITY/K/ SI NFO.2005- 02-2 6T20:10 :0 7. 455. fit
/path_raw/LINEA  RITY/K/ SI NFO.2005- 02-2 6T20:10 :2 3. 047. fit
/path_raw/LINEA  RITY/K/ SI NFO.2005- 02-2 6T20:10 :3 8. 240. fit
/path_raw/LINEA  RITY/K/ SI NFO.2005- 02-2 6T20:10 :5 6. 403. fit
/path_raw/LINEA  RITY/K/ SINFO.2005- 02-2 6T20:11 :3 1. 128. fit
/path_raw/LINEA  RITY/K/ SINFO.2005- 02-2 6T20:11 :5 9. 183. fit
/path_raw/LINEA  RITY/K/ SINFO.2005- 02-2 6T20:12 :2 7. 247. fit

LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP

n nu n nnuonnon

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

/path_raw/DISTO RTION/K/SINFQO2 005-0 3- 14T11:4 6: 25.1 68.fi ts FIBRE_NS
/path_raw/DISTO RTION/K/SINFQO2 005-0 3- 14T11:4 6: 53.1 32.fi ts FIBRE_NS
/path_raw/DISTO RTION/K/S INFQO2 005-0 3- 14T11:4 7: 09.0 65.fi ts FIBRE_NS
/path_raw/DISTO RTION/K/S INFQO2 005-0 3- 14T11:4 7: 31.0 08.fi ts FIBRE_NS
/path_raw/DISTO RTION/K/SINFQO2 005-0 3- 14T11:4 7: 49.7 71.fi ts FIBRE_NS

/path_raw/DISTO RTION/K/SINFO2 005-0 3- 14T11:5 2: 35.1 16.fi ts FIBRE_NS
/path_raw/DISTO RTION/K/SINFQO2 005-0 3- 14T11:5 3: 22.8 63.fi ts FLAT_NS
/path_raw/DISTO RTION/K/SINFQO2 005-0 3- 14T11:5 3: 45.3 97.fi ts FLAT_NS
/path_raw/DISTO RTION/K/SINFQO2 005-0 3- 14T11:5 4: 08.8 61.fi ts WAVE_NS
/path_raw/DISTO RTION/K/S INFO2 005-0 3- 14T11:5 5: 10.2 20.fi ts WAVE_NS

Standardat eld frames:thoseframesarecaracterizedyy DPR.TYPE="FLAT,LAMP"

/path_raw/FLAT/ K/ 100/S INFQ2 005-0 2- 28T16: 27: 43.2 32.f its FLAT_LAMP
/path_raw/FLAT/ K/ 100/S INFQO2 005-0 2- 28T16: 28: 05.8 46.f its FLAT_LAMP
/path_raw/FLAT/ K/ 100/S INFQ2 005-0 2- 28T16: 28: 18.8 20.f its FLAT_LAMP
/path_raw/FLAT/ K/ 100/S INFO2 005-0 2- 28T16: 28: 32.5 93.f its FLAT_LAMP
/path_raw/FLAT/ K/ 100/S INFQO2 005-0 2- 28T16: 28: 45.5 66.f its FLAT_LAMP
/path_raw/FLAT/ K/ 100/S INFO2 005-0 2- 28T16: 29: 08.1 65.f its FLAT_LAMP

Arc lampframes:thoseframesarecaracterizedhy DPR.TYPE="WAVE,LAMP'

/path_raw/WAVE/ K/ 100/S INFQO2 005-0 2- 28T17: 55: 44.7 53.f its WAVE_LAMP
/path_raw/WAVE/ K/100/S INFQ2 005-0 2- 28T18: 00: 15.8 75.f its WAVE_LAMP

sciencdrames:thoseframesarecaracterizethy DPR. TYPE='OBJECTor 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 have additionalinformationontheinstrumenperformanceheusermaywantto reducealsotelluric standard
starframes:thoseframesarecaracterizedyy 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:thoseframesarecaracterizedhy DPR.TYPE="PSF-CA LI BRATOR or
DPR.TYPE='SKY,P SF-CALI 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_CALIBRATCR

We describebelov a typical datareductionsequenceaising EsoR&. In this sectionwe assumehat the user
setsin the EsoRe& con guration le ($HOME/.esore/esore.rc) the ag suppess-pe x to TRUE, sothatthe

pipelineproduct le nameshave standarchameswith extention. ts for imagesand.t ts for tables.We suggest
to verify to have the ag readonlysetto FALSE, if the userwould like to run the samerecipeseveral times

with EsoRe& having standarchamedor product les. This settingallows the pipelineto overwrite previously

generategroducts®. In the following we indicateonly thoseframesinvolved in the datareductioncascade,
suggestinghe userto renamehemaccordingo their PRO.CATG, INS.SETURD andband,andto remove the

otherproductsaftereachrecipeexecution.

1. Theusermay startto generatea masterdark. Rav darkframesmaybeputin anASCIl le, mdark_sof.
This le will look like asfollows:

/path_raw/DARK/6  00/S IN FO20 04-0 8- 23T09:3 6: 12.3 16. fi ts DARK
/path_raw/DARK/6  00/S INFQO.20 04-0 8- 23T09:5 1: 59.8 24. fi ts DARK
/path_raw/DARK/6  00/S IN FO20 04-0 8- 23T10:0 7: 40.7 60. fi ts DARK

Thenthe usercangenerateéhe masterarkwith thecommand
esoexsi_rec_mdark mdark_sof

This commandwill generatéwo les: out_bp_noise. tYPRO.CATG=BP_MAP_HP)a hot pixel map,
and out_dark. ts (PRO.CATG=MASTER_DARK), a masterdark. For corveniencewe indicate with
/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 defaultinstallationin the EsoRe con guration le ($HOME/.esorg/esora.rc) the ag suppess-pe x to FALSE andthe ag
readonlyis setto FALSE, a possiblecombinationjn which casepipelineproduct lenameswill have apre x out_,anincreasingafour
digit numberandextention. ts for imagesand.tts for tables.
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in the ASCII le linearity_sof.

/path_raw/LINEAR
/path_raw/LINEAR
/path_raw/LINEAR
/path_raw/LINEAR
/path_raw/LINEAR
/path_raw/LINEAR
/path_raw/LINEAR
/path_raw/LINEAR

IT Y/ K/ SI NFQ2 005- 02-26 T20:
IT Y/ K/ SI NFQ2 005- 02-26 T20:
IT Y/ K/ SI NFQ2 005- 02-26 T20:
IT Y/ K/ SI NFQ2 005- 02-26 T20:
IT Y/ K/ SI NFQ2 005- 02-26 T20:
IT Y/ K/ SI NFQ2 005- 02-26 T20:
IT Y/ K/ SI NFQ2 005- 02-26 T20:
IT Y/ K/ SI NFQ2 005- 02-26 T20:

09:5 0.8 82.f
10:0 7.4 55.f
10:2 3.0 47 f
10:3 8.2 40.f
10:5 6.4 03.f
11:3 1.1 28.f
11:5 9.1 83.f
12:27.2 47 f

n n nuo nnonuonon

2. Thentheusermaygenerate mapof nonlinearpixels. A setof linearityraw at eld framesmaybe put

LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP

Theusercangenerate nonlinearity badpixel map(PRO.CATG=BP_MAP_NL)with thecommand:

esoex si_rec_detlinlinearity_sof

This commandwill generateseveral les, including the non linearity bad pixel 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

. Thenthe usermay determinethe optical distortions(PRO.CATG=DISTORTION) and the slitlets dis-
tancegPRO.CATG=SLITLETS_DISTANCE).

Theuserwill selectall the les containingthestringDISTORTION in their DPR.TYPE.Usingthose les
andtheline referencdable of the correspondindrand(K) anda drs setuptablewill generatean ASCII

le distortion_sof:

/path_raw/SINFO.
/path_raw/SINFO.
/path_raw/SINFO.
/path_raw/SINFO.

/path_raw/SINFO.
/path_raw/SINFO.
/path_raw/SINFO.
/path_raw/SINFO.
/path_cdb/neonkK.
/path_cdb/drs_se

2005-0 3- 14T11:2 8:
2005-0 3- 14T11:2 8:
2005-0 3- 14T11:2 8:
2005-0 3-14T11:2 9:

19.00 7. fi
43.78 1. fi
59.72 3. fi
18.49 6. fi

2005-0 3- 14T11:5 3:
2005-0 3- 147115 3:
2005-0 3- 14T11:5 4: 08.86 1. fi
2005-0 3- 14T11:5 5: 10.22 0. fi
tf it s REF_LINE_ARC

tu p_wave.tf it s

22.86 3. fi
45.39 7. fi

ts
ts
ts
ts

FIBRE_NS
FIBRE_NS
FIBRE_NS
FIBRE_NS

ts
ts
ts
ts

FLAT_NS
FLAT_NS
WAVE_NS
WAVE_NS

DRS_SETUP_WAVE

Wherewith /path_cdb  we have indicatedthefull pathto thedirectorycontainingcalibrationdata.The

command

esoexsi_rec_distortion distortion_sof
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Will generatesereralproducts.Betweenthosealsoout_distortion.t ts,a tablecontaininginformationon
the polynomialdistortioncoefcients, andout_distances.t tsatablecontaininginformationontheslitlet

distances.

mv out_distortion.t ts /path_pro/DISTORTION_K.tts

mv out_distances.t ts/path_pro/SLITLETS DISTANCE_K.tts

rm -rf out* ts *.paf *.log

. Thenoneselectstheraw at elds andlist themin an ASCIl le m at_sof togetherwith somestatic
calibrationsandpreviously obtainedoroducts:

/path_raw/FLAT/S
/path_raw/FLAT/S
/path_raw/FLAT/S
/path_raw/FLAT/S
/path_raw/FLAT/S
/path_raw/FLAT/S
/path_cdb/REF_BP

/path_cdb/BP_MAP

Thecommand:

INFO2 005-0 2- 28T16:
INFO2 005-0 2- 28T16:
INFO2 005-0 2- 28T16:
INFO2 005-0 2- 28T16:
INFO2 005-0 2- 28T16:
INFO2 005-0 2- 28T16:

27:
28:
28:
28:
28:
29:

_MAPf it s REF_BP_MAP
_NL_K.fi ts BP_MAP_NL

esoexsi_rec_m at m at_sof

43.2 32.f
05.8 46.f
18.8 20 .f
32.593.f
45.5 66.f
08.1 65.f

its
its
its
its
its
its

FLAT_LAMP
FLAT_LAMP
FLAT_LAMP
FLAT_LAMP
FLAT_LAMP
FLAT_LAMP

generateseveral frames,includingthe masterat eld, storedin the le “out_at. ts”, andthe master

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

. Thenonelistsraw arclampframesandadditionalstaticcalibrationframesandpreviously obtainednaster
calibrationsn anASCIl le wcal_sof:

/path_raw/WAVE/S
/path_raw/WAVE/S
/path_cdb/neonkK.
/path_pro/MASTER
/path_pro/MASTER
/path_pro/DISTOR
/path_cdb/drs_se
/path_cdb/SLIT_P

Thecommand:

INFO2 005-0 2- 28T17: 55: 44.7 53.f its
INFO2 005-0 2- 28T18: 00: 15.8 75.f its

tf it s REF_LINE_ARC

WAVE_LAMP
WAVE_LAMP

_FLAT_LAMP K_100. fi ts MASTER_FLAT LA

BP_MAP_K_100.f it s MASTER_BP_MAP

I ONK:.t fit s DISTORTION
tu p_wave.tf it s DRS_SETUP_WAVE
OS K 100.tf it s SLIT_POS

esoex si_rec_warecalwcal_sof

generateseveralframesjncludingthemastemwavelengthmap,storedn 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.tts /path_pro/SLIT_POS_ K _ 100.tts
rm -rf out* ts *.paf *.log

6. Finally theuserwill reducethe sciencedata:

/path_raw/OBJNOD
/path_raw/OBJNOD
/path_raw/OBJNOD
/path_raw/OBJNOD
/path_raw/OBJNOD
/path_raw/OBJNOD
/path_pro/MASTER
/path_pro/MASTER
/path_pro/WAVE_M
/path_pro/SLITLE
/path_pro/SLIT_P
/path_pro/DISTOR
/path_cdb/FIRST _

19.3 58.fi ts
10.9 96.fi ts
33.949fi ts
08.2 04.fi ts

/S INFQ2 005-0 2- 27T06:0 9
/S INFO2 005-0 2- 27T06:1 O:
/S INFQ2 005-0 2- 27T06:1 1:
/S INFQ2 005-0 2- 27T06:1 3:
/S INFO2 005-0 2- 27T06:1 4: 40.0 68 fi ts
/ISINFQ2 005-0 2- 27T06:1 6: 11.1 22.fi ts
_BP_MA_K_100.f it s MASTER_BP_MAP

_FLAT_LAMP K_100. fi ts MASTER_FLAT LA
AP K _100.fi ts WAVE_MAP

TS DIS TANCEK.t fi ts SLITLETS_DISTAN CE

OS K_100.tf it s SLIT_POS

TIONK.t fit s DISTORTION

CQ.UMNt fit s FIRST_COL

OBJECT_NODDING
SKY_NODDING
OBJECT_NODDING
SKY_NODDING
OBJECT_NODDING
SKY_NODDING

. If the useris interestedto nd informationon the ef ciency of the detector it is necessaryo reduce
standardstarcalibrations.This canbe donecollectingappropriatedatain a stdstar_sofle:

/path_raw/OBJNOD
/path_raw/OBJNOD
/path_pro/MASTER
/path_pro/MASTER
/path_pro/WAVE_M
/path_pro/SLITLE
/path_pro/SLIT_P
/path_pro/DISTOR
/path_cdb/FIRST _

/SINFQO2 005-0 2- 27T06:0 9: 19.3 58.fi ts STD

/S INFO2 005-0 2- 27T06:1 0: 10.9 96.fi ts SKY_STD
_BP_MA_K_100.f it s MASTER_BP_MAP
_FLAT_LAMP K_100. fi ts MASTER_FLAT LAR

AP K_100.fi ts WAVE_MAP

TS DIS TANCEK.t fi ts SLITLETS_DISTAN CE

OSKt fi ts SLIT_POS

TIONK.t fit s DISTORTION

CQ.UMNt fit s FIRST_COL

. If theuseris interestedo nd informationon the strehl,it is necessaryo reducePSFstandardrames.
This canbedonecollectingappropriatedatain a psf_sof le:

/path_raw/OBJNOD
/path_raw/OBJNOD
/path_pro/MASTER
/path_pro/MASTER
/path_pro/WAVE_M
/path_pro/SLITLE
/path_pro/SLIT_P
/path_pro/DISTOR
/path_cdb/FIRST _

/SINFO2 005-0 2- 27T06:0 9: 19.3 58.fi ts PSF_CALIBRATOR

/S INFQ2 005-0 2- 27T06:1 0: 10.9 96.fi ts SKY_PSF_CALIBRATOR
_BP_MA_K_100.f it s MASTER_BP_MAP

_FLAT_LAMP K_100. fi ts MASTER_FLAT LA

AP K _100.fi ts WAVE_MAP

TS DISTANCEK 100.t fit s SLITLETS_DISTAN CE

OS K_100.tf it s SLIT_POS

TIONK.t fit s DISTORTION

CQ.UMNt fit s FIRST_COL
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5 Known problems

We suggesthe userto executethe datareductionrecipesusing parametedefaults andall the referenceand
mastercalibrationsindicatedin this manual. The following is a list of currently-knevn issueswith SINFONI
recipesandworkaroundsif available:

si_rec_wavecal This recipesometimedails to determinethe positionsof the slitlets. A possiblereasonis an

improperdatareductionparametesetting.For examplethe parametewcal-pixel_tol hasa default value
of 3.0to insuregoodaccurag. Valuesequalto 5 or 6 mayinsurehigherrobustnesatthe price of aminor
accurag.

Thesamads truefor theparameterbaving aliasesvcal-min_diff, wcal-na_coeffswcal-nb_coeffswecal-
pix_tol, wcal-y_box which in the currentreleasefor accurag, have default valuesasspeci edin the
rst columnof thefollowing tablebutin previousreleaseshey haddefault valuesasspeci edin theother
tablerows, valueswhich might offer greaterobustnesst a price of aminor accurag.

band | wcal-min_diff | wcal-na_coeffs | wcal-nb_coeffs | wcal-pix_tol | wcal-y_box | comment
ary 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

Another possibleexplanationof the failure is the usageof animproperbad pixel map. We suggesto
usethe REF_BP_MAPR provided with the presenkit releaseasinput of the si_rec_m atrecipewhich
determineshe MASTER_BP_MARwhichis input of thesi_ref_wavecalrecipe.

si_rec_objnod This recipeis muchdemandingn termof RAM. Theamountof RAM requiredis approxima-

tively givenby theformula:

RAM= MB,
where , indicatethe size of the coaddedcubeand is the numberof coaddectubes.
and areafunctionof theminimumandmaximumx andy offsetsof thecoaddedtubecomponents

with respecto the rst one:

The functioncomputeghelargestintegral valuenotgreateithan . We suggestheuserto have
atleast1GB of RAM anda swap areaat leastequalto the amountof RAM. In case, ,

, theuserneedsatleastl.6 GB of RAM, the sameamountof swap,dedicated
to run the plpellne We also suggesthe userto checkbeforestartingthe datareductionthe valuesof
keywordsSEQCUMOFFSETXandSEQCUMOFFSETY Sometimeshosemaybevery different. This
may be suchthatthe size of the outputcoaddedcubeis large enoughnot to allow a full datareduction,
dueto thelimited amountof availableRAM.

In thosecasesopr if thesinglecubecomponentgorrespondo obserationsof portionsof the sky which
do not overlapwith eachother we suggesthe userto setobjnod-jit_ind =FALSE.

si_rec_objnod WCS coordinatesn the coaddedcubemay be imprecise. WCS coordinatesare basedon the

valuesof the FITS keywordsRA andDEC. More accuratesaluesareindeedgivenby INS TARG ALFA
andINS TARG DELTA, but sometimeghosearewrong. The WCS coordinategeferto the positionof
the rst objectof thelist in the coaddedspacewhich maynot beat the centerof the FOV.
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si_rec_objnod Seldomly thisrecipemayoriginatecoaddedubesvhosespectraalongz axismayhave spikes.
This occurrencanay be anindicationthatthe kappasigmaclipping hasremoved someobjectpoint. In
thosecasesve suggesto increasehevalueof kappa.

si_rec_objnod Someusermay have obsenationstaken with thetelescopgositionanglenot equalto 0. This
occurrenceanberevealedverifying thatthevalueof the FITS keyword ADA POSANGIs not0. In those
caseghepipelinemay coaddseveralcubescomponenténcorrectly
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6 Instrument Data Description

SINFONI datareductionoften involves pair of frames: calibrationsin which an*“on” frameis acquiredwith
a calibrationlamp switchedon andan “off” framerecordedwith the samelamp switchedoff, or obserations
of scienceobjectsandof the sky background.Additionally, dark framesaretaken aswell asspecial bre at
framesusedio computeopticaldistortions.Dueto anonuniformillumination of asmallnumberof slitletsfrom
the bre link, severalraw frames(usually75) arenecessaryo computetheopticaldistortions.Eachkind of raw
frameis typically associatedo a single SINFONI pipelinerecipe,i.e., the recipeassignedo the reductionof
thatspeci c frametype. In the pipelineenvironmentthis recipewould be launchedautomatically Therecipeto
computeopticaldistortionstakesasinput severalkindsof raw frames,including ats in whichafew instrument
slitletsareilluminatedby a bre, andstandargairsof at eld andarclampframes.

In the following sectionsaftera brief descriptionof how mostof the raw datalook like, all raw SINFONI data
framesarelisted,togethemwith thekeywordsusedfor their classi cationandcorrectassociationTheindicated
DO catayory is a labelassignedo ary datatype afterit hasbeenclassi ed, which is thenusedto identify the
frameslistedin the Setof Frames(seeSection4.2.2,page22). We alsoprovide snapshotef eachof the main
raw dataon frames(“off” framessnapshotarenot providedasthey usuallylook like darkframes).

6.1 Datafeatures

In gure 6.1.0we haverepresentetiow apossibleobserationtarget, ,isimagedonthedetector . The32
inputsources slicesgeneratedby thetwo imageslicersareimagedon the detector Thesearealsocalledslitlets
andappearasvertical strips. Eachslitlet hastwo edgeswhich canbe seenby looking at the horizontaltraces
of sky emissiorlinesor atmospheri@bsorptiorfrom the hydroxyl moleculeOH. Thoselinesalsoshav thatthe
slitletsarearrangedn abrick-wall patternto easahedetectionof theiredgesandthatthe rst slitlet hasaleft
edgenotcoincidentwith theleft borderof thedetector Thedetectorcolumncorrespondingo thisedgeis called
rst columnandit is taken asreferenceo measurahe other31 slitlets' distances.This information,together
with the actualpositionof eachslitlet edgeis necessaryo reconstructheinput FOV image. The detectothas
a numberof badpixels anda circular defectnearits center The spatialinformation(both X andY directions
onthesky) is distributedalongthe horizontaldirectionalone(the X sky coordinaten eachslitlet andthe Y sky
coordinaten the differentslitlets) while the wavelengthinformationis alongthe vertical direction,increasing
downwards. The signalfrom a point-like objectin the FOV with a nite PSFappearsasa vertical stripein
eachslitlet whereits emissiornis relevantandit is superimposedn thesky backgroundmoreuniformalongthe
spatialdirectionexceptin coincidenceof emissionlinesvisible ashorizontalbright stripes.During anexposure
thedetectorcanbe hit by cosmicrays.

In gure 6.1.0we have the centralplaneof a coaddectuberesultingfrom severaltargetacquisitionsobsered
atdifferenttelescopgositions.

In gure 6.2.0we have severalexamplesof raw calibrationandsciencerames.



Doc:

VLT-MAN-ESO-19500-360(

D

ESO SINFONI PipelineUserManual ~ [\SSue:

Issuel.O
Date: Date2005-10-19
Page: 330f 88

Figure6.1.0: A possibletargetfor obseration

6.2 Raw frames

andatypical raw sciencdramelayout

We list in this sectionall raw frameswith the relevant FITS keywords (omitting the pre x HIERARCH ESO)
neededo classifythemandassociatd¢o themthe requiredcalibrationframes. Figure 6.2.0shavs the typical

appearancef thoseframes.

Dark current:

DO cateyory: DARK
Processetly: si_rec_mdark

Classi cationkeywords:
DPR CATG = CALIB
DPR TYPE = DARK
DPR TECH = IMAGE

Flat Field:

DO catgyory: FLAT_LAMP
Processetly: si_rec_mflat

Associatiorkeywords: Fig:

DETDIT

6.2.0(a)
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Figure6.1.0: A coaddedtuberesultingfrom several“mosaiced”cubes.

Classi cationkeywords: Associatiorkeywords: 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 cateyory: LINERITY_LAMP
Processedly: si_rec_detlin

Classi cationkeywords: Associatiorkeywords: Fig:
DPR CATG = CALIB INS SETUPID 6.2.0(b)
DPR TYPE = LINEARITY,LAMP

DPR TECH = IFU

Flat eld framesto computedistortions:
DO cateyory: FLAT_NS

Processedly: si_rec_distorti on
Classi cationkeywords: Associatiorkeywords: Fig:
DPR CATG = CALIB INS SETUP ID 6.2.0(c)

DPR TYPE = DISTORTION,FLAT, LAMP
DPR TECH = IFU

Ar c frames framesto computedistortions:
DO catgory: WAVE_NS

Processedly: si_rec_distorti on
Classi cationkeywords: Associatiorkeywords: Fig:
DPR CATG = CALIB INS SETUP ID 6.2.0(d)

DPR TYPE = DISTORTION,WA\E, LAMP
DPR TECH = IFU
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Figure6.2.0: (a) araw darkframewith DIT=1; (b) a at eld onin bandH, 100masj(c) a raw frameusedto
computeopticaldistortions;(d) anarclamponframe;(e) a sciencerame;(f) asky frame.

Arc frames:

DO catgory: WAVE_LAMP
Processetly: si_rec_wavecal

Classi cationkeywords: Associatiorkeywords: 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 catgyory: PSF_CALIBRATOR
Processedly: si_rec_psf

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

Sky framestakenwith STD PSFstar frames:

DO catgyory: SKY_PSF_CALIBRATOR
Processetly: si_rec_psf

Classi cationkeywords:

DPR CATG = CALIB

DPR TYPE = SKY,PSF-CALIBR ATOR
DPR TECH = IFU

STD star frames:

DO categyory: STD
Processetly: si_rec_stdstar

Classi cationkeywords:
DPR CATG = CALIB
DPR TYPE = STD
DPR TECH = IFU

Sky framestakenwith STD star frames:

DO categyory: SKY_STD
Processetly: si_rec_stdstar

Classi cationkeywords:
DPR CATG = CALIB
DPR TYPE = SKY,STD
DPR TECH = IFU

Scienceframes:

DO categgory: OBJECT_NODDING
Processedly: si_rec_objnod

Classi cationkeywords:

DPR CATG = SCIENCE
DPR TYPE = OBJECT

DPR TECH = IFU,NODDING

INS OPTI1 NAME

Associatiorkeywords:

INS SETUP ID
INS OPTI1 NAME

Associatiorkeywords:

INS SETUP ID
INS OPTI1 NAME

Associatiorkeywords:

INS SETUP ID
INS OPTI1 NAME

Associatiorkeywords:

INS SETUP ID
INS OPTI1 NAME

Fig:
6.2.0(f)

Fig:
6.2.0(e)

Fig:
6.2.0(f)

Fig:
6.2.0(e)



D

Doc: VLT-MAN-ESO-19500-360(
ESO SINFONI PipelineUserManual ~ [1SSU€: Issuel.0
Date: Date2005-10-19
Page: 37 of 88

Sky framestakenwith scienceframes:

DO categgory: SKY_NODDING
Processedly: si_rec_objnod

Classi cationkeywords: Associatiorkeywords: Fig:
DPR CATG = SCIENCE INS SETUP ID 6.2.0(f)
DPR TYPE = SKY INS OPTI1 NAME

DPR TECH = IFU,NODDING



Doc: VLT-MAN-ESO-19500-3600
ESO SINFONI PipelineUserManual ~ [1SSU€: Issuel.0

Date: Date2005-10-19

Page: 380f 88

7 Static Calibration Data

In the following sectionancillary datarequiredfor SINFONI datareductionarelisted. For eachof themwe
indicatethe correspondingralue of the HHERARCH ESOPRO CATG, in shortPRO.CATG, FITS keyword.
This hasto be usedto identify the frameslistedin the Setof Frameg(seeSectiond.2.2,page22).

7.1 Line referencetable

A referencdist of arclinesis necessarto performthewavelengthcalibration.lts PRO.CATGisREF_LINE_ARC.
Thisframeis aninputof therecipessi_rec_distortiorandsi_rec_vavecal.

7.2 DRSsetuptable

Thereareafew datareductionparametersvhich arebanddependenandaresupposedhotto change Thoseare
collectedn atablehaving PRO.CATGDRS_SETUP_WWVE. Thisframeis aninputof therecipessi_rec_distortion
andsi_rec_vevecal.

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-1( 7 2.83 5 750 1000
H+K | 1.95 -5.001433e-4 4567277e-9 8 3.00 2 1100 1260
K | 220 -2.51669e-4 1.77136e-9 4 2.00 1 760 900
J | 125 -1.500581e-4 5.8870678e-10 | 8 2.00 2 980 1175

This tablesetthevaluesfor datareductionparametersvhichin section10 arerespectiely calledbegin_wave,
guess_displguess_dispzhalf _width, fwhm, min_amp, lo_pos hi_pos

7.3 Referencebad pixel map

Detectordefectsareloggedasbadpixelsin aspecialmaskhaving PRO.CATG REF_BP_MAPRThisis aninput
of therecipesi_rec_m at.

7.4 First column referencetable

Thedatareductionrequiresasinput alsoaframeindicationthe rst columnof the rst slitlet. Its PRO.CATG is
FIRST_COLUMNL.It is aninput of therecipessi_rec_vevecal,si_rec_objnodsi_rec_psfsi_rec_stdstar
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8 Data Reduction

In thissectionafteranoverview of themainproblemghedatareductionneedgo solve, welist therequireddata
andthe recipeswhich allow to solve them,giving the datareductionsequenc@ecessaryo reducecalibration
andsciencalata.

8.1 Datareductionoverview

Theprincipleof integral eld spectroscopis describedy gure 8.1.0.A two-dimensionalmageof thesky is
separatethy animageslicerinto severalcomponentsThosearethenalignedonaslit anddispersedo separate
its spectrainformationandthenimagedon a detector Themain SINFONI datareductionproblemso solve are
thefollowing.

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

Performthe wavelengthcalibration.

ReconstructheimageFOV from the 32 imageslicesin aformatwhich containsboththe spatialandthe
spectrainformation.

Devisepropercalibrationsandobsenrationsto beableto properlycorrecttheemissionfrom the sky, from
theinstrumentandfrom thetelescopeavhich arevery strongin the NIR. This requiresto take sky frames
togethemith theobjectframesin the night obserations,daily calibrationswith the at lampswitchedon
andoff, andpossiblydarkframes.

In the following descriptionwe alsoindicatein parenthesisor eachframethe correspondind®?RO.CATG. To
locatethe detectobadpixelsoneusesabadpixel map.A masteibadpixel mapresultingfrom the combination
of asetof (different)badpixel mapsis generatedby the masterat recipe.Firstof all, asthe detectoiis known
to have constructiordefectsthesewill beindicatedby areferencebadpixel map(REF_BP_MAP)Hot pixels
will be determinedon dark frames(BP_MAP_HP).Non-linearresponseixels areinsteadindicatedby a bad
pixel map (BP_MAP_NL) obtainedby evaluatingthe pixel responsef a setof at exposuresof increasing
intensity Otherbadpixels (BP_MAP_NO)aredeterminecbnasetof at elds (onthemasterat eld).

A masterat eld (MASTER_FLAT _LAMP) generatedrom a setof raw at elds, is usedto correctthe
differentdetectomixel sensitvities. It is known thatthe imageslicedandprojectedon the detectoris affected
by distortions. The si_rec_distortiommecipecomputeghe distortions(DISTORTION) andthe slitlet distances
(SLITLETS_DISTANCE). It usesa setof raw frameswhereonly the rst columnof eachslitlet is illuminated
through bres. In addition ats andarcsaretakenwithin the northsouthtemplateasrequiredto reducehedata.
A setof “on” and“off” arclampframes,areferencdine table,a masterat eld, the optical distortionsmap
anda goodguessof theslitlet positionsareinput of the wavecalrecipe. This recipedeterminesa wavelength
mapandobtainsa bettercomputatiorof theleft edgepositionof eachslitlet.

Science(or PSFor telluric standardframesare correctedfor sky background,at eld, distortions,andcali-
bratedin wavelength. The sortedslitlets arethenstacled in a cube,takinginto accountthe relative distances
of the positionof the edgeof eachslitlet to the oneof the rst slitlet, with a nal imagerealignmento getsub
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Figure8.1.0:Integral Field Spectroscopdatareductionprinciple

pixel accurag. The nal productis thusa 3D datacubewherethefull spatialinformationis storedalongthe
X andY directions,andthe wavelengthinformationis storedalongthe Z direction. Eachplaneof the cubeis a
monochromaticeconstructiorof the SINFONIFOV.

Thenorth southtesttemplatetraceseachof the 32 slitletsby only one bre exposurethereforenonlinearities
of theimagescalewithin the 64 pixel of a singleslitletsarecurrentlynot correctedandcould causeminor slice
to slit ripplesin thereconstructedube.

8.2 Requiredinput data

To be ableto reducesciencedataoneneedgo useraw, productdataandpipelinerecipesin a given sequence
which providesall theinput necessaryo eachpipelinerecipe.We call this sequencea datareductioncascade.
The SINFONI datareductioncascadénvolvesthefollowing input data:

Referenceles:

— A referenceébadpixel map,indicatingknown detectordefects.

— A list of arclampemissiorlinescontainingvacuumwavelengthsandpredictedntensitiesor wave-
lengthcalibration.
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— TheDRS_SETUP_\AVE tableasinput of si_rec_distortiorandsi_rec_vavecalto specifyparam-
eterpeculiarof the wavelengthcalibrationalgorithm.

— A constanpositionassumedor the rst column.

Raw frames:

Linearity at framesto determineamapof nonlinearbadpixels.
Darks,to determinemasterdarks.
Flat elds, to determinemaster ats.

Fibre frames,to tracethe rst columnof eachslitlet and,usingalsoon/of lamp ats andarclamp
framesto computethe opticaldistortionsandsilitlet distances.

— Arc lamps,to performthe wavelengthcalibration.

— Sky framesto evaluateandsubtracthe strongandtime-variableNIR sky emission.
— Telluric STD starframes to correcttelluric absorptiorfeatures.

— PSFstandardsto evaluatethe strehl.

— Sciencdrames;to nally doscience.

Calibrationdataproducts.

Badpixel maps to correctfor the detectordefects.

Distortioncoefcients, to correctfor the opticaldistortions.

Master ats, to correctfor differentdetectorpixel ef ciencies.

Masterdarks,to correctfor theinstrumentiasif no off or sky framesareavailable.
Slitlet distancesto be ableto properlyreconstruct cube.

— Slitlets' left edgepositionsto beableto properlyreconstruct cube.

— Wavelengthmapsto obtaina cubecalibratedn wavelength.

Calibrationdataproductscan be generatedrom raw datausingthe pipeline recipes. Alternatively the user
may usecalibrationproductsobtainedrom the ESOarchve or from the ESODataFlow Operatiordepartment.
Masterbadpixel mapsthe badpixel mapscomingfrom the standardats, the masterats, theslitlets position
table,the wavelengthmapdependrom the obsered bandandinstrument pre-optic. Bad pixel mapscoming
from the nonlinearity test,distortiontables slitlet distancesteferencdine tablesdependonly onthe obsered
band.The rst columntable thereferencédadpixel map,andmasteidarksdependheitherfrom thebandnorthe
pre-optic. Sciencedatarequiringmasterdark needto have matchingvaluesof the FITS keyword HIERARCH
ESODET DIT.

8.3 Reductioncascade

The SINFONI datareductionfollows the following sequence A shortdescriptionof the availablerecipesis
givenin sectiond.1. In parenthesisve provide the valueof the DO cataeyory correspondingo eachframe.

Runsi_rec_detlinonasetof ats with increasingntensity(LINEARITY_LAMP) to determinghenon
linearity pixels badpixel map(BP_MAP_NL).
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Runsi_rec_mdark on a setof raw darks(DARK) to determinghe masterdark(MASTER_DARK) and
thehot pixelsbadpixel map(BP_MAP_HP).This mapdepend®n DIT.

Runsi_rec_m at onasetof standardat elds (FLAT_LAMP),theBP_MAP_NLandtheREF_BP_MAP

to determinghemastebadpixel map(MASTER_BP_MAP)andthemastetamp at (MASTER_FLAT_LAMP).

Runsi_rec_distortiononasetof bre ats (FIBRE_NS),on/off arclamps(WAVE_NS)andon/off lamp
ats (FLAT_NS), using a referencdine table (REF_LINE_ARC)to determinethe optical distortions
(DISTORTION) andthesilitlet distancegSLITLET DISTANCES).To seta few datareductionparame-
terswhich dependd$rom the obsered bandandusedinstrumenfpre-opticsheuserhasalsoto providein
inputaDRS_SETUP_\AVE tableframe.

Runsi_rec_warecalonasetof arclampframes(FLAT_WAVE), aMASTER_BP_MAR
aMASTER_FLAT LAMP, a DISTORTION, anda REF_LINE_ARCto determinghe wavelengthmap
(WAVE_MAP) andthe slitlet edgepositiontable (SLIT_POS).To seta few datareductionparameters
which dependdrom the obsened bandand usedinstrumentpre-opticsthe userhasalsoto provide in
inputa DRS_SETUP_\AVE table. If the parametemcal-slitpos_bootstraphasvalue setto FALSE,
aswe suggesfor robustnessthe userneedto provide in input alsoan appropriateSLIT _POStable,for
examplethe onewe provide aspartof dtatareductionkit.

Runsi_rec_psfon PSFstandardsanda MASTER_BP_MAR a MASTER_FLAT LAMP, a DISTOR-
TION, a SLITLET_DISTANCES,a SLIT_POS,a WAVE_MAP, anda FIRST_COLto reducethe PSF
standardandgetinformationon theinstrument strehl.

Runsi_rec_stdstaron areferenceelluric standardSTD)anda MASTER_BP_MAR
aMASTER_FLAT _LAMP, a DISTORTION, aSLITLET_DISTANCES,a SLIT_POS,a WAVE_MAP,
andaFIRST_COLto reducethetelluric standardeandgetinformationon theinstruments response.

Runsi_rec_objnodonyourscienti ¢ data(OBJECT_NODDING)anda MASTER_BP_MAR
a MASTER_FLAT_LAMP, a DISTORTION, a SLITLET_DISTANCES,a SLIT_POS,a WAVE_MAP
andaFIRST_COLto reducesciencedlata.

The main dataproductsinvolved in the datareductioncascadeareindicatedin the SINFONI associatiormap
shavn in Figure8.3.1.1t summarisalependenciebetweerraw data,calibrationproductsandrecipesnvolved
in the correctionof theinstrumentsignatureandreductionof sciencedata.Examplesof setof framesinput for
eachrecipeareprovidedin section9.
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SINFONI Assoclation Map

Calibrations | | Science
LINE FLAT WAVE DIST DARK STD PSF SCIENCE
si_rec_ si_rec_ si_rec_ si_rec_ si_rec_ si_rec_ si_rec_ si_rec_
detlin mflat wavecal distortion mdark stdstar psf obsnod
REF_BP_MAP. || REF_LINE_ MASTER_ | ___ | __________|_.____. o _____
DRS_
| | seTUP_ BPMAP_ | ___ | |l _@®.....
WAVE_ HP. o
COEFFS_NL e
a DISTORTION
BP_MAP_NL o
SLITLET_ o
DISTANCES
MASTER_
FLAT e
MASTER_BP.
MAP o
A
WAVE_MAP o
SLIT_POS o
FIRST_COL 0
y
PSF products _o _____
A 4
STD products | ____________ e _____
Comments:
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9 Pipeline Recipesinterfaces

In this sectionwe provide for eachrecipeexamplesof therequiredinput data(andtheirtags).In thefollowing
we assumehat /path_ le_raw/ lename_rawv. ts and/path_le_cdb/lename_cHltts are existing FITS les
(e.g./datal/sinfoni/com2/SINFO.20@8B-16T02:54:04.353 ts and/cal/sinfo/ifu/calDISTORTION_K.t ts).

We alsoprovide alist of the pipelineproductsfor eachrecipe,indicatingtheir default recipename(eventually
replacedby esora to agivenstandard)thevalueof the FITS keyword HHERARCH ESOPRO CATG (in short
PRO.CATG) anda shortdescription.Therelevant keywordsare PRO.CATG, usedto classifyeachframe,and
to associatéo eachraw framethe propercalibrationframe:

Associatiorkeyword Information
HIERARCHESOINS SETUPID band
HIERARCHESOINS OPTI1INAME | Pixel scale
HIERARCHESODET DIT Integrationtime

For eachrecipewe alsolist in atablethe input parametergasthey appeatin therecipecon guration le), the
correspondingliaseqthe correspondingnamedo be eventuallyseton commandine) andtheir default values.
Also quality controlparametersirelisted. Thosearestoredin relevant pipelineproducts.More informationon
instrumentguality controlcanbefoundon http://www.eso.og/qc

We distinguishbetweerrecipesinvolved in the datareductioncascadéhaving pre x si_rec)anduserutilities
(with pre x si_utl).

9.1 si_rec_detlin

Therecipesi_rec_detlicomputegshe detectorresponsiity asa function of the pixel intensityanddetermines
whenit becomesionlinear

9.1.1 Input

Ipath_file_raw/ SINFO.2004- 08-1 6T02: 54:0 4. 353.f it
/path_file_raw/ SINFO.2004- 08-1 6T02: 53:3 7. 089 .f it
Ipath_file_raw/ SINFO.2004- 08-1 6T02: 52:2 3. 028.f it
/path_file_raw/ SINFO.2004- 08-1 6T02: 51:59. 774 .f it
Ipath_file_raw/ SINFO.2004- 08-1 6T02: 50:3 8. 991.f it
/path_file_raw/ SINFO.2004- 08-1 6T02: 50:1 1. 797 .f it
/path_file_raw/ SINFO.2004- 08-1 6T02: 49:0 4. 887.f it
/path_file_raw/ SINFO.2004- 08-1 6T02: 48:3 6. 792.f it

LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP
LINEARITY_LAMP

nu no no nnononon

9.1.2 Output

| defaultrecipe le name | PRO.CATG | shortdescription
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lin_det_info.tts LIN_DET_INFO | Tablewith coefcients of nonlinear t
to medianof each at imageimage
gain_info.t ts GAIN_INFO Tablewith detectors gainvalues
out_bplin_codéCule. ts | BP_COEFF imagewith coefcients of nonlinear t to pixel's
intensityusedto evaluatenonlinearity
out_bp_lin. ts BP_MAP_NL Non linearbadpixel map

9.1.3 Quality control

Thepipelinecomputeghenonlinearcoefcients, thenumberof nonlinearpixelspergrating,thedetectomain.

Detector non linearity Thedetectomonlinearity is computedasdescribedn 10.1.3. The computedcoef-
cientsareQC.BP-MARLINi.MED (i=0,1,2).

A differentmethodis appliedto determinghe samequantityasdescribedn 10.1.3.Thecomputedcoefcients
areQC.BP-MAPLINi.MEAN (i=0,1,2).

Non linear bad pixels The pipeline computesthe numberof non linear bad pixels. Thoseare given by
QC.BP-MARNBADPIX andareobtainedwith the methodQC.BP-MAPMETHOD.

Detectorgain Thedetectomainis computedasdescribedn 10.1.5andis givenby the valueof QC.GAIN.

9.1.4 Parameters

parameter alias default
sinfoni.bp_lin.order bp_lin-order 2
sinfoni.bp_lin.threshagma factor | bp_lin-thresh_sigmacf | 10.0
sinfoni.bp_lin.nlin_reshold bp_lin-nlin_threshid 0.5
sinfoni.bp_lin.lev_rejedion bp_lin-lo_rej 10.0
sinfoni.bp_lin.highrejecion bp_lin-hi_rej 10.0

9.2 si_rec_mdark

Therecipesi_rec_mdarlgenerates masterdark from a setof raw darksby stackingframeswith rejectionof
outliers.It alsogenerates badpixel map agging the hot-currentpixels.

9.2.1 Input

Ipath_file_raw/ SINFO.2004- 08-1 6T01: 24:5 3. 070.f it s DARK
/path_file_raw/ SINFO.2004- 08-1 6T01: 09:2 2. 905.f it s DARK

D
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/path_file_raw/ SINFO.2004- 08-1 6T00: 53:5 1. 890.f it s DARK
/path_file_raw/ SINFO.2004- 08-1 6T00: 38:1 4. 994.f it s DARK

9.2.2 Output
defaultrecipe 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 framesareprocessedb monitorthe RON, ReadOut NoiseperDIT, the FPN, Fixed PatterNoiseperDIT,
thedetectorcountsperDIT, the numberof hot pixelsperDIT.

RON The RON is computedon the whole detectorchip andgiven asvalue of the QC.RON parameter For
quality controlthosevaluesaremonitoredasafunctionof time andDIT. Two consecutie framesaresubtracted
from eachotherandthe medianstandardieviation of a limited numberof sampless taken andnormalisedo
DET.NDIT=1. TheRON is computedn two regionsandis given by thevaluesof QC.RON1andQC.RON2.

Dark mediancounts Themedianandstandardieviation of thecountsin themastemdarkframearemonitored
by DFO. Its valueandstandardleviation aregiven by the valuesof QC.DARKMED.AVE and
QC.DARKMED.STDEV

Fixed Pattern Noise A histogramof the masterdarkis producedanda t is applied;the standarddeviation
(sigma)of the Gaussians the FPN. This value,loggedby parameteQC.DARKFPN, is monitoredfor different
DITs. The FPN shouldscalelinearly with the numberof counts. For this reasonthe ratio FPN/countsis
monitoredfor differentDITs.

Number of hot pixels The numberof pixels having anintensitygreaterthana thresholdis monitoredin the
parameteQC.BP-MARNBADPIX

9.2.4 Parameters

parameter alias default
sinfoni.bp_noise.tiesh sgma factor | bp_noise-thresh_siga_ftt | 10.0
sinfoni.bp_noise.lo_rgection bp_noise-lo_rej 10.0
sinfoni.bp_noise.hiy rejecion bp_noise-hi_rej 10.0
sinfoni.dark.lev_rejecton dark-lo_rej 0.1
sinfoni.dark.high_jection dark-hi_rej 0.1
sinfoni.dark.gc_rorxmin dark-gc_ron_xmin 1
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sinfoni.dark.qc_rorxmax
sinfoni.dark.gc_ronymin
sinfoni.dark.qc_rorymax
sinfoni.dark.gc_rorhsze
sinfoni.dark.qc_romsamp
sinfoni.dark.gc_fpnxmin
sinfoni.dark.qc_fprxmax
sinfoni.dark.gc_fpnymin
sinfoni.dark.gc_fpnymax
sinfoni.dark.qc_fprhsize
sinfoni.dark.qc_fpmsamp

dark-qc_ron_xmax
dark-gc_ron_ymin
dark-gc_ron_ymax
dark-gc_ron_hsize
dark-gc_ron_nsamp
dark-gc_fpn_xmin
dark-gc_fpn_xmax
dark-gc_fpn_ymin
dark-gc_fpn_ymax
dark-gc_ron_hsize
dark-gc_ron_nsamp

2048

2048

100

2047

2047

1000

9.3 si_rec_mat

Therecipesi_rec_m atcomputesamasterat eld frameandabadpixel mapindicatingpixelswhoseintensity
is beyonda giventhreshold.

9.3.1 Input

/path_file_raw/
/path_file_raw/
/path_file_raw/
/path_file_raw/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/

SINFO.2005- 02-2 8T16:
SINFO.2005- 02-2 8T16:
SINFO.2005- 02-2 8T16:
SINFO.2005- 02-2 8T16:

REF_BP_MA.fi ts REF_
ts BP_MAP_NL

BP_MAP_NL H_025.fi

27:4 3. 232.f it s FLAT_LAMP
28:0 5. 846 .f it s FLAT_LAMP
28:1 8. 820.f it s FLAT_LAMP
28:3 2. 593 .f it s FLAT_LAMP

BP_MAP

BP_MAP_H 025. fi ts BP_MAP

SLIT _POS_H_025. fit

s SLIT_POS

**

*%

With ** we have listedanadditionaframeswhicharerequiredonlyif sinfoni.lamp__ ats.inter pol_index==TRUE
(usuallynotthecase).

9.3.2 Output

defaultrecipe le name

PRO.CATG

shortdescription

out_at. ts
out_bp_norm. ts
out_bpmap_sum. ts

MASTER_FLAT_LAMP
BP_MAP_NO
MASTER_BP_MAP

masterat eld

“Above threshold"badpixel map

mastemadpixel map

9.3.3 Quality control

With thisrecipeonecanmonitorthelampef ciency for eachgrating,thenumberof badpixelsfor eachgrating,
thenumberof countsin thelamp-of framesthe x edpatternoisein two givenregions.
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Lamp ux The ux of the halogenlampasmeasuredy the detectordependsn the intrinsic brightnessof
the lamp but also on the spectroscopisettingandthe alignmentof optical elements.The lamp-of frameis
subtractedrom the lamp-onframe. The ux eson this differenceframe ascomputedby the recipeare mon-
itored from the parameteiQC.SPECFLA.NCNTSAVG (the standarddeviation of thosevaluesis given by
QC.SPECFLA.NCNTSSID). Day-timespectral ats calibrationscomein ve pairsof lamp-onandlamp-of
frames.Night time calibrationgattachectalibrations)comeasonepair.

For eachlamp-onframethe correspondingamp-of frameis subtractecandthe medianis calculated.The QC
parameteQC.SPECFLA.OFFFLWX is theaverageof theseb values.

Bad pixels Thenumberof badpixelsfoundonthe mastedlamp at aremonitoredfrom the valueof QC.BP-
MAP.NBADPIX. The numberof bad pixel in the masterbad pixel mapis given by the value of QC.MBP-
MAP.NBADPIX

Lamp-off ux It isimportantto monitorthelight/heatcontaminatiorin the opticalpath. The ux measured
in lamp-of framesis usuallya few countsabove the resetanomalyat the sameDIT (the dark counts),sincea
broadband lter is usedfor the lamp-of frames,while the dark framesaretaken with two excluding narrav
band lters.The pipelinemonitorsHIERARCHESOQC SPECFLA OFFFLUX,thatis theaverageof the( ve)
off-lamp medians.

Fixed Patter Noise The pipelinecomputeghe Fixed Patternnoise,in a selectedegion onthearray Thisis
a simple standarddeviation of the at productframe. Theregion is speci edin thesi_rec_m at.rc le. Two
regionsaremonitoredoy parameterQC.LFLAT.FPN1andQC.LFLAT.FPN2.DuringtheobservingoeriodP75
the rst region wasthe centralquarterf@512,@512:@1536,@153ah the sameobservingperiodthe second
region wasanareaon onesingleslitlet [@1350,@1000: @1390,@1200].

9.3.4 Parameters

parameter alias default
sinfoni.bp_norm.sigmaadtor bp_norm-s_dctor 5.0
sinfoni.bp_norm.methodndex bp_norm-method_ind 1
sinfoni.bp_normdctor bp_norm-fct 10.0
sinfoni.bp_norm.iteratits bp_norm-it 8
sinfoni.bp_norm.lw_rejecion bp_norm-lo_rej 0.1
sinfoni.bp_norm.high ejection bp_norm-hi_re;j 0.1
sinfoni.bp_norm.lIx bp_norm-lix 270
sinfoni.bp_norm.lly bp_norm-Ily 1000
sinfoni.bp_norm.urx bp_norm-urx 310
sinfoni.bp_norm.ury bp_norm-ury 1200
sinfoni.bp_norm.threska index bp_norm-thr_ind TRUE
sinfoni.bp_norm.meanadtor 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.lev_rejecton
sinfoni.lamp__ ats.high_rection
sinfoni.lamp__ ats.interpolindex
sinfoni.lamp_ ats.max_rad
sinfoni.lamp_ ats.bad_ind
sinfoni.lamp__ ats.sigma aftor
sinfoni.lamp__ ats.&ctor
sinfoni.lamp__ ats.iteratios
sinfoni.lamp__ ats.bad_le_rgection
sinfoni.lamp_ ats.bad_hig rejecion
sinfoni.lamp__ ats.lIx
sinfoni.lamp_ ats.lly
sinfoni.lamp__ ats.urx
sinfoni.lamp_ ats.ury
sinfoni.lamp__ ats.threshnd
sinfoni.lamp_ ats.meanator
sinfoni.lamp__ ats.qc_fpnxminl
sinfoni.lamp_ ats.qc_fpnxmaxt
sinfoni.lamp__ ats.qc_fpnyminl
sinfoni.lamp__ ats.qc_fpnymaxt
sinfoni.lamp_ ats.qc_fpnxmin2
sinfoni.lamp__ ats.qc_fpnxmax2
sinfoni.lamp_ ats.qc_fpnymin2
sinfoni.lamp__ ats.qc_fpnymax2
sinfoni.lamp_ ats.qc_thrds min
sinfoni.lamp__ ats.gc_thrds max

lamp_ ats-lo_rej

lamp_ ats-hi_rej

lamp__ ats-interpol_inex
lamp_ ats-max_rad
lamp_ ats-bad_ind
lamp_ ats-sigma_dctor
lamp__ ats-factor

lamp_ ats-iterations
lamp_ ats-bad_lo_rej
lamp_ ats-bad_hi_rej
lamp_ ats-lIx

lamp_ ats-lly

lamp_ ats-rrx

lamp_ ats-ury

lamp_ ats-tresh_ind
lamp__ ats-mean _dctor
lamp_ ats-qc_fpn_xminl
lamp_ ats-qc_fpn_xmax1
lamp_ ats-qc_fpn_yminl
lamp_ ats-qc_fpn_ymax1
lamp__ ats-qc_fpn_xmin2
lamp_ ats-qc_fpn_xmax2
lamp_ ats-qc_fpn_ymin2
lamp_ ats-qc_fpn_ymax2
lamp_ ats-qc_thresh_min

lamp_ ats-qc_thresh_max

0.1
0.1
FALSE

FALSE
5.0
3.0

10.0
10.0
1350
1000
1390
1200
FALSE
10.0
512
1536
512
1536
1350
1390
1000
1200

49000

9.4 si_rec_distortion

Therecipesi_rec_distortions usedto computethe optical distortion. It alsocomputegherelative distanceof
theslitletsfrom the rst one.

9.4.1 Input

/path_file_raw/
/path_file_raw/
/path_file_raw/
/path_file_raw/
/path_file_raw/
/path_file_raw/
/path_file_raw/
/path_file_raw/
/path_file_raw/

SINFO.2004- 08-1 6T13: 17:2 8. 050.f it s FIBRE_NS
SINFO.2004- 08-1 6T13: 16:5 6. 095.f it s FIBRE_NS
SINFO.2004- 08-1 6T13: 16:3 4. 352.f it s FIBRE_NS
SINFO.2004- 08-1 6T13: 16:1 4. 839.f it s FIBRE_NS
SINFO.2004- 08-1 6T13: 15:5 5. 156.f it s FIBRE_NS
SINFO.2004- 08-1 6T13: 16:5 5. 156.f it s WAVE_NS
SINFO.2004- 08-1 6T13: 17:5 5. 156.f it s WAVE_NS
SINFO.2004- 08-1 6T13: 18:5 5. 156.f it s FLAT_NS
SINFO.2004- 08-1 6T13: 19:5 5. 156.f it s FLAT_NS
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/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/

neonK.t fi ts REF_LINE_ARC

dr s_set up_wave. tfi ts DRS_SETUP_WAVE
BP_MAP H 025.fi ts BP_MAP i

SLIT _POS_H_025. fit s SLIT_POS i

With ** we have listedanadditionaframeswhicharerequiredonlyif sinfoni.lamp__ ats.inter pol_index==TRUE
(usuallynotthecase).

9.4.2 Output
defaultrecipe le name PRO.CATG shortdescription
out_at. ts MASTER_FLAT _LAMP masterat eld
out bp_dist. ts BP_MAP_DI “Above threshold"badpixel map

fake off framefrom FIBRE,NS
fake onframefrom FIBRE,NS
fake on-of

out_ns_stack_bfts
out_ns_stack on.ts

FIBRE_NS_SACKED_OFF
FIBRE_NS_SACKED_ON

out_ns_stack. ts
out_wecal_stack. ts
out_slitlets_pos rpdist.t ts

FIBRE_NS_SRACKED
WAVE_LAMP_STACKED
SLITLETS_POS_PREDIST

stacledarcframe
computedslitletsedge

positionsbeforedistortioncorrection

out_distortion.t ts DISTORTION computedpticaldistortions
out_ns_stack arp. ts FIBRE_NS SRACKED_DIST | on-off framecorrectedor distortions
out_ns.ts MASTER_SLIT on-of framemultiplied by BP map

out_distances.tts SLITLETS DISTANCE computedslitlet distances

9.4.3 Quality control

Therecipesi_rec_distortiomeneratetheDISTORTION productthatis aFITStablecontainingthecoefcients
of the opticaldistortionpolynomial. Polynomialcoefcients aremonitoredby QC.COEFFij,ij=00, 10,01, 11,
20,02,21,12.

Sincethe coefcients may be dif cult, the optical distortionis 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 shaws the locationof the ve pointson the array (like the ve symbolon a dice) and
theappliedshiftsin x (alongarow), enhancedby a givenfactor The opticaldistortionwill shiftandshrinkthe
initial dice gure. The QC parametersle ned to monitor thoseshifts are QC.XSHIFT.CC, QC.XSHIFTLL,
QC.XSHIFTLR, QC.XSHIFTUR, QC.XSHIFTUL.

Thesecondoroductof the northsouthtestrecipeis the SLITLETS_DISTANCESproduct,therelative distance
betweerthe 32 slitlets,monitoredby QC.SL.DIST, =0,30.

Trendingdescribeshevariationof a QC1parametewith time. Thefollowing QC1parameteraredetermined
andmonitored:

Therecipesi_rec_distortiordetermineshedistortionin termsof polynomialcoefcients
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CO+C1X +C2Y +C3XY +C4XX +C5YY + C6XXY +C7XYY

Therecipealsodeterminesherelative pixel distancebetweerconsecutie slitlets, a valuearoundé4.

Distortion coef cients : Thecoefcients COto C7 aremonitored

Referencepixels shift : Distortioncoefcients areappliedto ve pointsonthechip.

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

9.4.4 Parameters

parameter alias default
sinfoni.lamp__ ats.lev_rejecton lamp_ ats-lo_rej 0.1
sinfoni.lamp__ ats.high_rection lamp_ ats-hi_rej 0.1
sinfoni.lamp__ ats.interpolindex lamp__ ats-interpol_inéx 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 afctor lamp__ ats-sigma_dctor 5.0
sinfoni.lamp__ ats.&ctor lamp_ ats-factor 3.0
sinfoni.lamp__ ats.iteratios lamp__ ats-iterations 8
sinfoni.lamp_ ats.bad_le_rgection lamp_ ats-bad_lo_rej 10.0
sinfoni.lamp_ ats.bad_hig rejecion lamp_ ats-bad_hi_rej 10.0
sinfoni.lamp__ ats.lIx lamp_ ats-lIx 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.threshnd lamp_ ats-tresh_ind FALSE
sinfoni.lamp__ ats.meanatr lamp_ ats-mean dctor 10.0
sinfoni.lamp_ ats.qc_fpnxminl lamp_ ats-qc_fpn_xminl 512
sinfoni.lamp__ ats.qc_fpnxmaxt lamp_ ats-qc_fpn_xmax1 1536
sinfoni.lamp_ ats.qc_fpnyminl lamp_ ats-qc_fpn_yminl 512
sinfoni.lamp__ ats.qc_fpnymaxt lamp_ ats-qc_fpn_ymax1 1536
sinfoni.lamp__ ats.qc_fpnxmin2 lamp__ ats-qc_fpn_xmin2 1350
sinfoni.lamp__ ats.qc_fpnxmax2 lamp_ ats-qc_fpn_xmax2 1390
sinfoni.lamp_ ats.qc_fpnymin2 lamp_ ats-qc_fpn_ymin2 1000
sinfoni.lamp__ ats.qc_fpnymax2 lamp_ ats-qc_fpn_ymax2 1200
sinfoni.lamp_ ats.qc_thrds min lamp_ ats-qc_thresh_min 0
sinfoni.lamp_ ats.qc_thrds max lamp_ ats-qc_thresh_max 49000
sinfoni.bp.method bp-method Normal
sinfoni.bp_dist.sigma_famt bp_dist-s_dictor 2.0
sinfoni.bp_dist.methodhdex bp_dist-method_ind 1
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sinfoni.bp_distdcta bp_dist-fct 999.0
sinfoni.bp_dist.iterabns bp_dist-it 8
sinfoni.bp_dist.lev_rejection bp_dist-lo_rej 0.1
sinfoni.bp_dist.highrejecion bp_dist-hi_rej 0.1
sinfoni.bp_dist.lIx bp_dist-lIx 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.threghd_index bp_dist-thr_ind TRUE
sinfoni.bp_dist.meanadtor bp_dist-mean_fct 999.0
sinfoni.bp_dist.min_cut bp_dist-min_cut 0.0
sinfoni.bp_dist.max_dcu bp_dist-max_cut 5e+04
sinfoni.stackd.lonv_rejection stack-lo_rej 0.1
sinfoni.stackd.high rejecion stack-hi_rej 0.1
sinfoni.stackd. at_index stack- at_ind TRUE
sinfoni.stackd.mask_idex stack-mask_ind 1
sinfoni.stackd.ind_ndex stack-ind_ind FALSE
sinfoni.stackd.mask_ra stack-mask_rad 4
sinfoni.stackd.gaussndex stack-gauss_ind FALSE
sinfoni.stackd.lernd_half width stack-khw 2
sinfoni.stackd.warp x_ind stack-varp x_ind TRUE
sinfoni.stackd.warp x_kernel stack-varp x_kernel tanh
sinfoni.stack.qc_thrésmin stack-gc_thresh_min 0
sinfoni.stack.qc_thresmax stack-qc_thresh_max 64000
sinfoni.distortion.cab_indicatar dist-calib_indicadr TRUE
sinfoni.distortion.min_iif_mean med col_int | dist-min_dif_mean_medcd_int | 10.0
sinfoni.distortion.hdl width dist-hw 7
sinfoni.distortion.sima dist-sigma 2.0
sinfoni.distortion.fwhm dist-fwhm 2.0
sinfoni.distortion.min_mplitude dist-min_amplitude 5.0
sinfoni.distortion.maxreddual dist-max_residual 0.5
sinfoni.distortion.n_acoefcients dist-n_a_cod$ 4
sinfoni.distortion.n_bcoef cients dist-n_b_codé 2
sinfoni.distortion.siga_facbr dist-sigma_dictor 15
sinfoni.distortion.writecoeffs_ind dist-wcoef _ind TRUE
sinfoni.distortion.writepar_ind dist-par_ind TRUE
sinfoni.distortion.pixel_idt dist-pixel-dist 12
sinfoni.distortion.pixel d dist-pixel_tol 3.0
sinfoni.distortion.vave_map ind dist-wave_map_ind FALSE
sinfoni.distortion.magador dist-mag_éctor 8
sinfoni.distortion.slitpos_indicatar dist-slit_pos_ind TRUE
sinfoni.distortion. t_bdtz_indicabor dist- t_boltz_ind TRUE
sinfoni.distortion. t_edye_indicatar dist-t_edge_ind FALSE
sinfoni.distortion.e#hate indicator dist-estimate_ind FALSE
sinfoni.distortion.boxlengh dist-box_len 32
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sinfoni.distortion.y_bx dist-y_box 5.0
sinfoni.distortion.dif tol dist-diff_toll 2.0
sinfoni.distortion.qcthresh_min dist-gc_thresh_min 0
sinfoni.distortion.qcthredh_ma dist-gc_thresh_max 64000
sinfoni.distortion.laver_rejecion ns-lo_rejection 0.1
sinfoni.distortion.higer_rejection ns-hi_rejection 0.1
sinfoni.distortion.masknd ns-mask_ind FALSE
sinfoni.distortion.gawssind ns-gauss_ind FALSE
sinfoni.distortion.kmd_half width ns-khw 2
sinfoni.distortion.nshdf_width ns-hw 4
sinfoni.distortion.nsfwhm ns-fwhm 2.0
sinfoni.distortion.min_idif ns-min_dif 1.0
sinfoni.distortion.de td ns-de_tol 20.0
sinfoni.north_southtest.lov_rejecion ns-lo_rej 0.1
sinfoni.north_southtest.ngh rgection ns-hi_rej 0.1
sinfoni.north_southtest. ma&_ind ns-mask_ind FALSE
sinfoni.north_southtest.causs ind ns-gauss_ind FALSE
sinfoni.north_southtest.kerrel_hdf_width ns-khw 2
sinfoni.north_southtest.half_width ns-hw 4
sinfoni.north_southtest.fwhm ns-fwhm 2.0
sinfoni.north_southtest.min_diff ns-min_dif 1.0
sinfoni.north_southtest.dev_tol ns-de_tol 20.0

9.5 si_rec_waecal

Therecipesi_rec_vavecalis usedto determinethe wavelengthdispersioncoefcients andconstructa wave-
lengthcalibrationmap. It alsodetermineshe positionsof theedgesof eachslitlet.

9.5.1 Input

/path_file_raw/
/path_file_raw/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/

SINFO.2004- 08-1 5T11: 26:4 9. 348.f it s WAVE_LAMP
SINFO.2004- 08-1 5T11: 26:1 9. 304.f it s WAVE_LAMP
neonK.t fi ts REF_LINE_ARC

MASTER_FLAT LAMP_K 100.f it s MASTER_FLAT_LMP
MASTER BP_MAP_K_100. fi ts MASTER_BP_MAP
DISTORTON K. tf its DISTORTION

dr s_set up_wave. tfi ts DRS_SETUP_WAVE

SLIT _POS_K_100. tfi ts SLIT_POS

Theslitlet positiontable,classi edasSLIT _POS,is anecessarinputif the parametewcal-slitpos_bootstrap
is setto FALSE, which we suggesfor robustness.As this is alsoa productof this step,we have provided a
completelist of mastercalibrationsfor this frame as part of the datareductionkit. If the userwould like to
setthe parametewcal-estimate_indto TRUE, anadditionalinput tableto have a guessof the slitlet positions
mustbe provided, with the classi cation SLIT_POS_GUESSThe usermay for exampleusefor this tablea
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copy of the appropriatgband,pre-opticsprovided SLIT_POS.If the parametekvcal-calib_indicator is setto
FALSE, theuserhasto provide alsothe parabolict coefcients table,to beclassi edasWAVE_COEF_SLIT
for exampletheonewhich canbeobtainedrunningtherecipewith wcal-calib_indicator setto TRUE (default).

9.5.2 Output
defaultrecipe le name | PRO.CATG shortdescription
out_stack_m at_dist. ts| MFLAT_STACKED_DIST | stacled FLAT,LAMP frames
out_wcal_stack. ts WAVE_LAMP_STACKED | stackd WAVE,LAMP frames
out_wavemap_ima.ts | WAVE_MAP wavelengthmap: wavelength=intensity|
outCoefsSlit.t ts WAVE_COEF_SLIT parabolict coefcients, for eachpixel
out_t params.tts WAVE_FIT_RARAMS parameterselative tothe t of lines:
n_paramsnumberof rowsin thetable,
line: increasingvalueof line ID ( 0-8)
fparNanddparNare t paramsand
their errorsfor:
N meaning
0 Gaussiaramplitude,
1 fwhm,
2 centey
3 background
out_slitpos.tts SLIT_POS slitlets positions

9.5.3 Quality control

Therecipemonitorstheresolvingpower, the overall wavelengthdispersioroffsetin andpixels,theslitlets
positionin pixels.

Dispersionsolution Therecipereturnsseveral QC parametersAmongthemthe averageandmediancoef-
cientsof thewavelengthsolution(QC.COEFi.A/G, QC.COEFi.MED|=0,3). Themeasuredvavelengthcanbe
comparedgainstheencoderalue(INS.GRAT1.WLEN)andthenominalvalues(e.g.2.2000  fortheS3_K
grating). During commissioninghe gratinghave beensetup in away thatthe averageandcentralwavelengths
coincideswith thenominalvalues.

Theresolvingpower is monitoredasthe FWHM of the found arclines (QC.FWHM.MED, QC.FWHM.A/G)
divided by the centralwavelength.

Offset DFO monitorsthe offset betweenthe centralwavelengthas returnedby the recipe and the grating
encodervalue (measuredsalue minus encodervalue). Assumingthat the grating inizializes with the same
encodewnalue,this parametenominally measuregheintrinsic errorsof the pipelinerecipe.

The offset betweenmnominal centralwavelength(asgiven by 1.250J, 1.650H, 2.200K, 1.950H+K) andthe
correspondingneasure@neasgivenby thewavecalrecipein pixel units (measureaninusnominal)aremoni-
tored.
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The offsetbetweernthe encodewalueandthe nominalcentralwavelength,asgiven by 1.250J, 1.650H, 2.200
K, 1.950H+K (encodeminusnominal)allows to monitorthe positionstability/\ariability of thegrating.

Overall wavelengthcalibration error Thevalueof QC.WAVE.POSERRnNdicatesanestimateof the overall
positioningerrorfound duringthe wavelengthcalibration.

Maximum ux Themaximum ux in anarclamp frame, given by the value of QC.FRMON.MAXFLUX,
givesanindicationof thearclampaging.

9.5.4 Parameters

parameter alias default
sinfoni.stackd.lov_rejedion stack-lo_rej 0.1
sinfoni.stackd.high rejecion stack-hi_rej 0.1
sinfoni.stackd. at_index stack- at_ind TRUE
sinfoni.stackd.mask_idex stack-mask_ind 1
sinfoni.stackd.ind_imex stack-ind_ind FALSE
sinfoni.stackd.mask_ra stack-mask_rad 4
sinfoni.stackd.gaussndex stack-gauss_ind FALSE
sinfoni.stackd.lernd_half_width stack-khw 2
sinfoni.stackd.warp x_ind stack-varp x_ind TRUE
sinfoni.stackd.warp x_kernd stack-varp x_kernel | tanh
sinfoni.stack.qc_thrésmin stack-gc_thresh_min | O

sinfoni.stack.qc_thresmax

stack-qc_thresh_max

64000

sinfoni.wavecal.slitpos_bostrap switch | wcal-slitpos_bootstp | FALSE
sinfoni.wavecal.calib_ingtatar wecal-calib_indicator | TRUE
sinfoni.wavecal.min_dif wcal-min_dif 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_amplitue wcal-min_amplitude | 5.0
sinfoni.wavecal.max_residal wcal-max_residual 0.5
sinfoni.wavecal.n_a_codfients wcal-n_a_cod$ 4
sinfoni.wavecal.n_b_cdecients wcal-n_b_cod§ 2
sinfoni.wavecal.sigma dcor wecal-sigma_dctor 1.5
sinfoni.wavecal.write_cod$_ind wcal-wcoef_ind TRUE
sinfoni.wavecal.write_par rid wecal-par_ind TRUE
sinfoni.wavecal.piel_did wcal-pixel_dist 12
sinfoni.wavecal.pixel_tol wecal-pixel_tol 3.0
sinfoni.wavecal.vave_map_ind wcal-wave_map_ind | FALSE
sinfoni.wavecal.mag_dctor wcal-mag_éactor 8
sinfoni.wavecal.slit_posindicatar wcal-slit_pos_ind TRUE
sinfoni.wavecal. t_boltz_irdicabr wecal-t_boltz_ind TRUE
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sinfoni.wavecal. t_edge_idicatar wcal-t_edge_ind FALSE
sinfoni.wavecal.estimate_dicatar wecal-estimate_ind FALSE
sinfoni.wavecal.box_lentp wcal-box_len 32
sinfoni.wavecal.y _box wecal-y_box 5.0
sinfoni.wavecal.dif_tol wcal-diff_toll 2.0
sinfoni.wavecal.qc_thrds min wcal-gc_thresh_min | O
sinfoni.wavecal.qc_thrds ma wcal-gc_thresh_max | 64000
9.6 si_rec_psf

Therecipesi_rec_psfeducedSFstandardiata.lt subtractshesky, correctdor the at- eld andresampleghe
databy constructinga wavelengthcalibratedcubein which eachplaneis a monochromatiémageof the FOV.
Finally it measurethe PSFFWHM (x andy) andcomputedheinstrumentStrehlandthe encircledenengy.

9.6.1 Input

/path_file_raw/
/path_file_raw/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/

9.6.2 Output

SINFO.2004- 08-1 3T03: 26:1 2. 559.f it s PSF_CALIBRATOR

SINFO.2004- 08-1 3T03: 25:3 0. 323.f it s SKY_PSF_CALIBRATOR
MASTER BP_MAP K_250. fi ts MASTER_BP_MAP
MASTER_FLAT LAMP_K 250.f it s MASTER_FLAT LMP

WA/E_MAP_K_250. fit
SLIT _PCS_K_250. tfi

s WAVE_MAP
ts SLIT_POS

SLIT LETS_DISTANCE_K. tf it s SLITLETS_DISTANCE

DI STORTON_ K. tf its
FI RST_COLUM. tf its

DISTORTION
FIRST_COL

defaultrecipe le name

PRO.CATG

shortdescription

sky00. ts
out_sk stack_distts
out_stack_m at_dist. ts

out_stackO. ts
out_sk cube. ts
out_sk med. ts
out_mat_cube. ts
out_m at_avg. ts
out_mat_med. ts
cube_obj00. ts
out_objnod. ts
out_med_cube. ts

out_bpmap_nodding. tg

SKY_STACKED_DUMMY
SKY_STACKED_DIST
MFLAT_STACKED DIST

PSF_CALIBRATOR_STCKED
OBS_SKY

SKY_MED

MFLAT_CUBE

MFLAT_AVG

MFLAT_MED

OBS_PSF

COADD_PSF
MED_CQADD_PSF
MASK_COADD_PSF

stacled sky frame

stacled sky framedistortioncorrected
stacled masterat
distortionscorrected
stacled PSFframes

sky cube
z-medianSKY_CUBE
Master at cube

z-meanof MFLAT_CUBE
z-medianof MFLAT_CUBE
PSFSTD cube
coaddectube

z-medianof COADD_PSF
COADD_PSFsmask
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ao_performance.tts AO_PERFORMANCE strehlinformation
encircled_engy.t ts ENC_ENERGY encircledenegy information
out_psf. ts MASTER_PSF z-medianof COADD_PSF
9.6.3 Quality control
Not yetimplemented.
9.6.4 Parameters
parameter alias default
sinfoni.stackd.lov_rejection stack-lo_rej 0.1
sinfoni.stackd.high rgection stack-hi_rej 0.1
sinfoni.stackd. at_index stack- at_ind TRUE
sinfoni.stackd.mask ridex stack-mask_ind 1
sinfoni.stackd.ind_index stack-ind_ind FALSE
sinfoni.stackd.mask ad stack-mask_rad 4
sinfoni.stackd.gaussndex stack-gauss_ind FALSE
sinfoni.stackd.lerrel_half_width | stack-khw 2
sinfoni.stackd.warp x_ind stack-varp x_ind TRUE
sinfoni.stackd.warp x_kernel stack-varp x_kernel | tanh
sinfoni.stack.qc_thelh min stack-qc_thresh_min| O
sinfoni.stack.qc_thet_max stack-gc_thresh_max 64000
sinfoni.objnod.autdter mehod objnod-aj_method 1
sinfoni.objnod.scalesky objnod-scales_gk TRUE
sinfoni.objnod.ks_@b objnod-ks_clip TRUE
sinfoni.objnod.kappa objnod-kappa 2.0
sinfoni.objnod.sizex objnod-size_x 0
sinfoni.objnod.sizey objnod-size_y 0
sinfoni.objnod.n_cdés objnod-no_cod$ 3
sinfoni.objnod.nordscuth_index | objnod-ns_ind TRUE
sinfoni.objnod. ne_tumg_metod | objnod- ne_tune_mtd| P
sinfoni.objnod.order objnod-order 2
sinfoni.objnod.laver_rgection objnod-lo_rej 10.0
sinfoni.objnod.highe rejection objnod-hi_rej 10.0
sinfoni.objnod.tolenace objnod-tol 2
sinfoni.objnod.jitterindex objnod-jit_ind TRUE
sinfoni.objnod.vllx objnod-vllx 0
sinfoni.objnod.vlly objnod-vily 0
sinfoni.objnod.vurx objnod-vurx 0
sinfoni.objnod.vury objnod-vury 0
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9.7 si_rec_stdstar

Therecipesi_rec_stdstareducegelluric standardstardata. It subtractshe sky, correctsfor the at- eld and
resampleshe databy constructinga wavelengthcalibratedcubein which eachplaneis amonochromatiémage
of the FOV. Finally it performsa simpleextraction(sumof countsin eachplane)andcomputegsheinstrument

ef ciency.

9.7.1 Input

/path_file_raw/
/path_file_raw/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/

9.7.2 Output

FIRST_COL

s WAVE_MAP
ts SLIT_POS

DISTORTION

SINFO.2 004- 08-1 4T08: 13:0 6. 745.f it s STD
SINFO.2004- 08-1 4T08: 14:5 2. 101.f it s SKY_STD
MASTER BP_MAP H_250. fi ts MASTER_BP_MAP
MASTER_FLAT LAMP_H 250.f it s MASTER_FLAT_LMP
WA/E_MAP_H_250. fit
SLIT _POS_H_250. tfi
SLIT LETS_DISTANCE_H.tf it s SLITLETS_DISTANCE
DI STORTON_H.tf its
FI RST_COLUM. tf its

defaultrecipe le name

PRO.CATG

shortdescription

sky00. ts
out_sk/ stack_distts
out_stack_m at_dist. ts

out_stackO. ts
out_sk/ cube. ts
out_ sk med. ts
out_m at_cube. ts
out_m at_avg. ts
out_mat_med. ts
cube_o0bj00. ts
out_objnod. ts
out_med_cube. ts
out_bpmap_noddings
out_std_star_speam.tts

starspectrum. ts

SKY_STACKED_DUMMY
SKY_STACKED DIST
MFLAT_STACKED_DIST

STD_NODDING_SACKED
OBS_SKY

SKY_MED

MFLAT CUBE
MFLAT_AVG
MFLAT_MED
OBS_STD
COADD_STD
MED_CQADD_STD
MASK_COADD_STD
STD_S®R_SPECTRA

STD_STAR_SPECTRIM

stacled sky frame

stacked sky framedistortioncorrected

stacled masterat frame
distortioncorrected

stacled PSFframes

sky cube

z-medianof SKY_CUBE
masterat cube

z-averageof MFLAT_CUBE
z-medianof MFLAT_CUBE
STD STAR cube
coaddedSTD STAR cube
z-medianof COADD_STD
COADD_STD'smask
extractedspectrum

andef ciency information
extractedspectrumlD image

9.7.3 Quality control

Not yetimplemented.
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9.7.4 Parameters
parameter alias default
sinfoni.stackd.lov_rejection stack-lo_rej 0.1
sinfoni.stackd.high rgection stack-hi_rej 0.1
sinfoni.stackd. at_index stack- at_ind TRUE
sinfoni.stackd.mask ndex stack-mask_ind 1
sinfoni.stackd.ind_index stack-ind_ind FALSE
sinfoni.stackd.mask ad stack-mask_rad 4
sinfoni.stackd.gaussndex stack-gauss_ind FALSE
sinfoni.stackd.lerrel_half_width | stack-khw 2
sinfoni.stackd.warp x_ind stack-varp x_ind TRUE
sinfoni.stackd.warp x_kernel stack-varp x_kernel | tanh
sinfoni.stack.qc_thsh_min stack-gc_thresh_min| O
sinfoni.stack.qc_thelh max stack-qc_thresh_max 64000
sinfoni.objnod.autder mehod objnod-aj_method 1
sinfoni.objnod.scalesky objnod-scales_gk TRUE
sinfoni.objnod.ks_@gb objnod-ks_clip TRUE
sinfoni.objnod.kappa objnod-kappa 2.0
sinfoni.objnod.sizex objnod-size_x 0
sinfoni.objnod.sizey objnod-size_y 0
sinfoni.objnod.n_cdés objnod-no_cod$ 3
sinfoni.objnod.nordsauth_index | objnod-ns_ind TRUE
sinfoni.objnod. ne_tuing_mehod | objnod- ne_tune_mtd P
sinfoni.objnod.order objnod-order 2
sinfoni.objnod.lev_rejection objnod-lo_rej 10.0
sinfoni.objnod.highrejecion objnod-hi_rej 10.0
sinfoni.objnod.tolenace objnod-tol 2
sinfoni.objnod.jitterindex objnod-jit_ind TRUE
sinfoni.objnod.krné_type objnod-lernel_typ tanh
sinfoni.objnod.vllx objnod-vlix 0
sinfoni.objnod.vlly objnod-vlly 0
sinfoni.objnod.vurx objnod-vurx 0
sinfoni.objnod.vury objnod-vury 0
sinfoni.std_stalow_rejection stack-lo_rej 0.1
sinfoni.std_stahigh regection stack-hi_rej 0.1
sinfoni.std_stafwhm_facor std_staifwhm_fct 5.0
sinfoni.std_stacorvergon_index std_staicorv_ind TRUE

9.8 si_rec_objnod

Therecipesi_rec_objnodeducessciencedata. It subtractghe sky, correctsfor the at- eld andresampleshe
databy constructinga wavelengthcalibratedcubein which eachplaneis a monochromatiémageof the FOV.
Finally it coaddsall the obseredtargetcubecomponentinto a mosaic.
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9.8.1 Input
Ipath_file raw/ SINFO.2004- 08-1 5T14: 02:1 8. 468.f it s SKY_NODDING
/path_file_raw/ SINFO.2004- 08-1 5T14: 01:54.844 f it s OBJECT_NODDING
Ipath_file_raw/ SINFO.2004- 08-1 5T14: 01:3 2. 741 f it s OBJECT_NODDING
/path_file_raw/ SINFO.2004- 08-1 5T14: 01:09. 827 f it s SKY_NODDING
Ipath_file raw/ SINFO.2004- 08-1 5T14: 00:4 1. 593 .f it s SKY_NODDING
/path_file_raw/ SINFO.2004- 08-1 5T14: 00:1 9. 119 f it s OBJECT_NODDING

/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/
/path_file_cdb/

9.8.2 Output

MASTER _BP_MAP K_250. fi ts MASTER_BP_MAP
MASTER _FLAT LAMP_K 250.f it s MASTER_FLAT LAMP

WA/E_MAP_K_250. fit
SLIT _POS_K_250. tfi

s WAVE_MAP
ts SLIT_POS

SLIT LETS_DISTANCE_K. tf it s SLITLETS_DISTANCE

DI STORTON_ K. tf its
FI RST_COLUM. tf its

DISTORTION
FIRST_COL

defaultrecipe le name

PRO.CATG

shortdescription

sky00. ts

SKY_STACKED_DUMMY

stacled sky frame

out_sk/ stack dist. ts

SKY_STACKED_DIST

stacked sky framedistortioncorrected

out_stack_m at_dist. ts

out_stackO. ts
out_sk cube. ts
out_sk med. ts
out_mat_cube. ts
out_m at_avg. ts
out_mat_med. ts
out_m at_cube. ts

out_objnod. ts
out_med_cube. ts
out_bpmap_nodding. tg

MFLAT_STACKED_DIST

OBJECT_NODDING_SACKED
OBS_SKY

SKY_MED

MFLAT_CUBE

MFLAT AVG

MFLAT_MED

OBS_OBJ

COADD_OBJ
MED_CQADD_OBJ
MASK_COADD_OBJ

staclkedmasterat
distortioncorrected

stacked PSFframes

sky cube

z-medianof SKY_CUBE
masterat cube

z-meanof MFLAT_CUBE
z-medianof MFLAT_CUBE
OBJcube
(intermediateroduct.there
mightbe morethanoneof those)
coaddeddBJcube
z-medianof COADD_0OBJ
COADD_OBJ'smask

9.8.3 Quality control

Not yetimplemented.

9.8.4 Parameters

| parameter

\ alias

| default |
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sinfoni.stackd.lov_rejection stack-lo_rej 0.1
sinfoni.stackd.high rgection stack-hi_rej 0.1
sinfoni.stackd. at_index stack- at_ind TRUE
sinfoni.stackd.mask ndex stack-mask_ind 1
sinfoni.stackd.ind index stack-ind_ind FALSE
sinfoni.stackd.mask _ad stack-mask_rad 4
sinfoni.stackd.gaussndex stack-gauss_ind FALSE
sinfoni.stackd.lerrel_half_width | stack-khw 2
sinfoni.stackd.warp x_ind stack-varp x_ind TRUE
sinfoni.stackd.warp x_kernel stack-varp x_kernel | tanh
sinfoni.stack.qc_thsh_min stack-gc_thresh_min| O
sinfoni.stack.qc_thelh max stack-qc_thresh_max 64000
sinfoni.objnod.autder mehod objnod-aj_method 1
sinfoni.objnod.scalesky objnod-scales_gk TRUE
sinfoni.objnod.ks_@gb objnod-ks_clip TRUE
sinfoni.objnod.kappa objnod-kappa 2.0
sinfoni.objnod.n_cdés objnod-no_codé$ 3
sinfoni.objnod.nordscuth_index | objnod-ns_ind TRUE
sinfoni.objnod. ne_tuimg_metod | objnod- ne_tune_mtd| P
sinfoni.objnod.order objnod-order 2
sinfoni.objnod.lev_rejection objnod-lo_rej 10.0
sinfoni.objnod.highrejecion objnod-hi_rej 10.0
sinfoni.objnod.tolenace objnod-tol 2
sinfoni.objnod.jitterindex objnod-jit_ind TRUE
sinfoni.objnod.krnd_type objnod-lernel_typ tanh
sinfoni.objnod.vllx objnod-vllx 0
sinfoni.objnod.vlly objnod-vily 0
sinfoni.objnod.vurx objnod-vurx 0
sinfoni.objnod.vury objnod-vury 0

9.9 si_utl_skymap

This recipe,usedto generatea specialbad pixel mapinput of the SINFONI RTD is usedto supportParanal
operationslt ags sky linesasbadpixels.

9.9.1 Input

Input aresky frameswith tag SKY

/path_file_raw/

SINFO.2004- 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_skmap.ysize | ysize | 30
si_rec_skmap.xsize | xsize | 1
si_rec_skmap.thresh thresh| 30.0

We list herefor differentpre-opticsandbandsthe suggestegpharametewalues:

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

Thisrecipeperformsbadpixel mapcoaddition.

9.10.1 Input

Theinput les areseveral(atleast2) badpixel masks.Theirtagshouldcontainthe stringBP_MAP.

/path_file_cdb/
/path_file_cdb/
/path_file_cdb/

9.10.2 Output

BP_MAP_NL_K_100.fi
BP_MAP_NO K_100.f
BP_MAP_HP K_100.fi

ts BP_MAP_NL
ts BP_MAP_NO
ts BP_MAP_HP

Theoutputis animageresultingfrom thelogical operatorOR appliedto all the masks.
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9.10.3 Parameters

Therecipeoutput lename for theproductis bp_map_sum. ts

9.11 si_utl ima_arith

Thisrecipeperformsimagecomputation.

9.11.1 Input

Theinput les are2 imagesandtheirassociatedagsshouldbe IMA.

/path_file/imal f it s IMA
/path_file/lima2 f it s IMA

9.11.2 Output

The outputis animageresultingfrom IMA op IMA whereop indicatesthe operationto be performed. If a
numericalvalueis speci ed atcommandine thisis subtractedo the rst inputimage.

9.11.3 Parameters

parameter alias | default
si_utl_ima_arith.op | op +
si_utl_ima_arith.@lue | value | 9999.0

9.12 si_utl_cube2ima

Thisrecipeperformscubeto imageconversion.

9.12.1 Input

Theinput le is acube.lts tagshouldbe CUBE.

/path_file/cube f it s CUBE

9.12.2 Output

The outputis animageresultingfrom the averageof the cubeover a wavelengthrangewhich canbe setby
parametersinfoni.si_utl_cubefha.ws,sinfoni.si_utl_cub2ima.wehaving aliasesws' 'we'. Therecipeoutput
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lename for the productis 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

Thisrecipeperformscubeto 1D spectrummagecorversion.

9.13.1 Input

Theinput les is acubelts associatedag shouldbe CUBE.

/path_file/cube f it s CUBE

9.13.2 Output

Theoutputis animageresultingfrom the cubemanipulatediccordingo the valueof the parameteop. overan
apertureasspeci ed by the parametesinfoni.si_utl_cubeghectrum.apeture having alias'op’, 'ap'.

Therecipeoutput lename for the productis out_spec. ts

9.13.3 Parameters

Possibleoperationsare: average clean_meanmedian,sum. If the chosenoperationis a cleanmeanonemay
de ne its lower andupperthresholdcutsby settingparameterso_rejandhi_rej. Possibleaperturesare: rect-
angle,circle. If thechoserapertures arectanglejts cornercoordinateanbe setwith the parameterdlx, lly,

urx, ury (lower left x,y andupperright x,y). Thoseparameter$ollow the C-stylecorvention: arraysstartatO

andendat size-1. If the chosemaperturds a circle, its positionandsizecanbe setby the parametergenterx,
centeryradius.

parameter alias default
si_utl_cube2spectniLop op average
si_utl_cube2spectnuiap ap rectangle
si_utl_cube2spectnuLlix lIx 2
si_utl_cube2spectmlly lly 2
si_utl_cube2spectmiLurx urx 28
si_utl_cube2spectnuury ury 28
si_utl_cube2spectmlo rej | lo_rej | 10



Doc: VLT-MAN-ESO-19500-3600

ESO SINFONI PipelineUserManual ~ [1SSU€: Issuel.0

Date: Date2005-10-19

Page: 65 of 88
si_utl_cube2spectmhi rej | hi_rej | 10
si_utl_cube2spectnuLcenierx | centerx| 16
si_utl_cube2spectmicenery | centery| 16
si_utl_cube2spectnradus | radius | 5

9.14 si_utl_cube_arith

This recipeperformscubearithmetics.If a parametewralueis speci edit is assumedhatthe input frameis a
cubewith tag CUBE. Elsetheinput les area cubeandanimageor a spectruntheir associatedagsshould
be respectiely CUBE, IMA or SPECTRJM. The outputis a cube (PRO.CATG=CUBE) resultingfrom the
operationCUBE op IMA or CUBE op SPECTRJM or CUBE op valuewhereop indicatesthe operationto be

performed.

9.14.1 Input

/path_file/cube
/path_file/spec

or

/path_file/cube
/path_file/limag

9.14.2 Output

fit s CUBE
tr umfi ts SPECTRUM

fit s CUBE
e. fi ts IMA

Therecipeoutput lename for the productis out_cube. ts

9.14.3 Parameters

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

9.15 si_utl_spectrum_dvide_by blackbody

Thisrecipedividesa spectrunby a Black Body spectrunmof giventemperature.

9.15.1 Input

Theinput le is aspectrumlts associatetagshouldbe SPECTRIM.
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STD_STAR_SPECTBMf its SPECTRUM

9.15.2 Output

The outputis a spectrumresultingin the division of the input spectrumby a Black Body spectrumof given
temperaturéparametettemp).

Therecipeoutput lename for the cubeproductis out_ima. ts

9.15.3 Parameters

parameter alias | default
si_utl_spectrum_arittemp | temp | 1e+05

9.16 si_utl_spectrum_wavelength_shift

Thisrecipeshift a spectrumn wavelengthaccordingo valueof theinput parametetmethod'.

9.16.1 Input
Theinput le is aspectrumlts associatetigshouldbe SPECTRIM.
STD_STAR_SPECTBMf its SPECTRUM

9.16.2 Output

Theoutputis a spectrunresultingby a simplewavelengthshift (parametershift').

Therecipeoutput lename for the cubeproductis out_ima. ts

9.16.3 Parameters

parameter alias default
si_utl_spectrum_aritmetha | method| S
si_utl_spectrum_aritbhift shift 0.1

Thespectrunis shiftedby shift to subpixel accurag resamplingheintensityof the pixelsusingeitheraspline
approximationmethod=S)r a polynomialapproximationmethod=P).
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10 Algorithms and recipedetails

In this sectionwe describethe main algorithmsimplementedn the SINFONI pipelinerecipes.Relerant data
reductionparameteraretypedin bold face.For conveniencenve omitthecommonpre x sinfoni. for therecipe
descriptionaswell asthesteppre x namefor thealgorithmdescription.

10.1 Algorithms
10.1.1 Frame stacking

Theinputimageframesarestaclkedto build a cube.Eachplaneof the cubecorrespondso aninputimage.

10.1.2 Averagewith rejection

In thisdocumentve useoftentheterminologycleanmean cleanaveiage, or average with rejection With those
termswe meanthatit is computeda meanof a list of valuesby avoiding outlier valueslike for examplebad
pixels,andthereforethis operatioryeldsabetterSNRthanasimplemean.In casethevaluesto beaveragedare
pixelsintensitiesof severalimagesstacledin a cube themeanalongthe z axisof the cubeis computedateach
X,y pixel afterhaving rejectedheintensityvalueswhichlie outsideanintenal [low_rejection,high_rejection].

10.1.3 Detectornon linearity computation

Method1

Fromtheinputsetof raw at frames,“off” and“on” framesareextractedandputin two sets.A pair of
“on” and“off” frameswith sameDIT is selectedrom eachset. Then,for eachframepair , theratio

is computedas:
And themeanof all _valuesis computedas:
A parabolict of the productof , asafunctionof _ , is performed.

Thenonlinearcoefcient of the t is thedetectomonlinearity parameter

Method2

Theinput at eld frameswith in/decreasingntensityarestacled in a cubeandfor eachpixel position
the dependencef eachplanepixel intensitywith respecto the whole planecleanaverageintensityis
determined.This curwe is t with a polynomialof orderorder. In the stackingprocesdow and high
intensitypixels mayberejectecby properlysettingthe parametertow_rejectionandhigh_rejection. A
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cleanmeanof all polynomialsis computed.The pixelswhoseintensityconstan{ ) or slope( )

coefcients exceedthe meanby thresh_sigma_factotimesthe standarddeviation of the pixel intensity
arerejected Pixelswhosenonquadraticcoefcient exceedson_lin_thresholdarerejected.

Thusamapof the pixelswhich do nothave alinearsensitvity is generatedtogethemwith atablecontain-
ing the polynomialcoefcients: thenon-lineartermsgive anestimateof the detectomon-linearity

10.1.4 Nearestneighboursbad pixel cleaning

This methodis appliedin therecipessi_rec_m atandsi_rec_distortiorio cleanthe badpixelsof a at frame.
Thealgorithmis controlledby the parametersnethod_indexandfactor, and,if method_indexis 4, the bad
pixel cleaningis repeatedterations times.

(@) (b)

Figure10.1.0: A badpixel is indicatedin black. If method_indexis 1,2 or 4 this is correctedevaluatingthe
eightnearesheighbourgixel intensitiega). If method_indexis 3, thefour closesipixelsalongthedispersion
directionareconsideredb).

If method_indexis 1, for eachimagepixel intensity , the eight nearesneighbourgixelsintensities,
, areconsiderechndthe correspondingnedian, , Is computedexcluding from this setthose
pixelswhoseintensityis NAN.
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— If theparametefactor is setto zero:

— If theparametefactor is negative:

— If theparametefactor is positie:

if
else

If method_indexis 2, the absolutedistances of the eightnearesheighbourgixels arecomputed
for eachbadpixel as:

where
if
else

Themediandistanceandits standardleviation arethencomputeds:

— If theparametefactor is zero:

— If theparametefactor is negatie:

if
else

— if theparametefactor is positve:

if
else
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If method_indexis 3, the intensitiesof the four closestpixelsin spectraldirectionare considerecand
their meanintensityis computedor eachbadpixel as:

where
if
else
— If theparametefactor is zero:
— If theparametefactor is negatie:
if
else

— If theparametefactor is positie:

if
else

If method_indexis 4, the local clean(low_rejection, high_rejection) standarddeviation _
in abox (IIx, lly, urx, ury) is computed.Thenthe differenceof the pixel andthe medianof the nearest
neighbourgs computedoy usingthe eightclosestpixelsof every pixel.

— if theparametefactor is zero:

— if theparametefactor is negatie:

— if theparametefactor is positve:

if
else

The previous operationsarerepeatedor (iterations) timesto be ableto considersmall clustersof bad
pixels.
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10.1.5 Detectorgain computation

Thegainis computedaspartof therecipesi_rec_detlin.

Pairs of consecutie off- ats (be thosefrm_offl and frm_off2) and pairs of consecutie on- ats (be those

and ) areselectedrom theinput dataframesandtheir differenceis computed
and _ ). Thenthemeanof eachframe( : ,
, ) andthe standardeviation of thedifference _ and _
arecomputed.

Finally thegainis givenhby:

10.1.6 ReadOut Noisecomputation

All possibleconsecutie pairshaving the sameDIT are extractedfrom the input setof frames. For eachpair
thesecondrameis subtractedrom the rst one.Thenthe noiseis computedn aregionde ned by parameters
Xmin, xmax, ymin, ymax, over nsamp samplesachof size hsizetaken randomlyin the given region. The
noisemultiplied by , whereNDIT thenumberof DIT repetitionsgivesthereadoutnoise.

10.1.7 Fixed Pattern Noisecomputation

TheFPNis computedn the sameway asthe RON but it is appliedto a masterdark/ at. Thefactor
doesnotapply

10.1.8 Line position determination

Thelocationsof thearclamplinesaredeterminedn anarclampframe,input of therecipesi_rec_vevecalor
si_rec_distortion.

For eachdetectorcolumn,aninitial guessvavelengthis assignedo eachdetectorow pixel by usingthe
pixel row valueandtheinputinitial guessvaluefor the startingwavelength,(begin_wave), thelinearand
guadratictermsof the dispersion(guess_displandguess_disppat the given instrumentsetting. Then
the detectomrows correspondingo eachentry of the referencdine list areidenti ed. Line positionsand
intensitiesgiven by the referencdine table are assignedo thosecolumns. A delta-shapedpectrumis

obtainedin this way. This spectrumis corvolved with a Gaussiampro le of givensigma A pixel shift
is obtainedby correlatingthis arti cial line spectrumwith the arclampframespectrum.The correlation
takesinto accouninly thoselineswhoseintensityis greatethanathresholdsetby parametemin_diff .

Thusoneobtainsaccurateraluesfor the positionandthe wavelengthassignedo eachimageposition.

To determinethe dispersionrelation (seel10.1.9)more accuratelythe recipeselectsand usesonly line
identi cationswhosedistancerom the nearesheighbouris greaterthanhalf_width pixels.
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Therecipe nally determineseverallists of line positions:

aline list of row indecedor theline positions;

acleanlist of well separatedine positions;

alist of wavelengthscorrespondingo theraw positions;

alist of wavelengthscorrespondingo the cleanraw positions.

Thoselists allow to associat@achemissiorline in eachspectrunmwith anapproximatepixel positionand
the exactwavelength.

10.1.9 Dispersionrelation and wavelengthmap determination

A Levenbeg-Marquardtt of a Gaussiarpro le of givenfwhm is performedconsideringhe raw posi-
tions which lie in regionsde ned by boxes of half-sizehalf_width, eachcenterecat the line positions
determinedby the algorithmdescribedn 10.1.8. The t is restrictedto the lines whoseamplitudeis
greaterthanmin_amplitude with respecto the background.This t allows to determinesachline posi-
tion with subpixel accurag.

Detectordefectsmay lead to erroneoudine detections. To prevent thesemisidenti cationsthe t is
limited to lineswhich lie no morethanpixel_tolerancepixelsfrom the correspondingosition,obtained
assuminalineardispersiorguess_dispInodel.Possibleoutliersare agged by settingtheline-position
parametenof the t to zero.

Foreachimagecolumn,apolynomial t of degreen_a_coef cientsandcoefcients is performed,
soasto determinghe dispersiorrelationbetweerthe listed wavelengthvalues andthe Gauss- tted
positions _ for eachimagecolumnusingthe singularvaluedecompositionmethod.

Data pointswhich lie beyond max_residuals pixels from the correspondingt value arerejected. In
the t eachdatapointis weightedby a factorproportionalto the productof the guessdispersiornvalue
guess_displandthe errorassociateavith eachpositionpointfrom the previous Gaussiant.

Thenthe positionsof the slitlet edgesaredetermined Offsetcoefcients resultingfrom the poly-
nomial t for adjacentcolumnsarecompared.Whenthey differ by morethanpixel_dist*guess_displ
it is assumedhat this is dueto the crossingof a slitlet's edge. Here pixel_dist indicatesthe minimal
distancen pixelsbetweeradjacenslitletsmeasuredlongthewavelengthdirection. This providesa rst
approximatiorof theslitlets' edges.

A cleanaverageof the coefcients is determinedy rejectingthe extreme10% low andhigh valuesand
performinga kappa-sigmalipping, wherethe constankappais setby sigma_factor.

Thena singularvalue decompositiont of the polynomial coefcients is performedacrossthe spatial
extent of eachslitlet usinga polynomialof low degreen_b_coef cients andthe smoothedpolynomial
coefcients arecomputedanev.



Doc: VLT-MAN-ESO-19500-3600
ESO SINFONI PipelineUserManual ~ [1SSU€: Issuel.0

Date: Date2005-10-19

Page: 73 0f 88

Finally a wavelengthmapis built by associatingvith eachimage pixel a wavelengthcorrespondindo
the valueresultingfrom the polynomial t of degreen_a_coef cients Theintensity ateach
imagepoint is givenby

where:

and

where is thenumberof raws of theimage.

10.1.10 Line shift computation

Therecipesearche$or the vebrightestinesin eachcolumnof theinputarclamp. Theshift betweereachline

positionon the frameandthe oneresultingfrom the polynomialdispersiorrelationof degreen_a_coef cients
obtainedn 10.1.9is computed Finally theoverallwavelengthcalibrationerroris computedasthecleanaverage
of the shifts obtainedafter removing 10% of the outliers. Thenthe wavelengthpositioningerror at different
wavelengthds computedn a similarway. This valueis monitoredfor quality control.

10.1.11 Dispersionrelation adjustment

If adispersiorrelationandawavelengthmaparealreadyavailableonemaystill wantto adjustthemto properly
matchthegivenarclampframe.

The positionsof theslitlets' edgesareinitially determinedyy checkingthatthe valuesof the zeroordercoef-
cient for adjacenimagecolumnsdiffer by morethanguess_displ pixel_dist.

An arti cial spectrums generatedby corvolving eachentryof thereferencdine list with a Gaussiarof position
andintensityasgiven by thereferencdine tableanda sigmaequalto

Badandnegative pixelsare ltered outfrom theinputimageanda low-passlter of half width mag_factoris
applied. Theresultingcleanedandsmoothedmageis corvolved with the arti cial spectrumo computetheir
shift, the maximumof the correlationvalueandthe positionat which this maximumis reached.

A new valueof the zeroorderdispersiorcoefcients is determined A cleanmeanis performedon the
dispersiorcoefcients andnew valuesfor the cleandispersiorcoefcients aredeterminedvith
asinglevaluedecompositiont over eachslitlet spatialdomain.

Finally a nev wavelengthmapis generatedisingthe cleandispersioncoefcients asdescribedat the
endof section10.1.9.
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10.1.12 Slitlet position computation

In orderto be ableto reconstructhe original obsered imageout of theraw imagethe positionsof the edges
of eachslitlet mustbe determinedaccurately The 32 slitlets mustbe staclked oneon top of the otherby using
accuratereferencepositions,otherwisethe resultingimagerows would be shifted with respectto the others
yeldingweird images.

To determinethe slitlets positionsan exposureof anarclampis used. Theslitlets edgesareclearly visible if
looking at a bright, stand-aloneemissionline (for exampleseeFigure6.2.0(d)). Suchanemissionine canbe
usedto determinethe absolutepositionsof the left andthe right edgeof eachslitlet usinga non-linearleast
squaret of anappropriatetting function.

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

Initially the brightestlines are searchedn the imagecolumndomaincorrespondindo the rst slitlet. From
this list the lines which have a bright neighbourwithin y_box pixels are Itered out. Thena rst estimateof
theslitlet edgess performed:a slitlet edgeis reachedvhenthe rst (offset) dispersiorcoefcient hasa
variationgreaterthany _box Thosevaluesarechecledto remove misidenti cationspossiblydueto badpixels.

Thentheimageintensityvaluesof themaximareachedn eachslitlet aredeterminedy searchingn rectangular
boxescenteredht eachslitlet positionsedge(j) eachof sizey boxalongthe spectradirection,andsizeedg(j)-
ede(-1)+2 box_lengthalongthespatialdirection.

In casetheusersetsthe parametewcal-estimate_indvalueto TRUE the searchof theimageintensitymaxima
is limited to theintenal [lo_poshi_pog alongthe spectraldirection.

Theminimumyvalueof the maximais determinedo have aninitial valueof the backroundntensityat which a
slitlet edgedetectiornshouldbetriggered.Thelist of maximais dividedin two setsandon eachdatasetaleast
squaret is performedwith anappropriatetting function.

The Edgemethodusesin the non-linear t a linear stepfunction that meansa linear function betweentwo
positionswith two constanbackgroundso theleft andto the right of the slitlet positions. Freeparametersf
the t arethetwo positionsof theleft andright backgroundralues.Themeanof both tted positionsis usedas
resultingleft or right slitlet edgeposition.

TheBoltzmannmethodusesas tting functiona sigmoidalBoltzmannfunction,which describeghetransition
betweentwo values:

where istheleft backgroundralue, istheright backgroundralue, isthewidth of thetransitionregion
and isthe centerof the transitionregion (turning point of the function). Freeparametersf the t areboth
thebackgroundraluesthewidth  andthecenter ,whichisthenusedasleft or right slitlet edgeposition.
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10.1.13 Slitlet distancescomputation

The slitlet distancesare computedon a frame which is the resultof an averagewith rejectionperformedon
several (usually 75) bre frames. Eachframehasthe rst columnof a few slitlets illuminated by the light
comingfrom a ber.

For eachraw of the stacled framethefollowing operationsareperformed:

The pixel positionswhoseintensityis greaterthanthreetimesthe meanof theimagearedeterminedn
the stacled, distortioncorrected, bre frame. This generategor each bre of the input framea setof
columnswheretheintensityis greatethanthe meanof the frame.

The intensity maximumof eachcolumnis accuratelydeterminedby comparingimagepixel intensities
in aspatialrangeof sizehalf width centeredat eachcolumnpositionof the found set. Possiblenrong

columndetectionsdueto badpixels,canbe agged by verifying thatthefoundpositionhasavaluewhich

differsfrom theoneof the previousslitlet by estimated_ distwith atolerancedev_tol.

A leastsquaret with a Gaussiarfunction of FWHM fwhm is performedto preciselylocatethe bres
andthusdeterminegheslitlet positions.

In this way one determinedor eachimageraw the slitlets' positionsand canbuild their relative difference.
Making a meanof thoserelative distanceslongthe spectradirection,excludingistancedor which therelative

distancediffers from the estimated_distanceby morethandev_tol, one nally nds 31 valuesof therelative

slitlet distances.

10.1.14 Cubeconstruction: resampling

Thealgorithmdescribedelav is executedby recipessi_rec_psfsi_rec_stdstasi_rec_objnodGivenasource
imageanda correspondingvavelengthcalibration le, animageis producedn which elementsn a givenrow

areassociatedvith a single wavelength. In this way the wavelengthshifts betweenadjacentelementsn the
rows of the input imageare corrected. The outputimagein the wavelengthdomainis larger thanthe input
image.Dueto thebrick wall patternof theraw frames,somepixelsin the rst andlastfew rows have unde ned
valuesthatare agged by settingthemto NAN. Thedistribution of theseunde nedvaluesvariesfrom column
to column. Theinputimageis resampledat discretewavelengthintervals usinga polynomialinterpolationof

dggreen_coeffs Differentvaluesof thewavelengthsamplingsizeandthe centralwavelengthareusedfor each
obseredband.Thus,eachrow hasade ned wavelengthfor eachobseredband.

Sinceeachframerow is now associatedvith a de ned wavelength,eachrow is usedto constructan image
whichhasade ned wavelength.Thisis doneby stacking32 slitletson eachother of which eachconsistsof 64
spatialpixels(calledalsospals). Dueto thefactthattheslitletslengthis notexactly 64 pixelsandthedistance
betweenslitletsis not exactly 64 pixels the edgepositionsof the slitlets mustbe known to sub-pidel accurag
(seel0.1.12). Furthermorethe slitlets mustbe sortedin the correctsequencdseeFigure 3.1.0 (bottom) or
Figure6.1.0(b)) to getthecorrectsequencef therows in the nal images.

Thecenterof eachslitlet ontheresampledmagearedeterminedy averagingthe edgepositionsof theslitlets
computedasdescribedn 10.1.12to getthe centerpositions. Thenthe centersof the slitlets on theraw image
areadjustedn thecentersof the correspondingaws of the staclked datacubeimages.Sinceonly integer pixels



Doc: VLT-MAN-ESO-19500-3600
ESO SINFONI PipelineUserManual ~ [1SSU€: Issuel.0

Date: Date2005-10-19

Page: 76 of 88

canbeusedasub-pixl erroris madeat centeringwhichis storedandusedto shift therowsin thereconstructed
imageof thedatacubeto thecorrectsub-pixel positionusingauserde nablemethodobjnod- ne_tune_mtd).
As the edgesof the left-mostor right-mostslitlets may be too nearto or fall outsidethe imagemaigins, then
the tting of theedgesmayfail. Thentheslitletsdistancegleterminedasdescribedn 10.1.13mustbe usedto
accuratelyalign eachslitlet in the nal reconstructeimageplane.

10.1.15 Cube coaddition

Each cube components vignettedchoppingout from eachcube planeleft as mary pixels as speci ed by
parameterslix, vily, vurx, vury (defaultedto 0, 0, 0, 0). As consequencef this theactualcornercoordinates
of eachcubeplanebeingcoaddedare:

If sky_scales== TRUE, beforecubecoaddition the spatialmedianof eachcubeplaneis subtractedrom each
contrikuting cubeplaneto remave sky backgroundesidualgpossiblynotcorrectedn thepreviousdatareduction
stepg(e.g.duringtheframestacking) for exampledueto sky variationswith time.

Eachtamget objectoffsetis determinedby readingthe HERARCH ESO CUMOFFSETX/Y FITS keywords.
The exposuretime correspondingo eachtaget acquisitionis readfrom the FITS header Thenthe recipe
computeshe minimum size of the crosssectionalong the z-axis of a parallelepipedusvhich cover the full

obsered eld of view anddetermineghe offsetsto apply to eachcubecomponento properlymeige themin

thecoaddedtube.

In this manualthe 3D frameobtainedaftercubecoadditionis oftencalledcubefor simplicity.

Theneachcontrituting cubeplaneis shiftedto locateit in its properpositionin the coaddectube. Eachpixel
intensityof thecoaddedubehasanintensitygivenby theweighedmeanof theintensitief eachcorresponding
overlappingpixel from thecontrituting cubestheweightbeinggivenby the exposuretime of eachtaigetframe.

If ks_clip == TRUE, in the cubecoadditionstepa kappa-sigmalipping of the contrituting overlappingpixels
intensitiess performedusinga userde ned valueof kappa.

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

Sinceit is possiblethat thereis no time for the acquisitionof sky frameswhenexecutinga scienceOB, it is
necessaryo provide a properalgorithmcapableof providing a goodestimateof the sky.

TheSINFONIpipelinesupportshreemethodseachcorrespondingp differentvaluesof theparameteaj_method.
If aj_method is 0 no sky is estimatedandthusno sky is subtracted.If aj_method is 1, thenfor eachobject
obsenation the algorithm usesthe objectexposurewith the closestMJD-OBS as an approximationof a sky
exposure If aj_methodis 2 thesky is givenby a medianof all the contrikuting objects.

Providedthatthetargetobjectpositionsin theacquiredframesareseparatedy at leastthreetimesthe FWHM
of theobject,thedatareductionschemémplementedor thecaseaj _method=1 shouldprovide anaccuratesky
estimation If thisis notthecaseheusermaysetaj_methodto 2 or try to subtracthe sky beforedatareduction
andthenreducethe sky-subtractediataasscienceobjectframeschoosingaj_method=0.
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If aj_methodis 1 eachcontriltuting cube(andthe coaddedcube)will shav regionswith negative intensity

If aj_methodis 1, ks_clip == TRUE, andeachcontrituting frame Ills mostof the FOV (for examplebecause
the choserncamerascaleis 25 mas)the usermay have to usea value of kappa greaterthanthe default, which
is setto 2, to preventthatsomeobjectpointis clipped,which couldresultpossiblyin local spikesin the object
spectrum.

10.1.17 Ef ciency computation

The estimationof the ef ciency, i.e. the throughputof the atmosphere+telescofiastrumen, is describedn
this section.

1. The ux onthedetectoris convertedto unitsof emgs/s/cm/A for astarwith 0 magnitude.The quanta
arephotons.

Thefollowing operationsareappliedto the wavelength-calibratedextractedspectra.The signalis
integratedoveranareaof ve FWHM of theinputsourcePSFto ensurehatall thelight is included.
This spectrunis rescaledy

(a) dividing by the DIT,

(b) dividing by thesurfacearea A, of M1 incm ,

(c) multiplying by the Gain(2.42),

(d) multiplying this by the ux ratio of theobseredstaranda Oth magnitudestari.e. 10,

(e) dividing by thedispersionA perpixel),

(f) multiplying by the enegy of the photon(—).
This correspondso multiplying the spectrumby thefollowing factor:

wherethefollowing numericalvaluesfor the physicalconstantareused:
h = 6.62618e-34s(Planckconstant)

c = 2.998e8m/s(Speedof Light)
k =1.3807e-23/K (Boltzmannconstant)
2. Therecipecomputeghetheoreticapectrunofa  magnitudestarin unitsof emys/s/cm/A
Thefollowing methodis inaccuratdor spectratypesthatarenot AQV.
Theratio betweerthe ux from ablackbodyat wavelength andthe ux from theblackbodywith
T=10,000K atwavelength is computed.

This curwe is scaledsothatthevalueatthecentral ux is , were is for aOth magnitudestarin
J,H, K and"HK":

band| ( m) (ergs/s/cm/A)
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 moreaccuratenethodis describedn thefollowing andneedso beimplemented.

Thespectratypeof thestaris determinedooking into a catalogue.
Fromthisinformationis obtainedhe starenegy distribution.
This curwe is scaledsothatthevalueatthe central ux is

3. Theresultof stepl is divided by theonefrom step2. Thisis theef ciency.

10.1.18 Strehl computation

Thecentralmaximumin unitsof thetotal ux of a PSFis ameasuref theimagequality andAO performance.
The Strehlratio is the obseredratio in units of theoreticallypossible(diffraction limited) ratio. It is a number
usuallybetween 0.01(seeindimited) and0.6-0.8dependingntheperformanceindtheambientconditions.

10.1.19 Encircled enemgy computation

The encircledenegy is the signalintegratedin a given areacenteredn the positionwherethe objectreaches
its maximum.For this computatiorit is critical to estimatehe ux of thebackground.

10.1.20 Spectrumextraction

Thestandardastarspectrumis extractedoy summingtheobjectsignalin eachplaneof thecube.Theresidualsky
backgroundcontrikution is givenby the constantermof a 2D Gaussiant of theimageobtainedby averaging
the cubealongz, in arangeof factor timesthe meanFWHM (FWHM=0.5*(FWHM_X+FWHM_Y)) of the
obsered standardstar

10.1.21 Standard star position detection

The recipedetermineghe position of the maximumin the imageobtainedby collapsingthe cubealongthe
z-axis. Thenthe STD starobject(whichis assumedo bethe only objectin the FOV) is moreaccuratelyjocated
usinga centroidalgorithmassuminga 2D Gaussiarshapeapproximatiorfor the objectPSFE which alsoallows
to estimatehe STD starFWHM alongthe X andY directions.

10.2 Recipes
10.2.1 Detectorlinearity and non-linear bad pixel map determination: si_rec_detlin

Thesi_rec_distortiomecipecomputeghe detectomon-linearitycoefcient asdescribedn 10.1.3(usingmeth-
odsl and2). Thedetectogainis alsocomputedasdescribedn 10.1.5.In thisway severalpiecesof information
aregeneratedatablewith informationon detectomon-linearity(obtainedwith method1l), a tablewith infor-
mation on the gain, a cubewith the coefcients of a polynomial t to eachpixel intensity which provides
pixel-by-pixel informationon the detectomon-linearity a bad pixel mapwith non-linearpixels (the last two
productsareobtainedasdescribedisingmethod2 asdescribedn 10.1.3).
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10.2.2 Master dark and bad pixel map determination: si_rec_mdark

A setof inputraw darkframesis stacledin acube.An averagewith rejection(parameterbp_noise.lav_rejection
andbp_noise.high_gjection), yeldsa meananda standarddeviation, stdes. Pixels which deviate from the
meanmorethanauserde ned factor(dark.thr eshold_sigma_factortimesthestder are agged asbadpixels.
Thisresultsin abad(hot) pixel mapwhich ags pixelswith a high darkcurrent.

A setof input raw dark framesis sortedaccordingto DIT thus generatingcorrespondinggroups. Thenan
averagewith rejection(controlledby parameterslark.low_rejection and dark.high_rejection) is computed
within eachgroupof frames.Thisresultsin amasterdarkframefor eachDIT.

On eachpossiblepair of consecutie raw framesthe read-outnoiseis determinedin a region de ned by

the parameterslark.qc_ron_xmin, dark.qgc_ron_xmax, dark.gc_ron_ymin, dark.qc_ron_ymax andusing
dark.qc_ron_nsamprandomsampleseachof size dark.qc_ron_hsizeasdescribedn 10.1.6. On the mas-
ter dark the x ed patternnoiseis determinedn two regions de ned by the parameterglark.qc_fpn_xmin,

dark.qc_fpn_xmax, dark.qc_fpn_ymin, dark.qc_fpn_ymax, usingdark.fpn_r on_nsamprandomsamples
eachof sizedark.fpn_ron_hsizeasdescribedn 10.1.7.

10.2.3 Master at and thresholdpixels (bad pixel map) determination: si_rec_m at

Theinput at eld framesarestacled. An averagewith rejection(parameterséamp__ ats.low_rejection
andlamp_ ats.high_rejection) is computedo remove dynamicbad pixels (eithercosmicraysor tran-
sientbadpixels). Themeanlamp-of frameis subtractedrom the meanlamp-onframe.

If lamp_ ats.bad_ind==TRUE theintensitytilt of eachcolumnis removed (the t of the pixel intensity
is subtractedrom the pixel intensity) consideringin this operationonly pixels whoseintensity differs
fromthelinear t valueby nomorethanlamp__ ats.sigma_factor timesthe sigmaof the pixel intensity

To nd thestrongintensitydeviationsof badpixels a thresholdvaluemustbefound. For this reasonpn
arectangularegionde ned by parametertamp_ ats.lix, lamp_ ats.lly, lamp_ ats.urx,,

lamp_ ats.ury, therecipecomputesa clean_mearof theintensity(lamp_ ats.bad_low_rejection and
lamp_ ats.bad_high_rejection) andits cleanstandardieviation clean_stde (to have anestimateof the
noisevariationsin the at eld). Thethresholdvalueis givenbytheproductclean_stde*lamp_ ats.factor.

If lamp_ ats.thr esh_index=TRUE theimagecorrectedor theintensitytilt is further Itered, indicating
asbadpixelstheoneswhichlie outsidetheintensityranggclean_meailamp_ ats.mean_facta*clean sde/].
Elseno lter is applied. This resultsin a referenceimage. A median Iter with a radiusequalto
clean_stde*lamp_ ats.factor is appliedfor lamp_ ats.iterations iterationsto remove small clusters

of badpixels. Finally pixels which have differentvaluesare promotedto bad pixels by comparingthe
median Itered imagewith thereferenceémage.

A masterat eld is determined.If lamp_ ats.inter pol_ind==TRUE, usingthe input bad pixel mask,
andtheslitletspositioninformation,badpixelsareinterpolatedver agivenradiuslamp_ ats.max_rad.
Thentheintensityis normalisedo thatof the centralpixel.

For QC purposeshe x edpatternnoiseis monitoredontheresultingmasterat eld overtwo rectangular
regionsde ned by parametertamp__ ats.qc_fpn_xminl, lamp_ ats.qc_fpn_xmax1,
lamp_ ats.qc_fpn_yminl, 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-
putesthe numberof pixelswhichlie outsidea givenrange(lamp__ ats.qc_thresh_minand
lamp_ ats.qc_thresh_may.

A badpixel maskis thendeterminenthemasterat eld by agging all pixelswhich deviatetoo much
from athreshold.

The input at eld frames(in our caseonly the master at) are stacled. An averagewith rejection
(parameterbp_norm.low_rejectionandbp_norm.high_rejection) is computedPixelswhoseintensity
lie outsidetherange[bp_norm.min_cut, bp_norm.max_cuf are agged asbad.

Thentheintensitytilt of eachcolumnis remaoved(the t of thepixel intensityis subtractedrom the pixel
intensity)consideringn this operationonly pixelswhoseintensitydiffersfrom thelinear t valueby no
morethanbp_norm.sigma_factortimesthe sigmaof the pixel intensity

Thestandardleviation andthe meanwithin ade ned (bp_norm.lIx, bp_norm.lly, bp_norm.urx,
bp_norm.ury) rectangulazoneis determinedn away thattheextremelow (bp_norm.low_cut) andthe
extremehigh (bp_norm.high_cut) valuesarechoppedff.

A badpixel mapof all thepixelswhich deviatefrom a certainthresholdevel is determinednthemaster
at eld. Theinputframesarestacledin acubeandanaveragewith rejection(bp_norm.low_rejection,
bp_norm.high_rejection) is takento remaove cosmics.The pixelswhich lie outsideanintensityrangeset
by parameterdp_norm.min_cut andbp_norm.low_cut areremovedfrom theresultingmedianimage.

If bp_norm.threshold_index=TRUE, pixelsdeviatingmorethan(bp_norm.mean_factor*bp_norm.sigma
from thecleanmeanaredeclaredad. Thenafurtherpixel cleaningis performednvolving apixel's near
estneighboursisingoneof severalmethodsde ned by correspondingaluesof the parameter
bp_norm.method_indexanddependingnthevaluesof bp _norm.factor andpossiblybp _norm.iterations,
asdescribedn 10.1.4.

Thentheresultingimageis comparedvith theinputimagehaving the columnintensitytilt removedand
eachchangedixel is indicatedasbad. Finally, from this nal image,a badpixel maskis producedn
which eachgoodpixel is markedwith 1 andeachbadpixel with O.

10.2.4 Optical distortion and slitlet distancesdetermination: si_rec_distortions

Normal at framesarecombinedo determineamasterat andabadpixel map.To performthisoperation
someparameterfiave peculiardefault values:bp_dist.factor=999.0
bp_dist.mean_factor=999.0Thesevalueshave beenchoserto ensureobustness.

A setof bre lamp-onframesare stacled (seel0.2.5recipefor more details)with differentrejection
thresholdgo determineafake bres-on andafake bres-off frame. Sincethe distortioncoefcients are
notyetknown, no distortioncorrectionis applied(internallytherecipeassumestacked.warp x_ind ==
FALSE). Thefake bres-off frameis subtractedrom thefake bres-onframe.

Undistortedarclampframesareusedto determinea wavelengthcalibrationsolution.

Thedistortionmapis computedon thefake bres-on- bres-off frame. This stepinvolvesthefollowing
operations.
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— Thestacled bres-on- bres-off andThAr framesaremultiplied by thebadpixel map.

— OntheThAr correctedramethearclampline positionsaredeterminedparameters
distortion.begin_wave, distortion.guess_displdistortion.guess_disp2
distortion.min_diff_col_tilt_int, distortion.half_width, distortion.sigma) asdescribedn 10.1.8.

— A wavelengthcalibrationis performed(the result dependson the following parametersdistor-
tion.guess_displdistortion.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) asdescribedn 10.1.9.

— A possibleline shift is computedas describedn 10.1.10. This resultdependsalso on: distor-
tion.n_a_coef cients

— Theslitlet positionsare computedasa function of distortion.box_length, distortion.y _box, dis-
tortion.diff_tol asdescribedn 10.1.12.

— Theslitlet distancesarecomputedwith a north-southtestasdescribedn 10.1.13.In this operation
relevantuserde nable parameterarenorth_south_test.n_slitsdistortion.ns_half_width, distor-
tion.ns_fwhm, distortion.min_diff , distortion.dev_tol, distortion.lo_pos distortion.hi_pos).

— Thoseareaveragedo getthe positionof the rst slitlet.

— Finally thedistortionsaredeterminedassumingsoffsetthe positionfoundfor the rst slitlet).
Finally thefake bres-on- bres-off frameis correctedor distortionsandtheslitlet distancesredeter
minedagainwith a northsouthtestontheframecorrectedor distortions.
Thenorthsouthtestinvolvesthefollowing operations:

— Theinputframesarestaclkedin a cubeandanaveragewith rejectionis computed
(parametersorth_south_test.lav_rejection, north_south_test.high_ejection).

— If north_south_test.gauss_ind== TRUE the resultingimageis cornvolved with a Gaussianof
FWHM north_south_test.lernel_half_width.

— If north_south_test.mask_ind== TRUE theresultingimageis multiplied by theinput badpixels
map. Thisimageis savedasa product.

— Thenthe slitlet distancesare computedand saved as a table product. The resultdependson the
following userde nable parametersnorth_south_test.half_width north_south_test.fwhm,
north_south_test.min_diff north_south_test.de_tol.

— Eachof the32 continuunslit spectraatthesamespatialpositionis t by aGaussiamalongthespatial
direction. This determinedor eachdetectors raw the positionof eachslitlet. Thoseareaveraged
alongtherow. Thenthe distanceof the left edgeof eachslitlet from a referenceoneis computed
andthus31relative distancesarefound.

10.2.5 Wavelengthsolution determination: si_rec_wavecal

Frame stacking Thismacrostepis commonto severalrecipes:si_rec_distortionsi_rec_vavecal,si_rec_objnod,
si_rec_psfsi_rec_stdstar

The input arc lamp frames(which canbe “on” or “off” frames,or dark calibrations,or objectsor sky
frames)arestacled.
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The“off” (or sky) frameis subtractedrom the“on” (or object)frame.
If stacked. at_index==TRUE theresultis at- elded usingtheinputmasterat eld.
Staticbadpixelsareindicatedstacked.mask_ind=1 or not(stacked.mask_ind=0. If stacked.mask_ind=1

— If stacked.ind_indexis FALSE badpixelsareinterpolatecver agivenrangede ned by
stacked.mask_radandusingtheinformationontheslitlet edgepositionscontainedn theSLIT_POS
frame.

— If stacked.ind_indexis TRUE bad pixels areindicatedby multiplying the frame by the bad pixel
map.

If stacked.warp x_ind ==TRUE thedistortionis correctedusingagivenkernel(stacked.wam x_k ernel).

Finally somequality controlis performedon the resultingstacled frame by monitoringthe numberof
saturategixels (stacked.qc_thresh_may andthe maximum ux.

Wavelength calibration This macrodatareductionstep determineghe dispersionrelation and the slitlet
positiontable. If aninput slitlet positiontable is not presentone can determineit from scratchby setting
the parametemwavecal.slitpos_bootstrap_swith to TRUE. For the sale of robustnessit is suggestedo use
wavecal.slitpos_bootstrap_switc == FALSE and provide an input slitlets positionstable, for examplethe
correspondingne (band,preoptics)rovidedin the calibrationdataavailablewith this releaseandthenlet the
recipere ne it. Referenceslitlet positiontablesareprovidedtogethemwith the SINFONI pipeline.

Theinputarclamp-onandlamp-of framesareloaded.

If wavecal.calib_indicator== TRUE andwavecal.ware_map_ind== TRUE theinput arc lamprefer
enceline list is loaded.

If oneneedgo dothewavelengthcalibration(wavecal.calib_indicator=="TRUE andwavecal.ware_map_ind
== FALSE), therecipe nds theemissionlinespresenin eacharclampspectrunasdescribedn 10.1.8

Thenthedispersiorrelationis determinedcasdescribedn 10.1.9.

The overall line shift betweenthe solutionfoundfrom the t asdescribedn 10.1.10andthe positionof
thelinesin theframeis monitoredfor quality control.

ThentherecipelogsadditionalQC parametersthe numberof foundlines,thenumberof saturategbixels,
the ux maximumof the framedifference‘on” - “off”.

Thewavelengthmapis saved. Thisis animagein which eachpixel is associateavith awavelengthvalue
in microns.

If wavecal.write_coeff_ind==TRUE thepolynomial t coefcients aresavedin aFITStable.

If wavecal.write_par_ind==TRUE the Gaussiant parametersre saved in a table. The numberof
detectedines,themedianandthe averageFWHM aremonitoredfor quality control.
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If awavelengthmapis available (wavecal.wave_map_ind==TRUE) anda dispersiorrelationdoesnhot
needto befound(wavecal.calib_ind==0) onemaywantto correctwhatis alreadyavailableto matchthe
actualarclamp frame, by creatinga shifteddispersiorrelation. Thenthe overall line shift betweerthe
solutionfoundfrom the t andthe positionof thelinesin the frameis computed.

Finally if wavecal.calib_indicato==TRUE andwavecal.estimate_indicator=TRUE the slitlet posi-
tionsare t usinga parametetist input FITS table. Theslitlet positiondeterminatiormay follow either
the Boltzmannor the estimatemethodsasdescribedn 10.1.12.

10.2.6 Scienceobsewations: si_rec_objnod

Theinputframesareselectedie ning obj-sky pairs.In casea sky frameis missingin the setof framesa
sky frameis estimatedasdescribedn 10.1.16.Eachpairis stacled.

Eachstacled frameis resampledisingthe informationfrom the input calibrationimage(WAVE_MAP)
doing a polynomialinterpolationwith objnod.n_coeffsparameterso generatean output 3D frame as
describedn 10.1.14. This operationdetermineghe dispersion,the minimum, the maximumandthe
centralwavelengthaswell asthe centralpixel of the outputcalibratedmage.

If objnod.north_south_ind == FALSE, a 3D frameis reconstructedrom eachstacled frameby using
theinformationcontainedn theslitlet positiontableSLIT _POS.

The 3D frameis re ned usingdifferentmethods(objnod. ne_tuning_method). Possiblevaluesare P
(polynomialof orderobjnod.order), S (Spline). The 3D frameis stretchedn Y to male it appearasa
parallepipedusvith a squarecross-sectionwe usuallycall thisa“3D cube”.

If objnod.jitter_index==TRUE, nally all the cubescorrespondingo the different objectjittered po-
sitionsare meigedinto a big datacubeby averagingthe overlapregionsweightedby integrationtimes
andusinga givenkerneltype objnod.kernel_typeasdescribedn 10.1.15possiblyscalingthe sky back-
ground(if objnod.scale_sk == TRUE) anddoing a kappasigmaclipping (if objnod.kappa_sigma==
TRUE) of intensityoutliers.

10.2.7 STD star data reduction: si_rec_stdstar

Theinitial datareductionis the sameasthe oneof anormalsciencerame(si_rec_objnod)Then:

The position of the sourcemaximum,its centroidand FWHM, are determinedfrom the averageim-
age of the coaddedcube. Thoseparametersare usedto automaticallyset the optimal extraction pa-
rametersin a squareregion whosesize dependson the averageof the FWHM in the X andY direc-
tions anda userde nable scaleparametesstd_starfactor, eventuallyreducedin casethe starposition
falls outsidethe actual z-crosssectionplane. The outputis in the form of animageand a table. If
std_starcorversion_index=TRUE aconversionmagnitudeto counts/seconds performed.

Theinstrumentef ciency is determinedasdescribedn 10.1.17.

Theextractedstarspectrunmandthe ef ciency aresavedin atable.
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10.2.8 PSFdatareduction: si_rec_psf

The initial datareductionis the sameas the one of a normal scienceframe. Thenthe main PSF standard
parametergheinstrumentstrehlandthe encircledenegy aredeterminedasdescribedn 10.1.18and10.1.19.
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A Installation

This chaptergivesgenericinstructionson how to obtain,build andinstall the SINFONI pipeline. Evenif this
chapteiis keptasup-to-dateasmuchaspossiblejt maynotbefully applicablgo aparticulareleaseThismight
especiallyhapperfor patchreleasesOneis thereforeadvisedo readtheinstallationinstructionsdeliveredwith
the SINFONI pipeline distribution kit. Theserelease-speci dnstructionscanbe foundin the le README
locatedin the top-level directoryof the unpacled SINFONI pipelinesourcetree. The supportecplatformsare
listedin SectionA.1. It is recommendedeadingthroughSectionA.2.2 beforestartingthe installation.

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

A.1 Supported platforms

The utilisation of the GNU build tools shouldallow to build andinstall the SINFONI pipelineon a variety of
UNIX platforms,but it hasonly beenveri ed ontheVLT tamgetplatforms:

Linux (glibc 2.1 or later),

SunSolaris2.8or later,

usingthe GNU C compiler(version3.2 or newer).

A.2 Building the SINFONI pipeline

This sectionshavs how to obtain,build andinstall the SINFONI pipelinefrom theof cial sourcedistribution.

A.2.1 Requirements
To compileandinstall the SINFONI pipelineoneneeds:

the GNU C compiler(version3.2or later),

theGNU gzip datacompressiomprogram,

aversionof the tar  le-archiving program,and,

theGNU make utility.
An installationof the CommonPipelinelibrary (CPL) mustalsobe availableon the system.Currentlythe CPL
version2.1.1or neweris required.TheCPLdistribution canbeobtainedrom http://www.eso .or g/ cpl.

PleasanotethatCPL itself depend®nanexistingq ts installation.Theq ts sourcesreavailablefromthe CPL
downloadpageor directly from theq ts homepageat http://www.eso .orgl/pr oj ects /aot/ gfit s.
In conjunctionwith CPL2.1.1q ts 5.3.1mustbeused.
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In orderto run the SINFONI pipeline recipesa front-endapplicationis also required. Currently thereare

two suchapplicationsavailable,a command-lingool called EsoR& andthe Java baseddata le organizey
Gasgang which providesanintuitive graphicaluserinterface(seeSectiond.2, pagel?). At leastoneof them
mustbeinstalled. The EsoR& and Gasganopackagesareavailableat http://www.eso. or g/ cpl/ esore x. ht ml
and http://www.eso .or g/ gasgano respectiely.

Forinstallationinstructionsof ary of theadditionalpackagesentionedeforepleaseaeferto thedocumentation
of thesepackages.

A.2.2 Compiling andinstalling the SINFONI pipeline

The SINFONI pipelinedistribution kit 1.0 contains:

sinfoni-manual-1.0.pdf The SINFONI pipelinemanual
install_pipeline Install script
g ts-5.3.1.targz QFITS5.3.1
cpl-2.1.1.tagz CPL2.1.1
esore-3.5.1.tagz esore 3.5.1
gasgano-2.2.3-Linux.tge GASGANO2.2.3for Linux
gasgano-2.2.3-SunOS.gz GASGANO2.2.3for SunOS
eclipse-sinfo.tagz eclipselibrary modi ed

to supportSINFONI datareduction
sinfoni-1.2.0.tagz SINFONI1.2.0
sinfoni-calib-1.2.0.tagz SINFONI calibration les 1.2.0

Hereis adescriptiornof theinstallationprocedure:

1. Changedirectoryto whereyou wantto retrieve the SINFONI pipelinerecipesl.2.0package.lt canbe
ary directoryof your choicebut not:

$HOME/gasgano
$HOME/.esorex

2. Downloadfrom the ESOftp sener, http://www.eso .0 rg /pi peli nes/ , thelatestreleasef the
SINFONI pipelinedistribution.

3. Verify thechecksunvalueof thetar le with thecksumcommand.

4. Unpackusingthefollowing command:
tar -xvf sinfo-kit-1.2.t ar

Notethatthesizeof theinstalledsoftware (including Gasgand togethemwith the staticcalibrationdatais
about27Mh.



Doc: VLT-MAN-ESO-19500-3600
ESO SINFONI PipelineUserManual ~ [1SSU€: Issuel.0

Date: Date2005-10-19

Page: 87 of 88

5. Install: aftermoving to thetopinstallationdirectory
cd sinfo-kit-1.2
it is possibleto performa simpleinstallationusingthe availableinstallerscript (recommendgd
Jinstall_pipeli ne

(beware:the executionmaytake a few minuteson Linux andseveralminuteson SunOS).

Notethatthis releasestill needdo link to theeclipselibrary. At the endof theinstallationthe userin ad-
dition to follow whatreportedby theinstallationscript,needdo sourcean le (SHOME/..eclipse_bash.rc
or SHOME/..eclipse_bash.rdependindgrom the usershell)to setafew environmentvariablesusedby a
few low level eclipselibrary basedmodules.

By defaultthe scriptwill installthe SINFONIrecipes,Gasgang EsoRe, all thenecessariibraries,and
the staticcalibrationtables,into a directorytreerootedat $HOMEA differentpathmay be speci 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 ensurethatary existing Gasganoand EsoRe& setupwould be
inheritedinto thenewly installedcon guration les (avoidingin thiswayary con ict with otherinstalled
instrumentpipelines).

Alternatiely, it is possibleto performamanualinstallation(experiencediuses only): the READMEIle located
in thetopinstallationdirectorycontainanoredetailedinformationabouta step-by-stefnstallation.
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B Abbreviations and acronyms

ANSI
ASCII
CalibDB
CPL
DFO
DFS

DMD
DRS
ESO
ESOREX
FITS
FOV
FPN
GUI
OB
PSO
QC
RON
SINFONI
SOF
SPIFFI
uT
VLT

AmericanNationalStandardsnstitute
AmericanStandardCodefor Informationinterchange
CalibrationDatabase
CommonPipelineLibrary

DataFlow Operationglepartment

DataFlow Systemdepartment
DataManagemenandOperationdivision
DataReductionSystem
EuropearSoutherrObseratory
ESO-Recipdxecutiontool

Flexible ImageTransporiSystem

Field Of View

Fixed PatterNoise

GraphicalUserInterface

ObsenrationBlock
ParanalScienceOperations

Quiality Control

ReadOut Noise

Spectrograplfior INtegral Field Obsenationsin the NearInfrared
SetOf Frames

SPectrograpfor InfraredFaint Field Imaging
Unit Telescope

Very Large Telescope



