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1 Introduction

1.1 Purpose

The SINFONI pipeline is a subsystem of theT Data Flow SystenfDFS). Its target user is ESData Flow
Operations(DFO) in the generation of master calibration data, in thduotion of scientific exposures, and
in the data quality control. It should also serve as a quidk ool for Paranal Science Operation®SO0).
Additionally, the SINFONI pipeline recipes are made pubdithe user community, to allow a more personalised
processing of the data from the instrument. The purposei®titttument is to describe a typical SINFONI data
reduction sequence with the SINFONI pipeline.

This manual is a complete description of the data reducteipes implemented by the the SINFONI pipeline,
reflecting the status of the SINFONI pipeline as of May 15,20&rsion 1.7.1).

1.2 Acknowledgements

The SINFONI pipeline is based on the SPIFFI Data Reductidiw@&ee developed by the Max-Planck-Institut
fur extraterrestrische Physik (MPE). We would like to thaim& SPIFFI team for providing ESO with a complete
and efficient data reduction software and for their help inwhenting, testing, debugging the recipes and the
pipeline during several commissioning and science vetifina phases. We are particularly grateful to the
MPE responsibles for the data reduction: Jurgen SchreMatthew Horrobin and Roberto Abuter for their
contributions and support.

Release 1.2.0 benefited from the feedback provided by thE@GNN SV team and SINFONI instrument oper-
ations team. In particular we would like to thank Wolfgangrifuel and Juha Runanen for extensively testing
and improving the pipeline and documentation, as well abelot.iske for proof reading the manual.

Very useful was the collaboration with Richard Davies fronPElwhich lead to an improvement of the sky
subtraction quality since release 1.6.0.

1.3 Scope

This document describes the SINFONI pipeline used at ESf@HBay and ESO-Paranal for the purpose of data
assessment and data quality control.

Updated versions of the present document may be found onHat.general information about the current
instrument pipelines status we remind the user of [2]. Quatintrol information are at [3].

Additional information on QFITS, the Common Pipeline LifdCPL) and ESOREX can be found respectively
at [4], [5], [6]. The Gasgano front end is described in [7]. Asdription of the instrument is in [8]. The
SINFONI instrument user manual is in [9] while results ofSuie Verifications (SV) are at [10]. A clear and
compact description of the SINFONI pipeline is in [16].
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1.4 Reference documents

SINFONI Pipeline Users’ Manual VLT-MAN-ESO-19500-3600
WWw. eso. or g/ pi pel i nes
Current pipeline status
WWw. es0. or g/ observi ng/ df o/ qual i ty/ pi pel i ne-status. htm

ESO-Data Flow Operation home page http://www.eso.orglolirsg/dfo/quality/
QFITS home page WWW. es0. or g/ proj ects/aot/qgfits/
CPL home page www. eso. or g/ cpl
ESOREX home page www. eso. or g/ cpl / esorex. htni
Gasgano User’s Manual VLT-PRO-ESO-19000-1932
SINFONI home page WWW. es0. or g/ i nstrument s/ si nf oni
VLT SINFONI User Manual VLT-MAN-ESO-14700-3517
WWW. eso0. or g/ i nstrunent s/ si nfoni/doc
SINFONI SV home page WwWw. eso. or g/ sci ence/ vl t sv/ si nf oni sv

VLT Data Flow System Specifications for Pipeline and Qualiyntrol
VLT-SPE-ESO-19600-1233

DFS Pipeline & Quality Control — User Manual VLT-MAN-ESO-A3@0-1619

ESO DICB — Data Interface Control Document GEN-SPE-ESC30a0794

Common Pipeline Library User Manual VLT-MAN-ESO-19500227
SINFONI Calibration Plan VLT-PLA-ESO-14700-2617
The SINFONI Pipeline Www. eso. or g/ pi pel i nes
First Light of SINFONI The Messengef,17, 17, 2004.

SINFONI - Integral field spectroscopy at 50

milli-arcsecond resolution with the ESO VLT SPIE,4841 1548, 2003.

A method to remove residual OH emission

from near infrared spectra MNRAS, 375, 1099 (2007).


http://www.eso.org/pipelines
http://www.eso.org/observing/dfo/quality/pipeline-status.html
http://www.eso.org/projects/aot/qfits/
http://www.eso.org/cpl
http://www.eso.org/cpl/esorex.html
http://www.eso.org/instruments/sinfoni
http://www.eso.org/instruments/sinfoni/doc
http://www.eso.org/science/vltsv/sinfonisv
http://www.eso.org/pipelines
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2 Overview

In collaboration with instrument consortia, the Data Floystems Department (DFS) of the Software Devel-
opement Division is implementing data reduction pipelif@she most commonly used VLT/VLTI instrument
modes. These data reduction pipelines have the followiregtmain purposes:

Data quality control: pipelines are used to produce the quantitative informatiecessary to monitor instru-
ment performance.

Master calibration product creation: pipelines are used to produce master calibration prodects €com-
bined bias frames, super-flats, wavelength dispersiortisok).

Science product creation: using pipeline-generated master calibration productense products are produced
for the supported instrument modesd, combined ISAAC jitter stacks; bias-corrected, flat-fieldfORS
images, wavelength-calibrated UVES spectra). The acgurathe science products is limited by the
quality of the available master calibration products anthieyalgorithmic implementation of the pipelines
themselves. In particular, adopted automatic reducticatesiies may not be suitable or optimal for all
scientific goals.

Instrument pipelines consist of a set of data processinguteedhat can be called from the command line, from
the automatic data management tools available on ParafrahoiGasgano.

ESO offers two front-end applications for launching pipelirecipes, Gasgano[7] and EsoReXx6], both
included in the pipeline distribution (see Appendix pagel00). These applications can also be downloaded
separately fromww. eso. or g/ gasgano and www. eso. or g/ cpl / esorex. ht m . An illustrated
introduction to Gasgano is provided in the "Quick Start"t®ecof this manual (see pads).

The SINFONI instrument and the different types of SINFONI feames and auxilliary data are described in
Sections4, 7, and8.

A brief introduction to the usage of the available reductiegipes using Gasgano or EsoRex is presented
in Section5. In section6 we advice the user about known data reduction problems girayialso possible
solutions.

An overview of the data reduction, what are the input datd, the recipes involved in the calibration cascade
is provided in sectio®.

More details on what are inputs, products, quality contrelasured quantities, and controlling parameters of
each recipe is given in sectid.

More detailed descriptions of the data reduction algorghused by the individual pipeline recipes can be found
in Section11.

In AppendixA the installation of the SINFONI pipeline recipes is desedland in AppendixB a list of used
abbreviations and acronyms is given.


http://www.eso.org/gasgano
http://www.eso.org/cpl/esorex.html
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3 Recent improvements

As we made two releases close one the other each with relelianges we indicate here all the most recent
changes.

3.1 What's new on release 1.7.1
The following major improvements has been realised on th=SINI pipeline:

e If the user platform has a correct installation of the Javaddgpment Kit (JDK-1.5.0), and not just
the Java Runtime Environment (JRE) and the JAVA_HOME enwirent variable is set properly, the
install_pipeline installation script provided with thet kiuilds, together with the CPL library, also the
libraries libcplgasgano.*, which allow gasgano to integfavith (and run) the sinfoni recipes. The gasgano
delivery provided with the kit is entirely based on Java. §&nchanges allow better portability of the kit
across platforms.

e The sky subtraction residual correction has been improviddawbetter fit of the sky thermal background
emission, the removal of occasional artifacts from the ghgctrum before computing the object-sky
wavelength shift, a more robust fit of sky lines.

e A bug in the utilitysinfo_utl_cubes_coaddn the usage of the user defined offsets has ben solved.
e Several errors in the Strehl computation in case of two ifffE frames has been solved.

e A possible crush has been solved in the utiitgfo_utl_cube_arith.

e The detector gain computation is more accurate.

e The WCS coordinates computation has been corrected. Reégidssible mismatches with available
catalog values may be due to: better pointing accuracy of tHeSINFONI combo, object proper motion
not taken into account, small mis-alignment of the telescaxis with respect to the detector’s center.

3.2 What's new on release 1.6

The following major improvements has been realised on th=SINI pipeline:

e Each recipe plug-in has how a common prefirxfo .
e Image and table products have now the common file esteritisn

e Sky line residuals which may appear in the extracted objeciase of instrument flexures may be now
corrected. To activate this correction in the recgi@fo_rec_jitter the user has to set tipgoduct-density
parameter value to 2 and tlubjnod-sky cor parameter value to TRUE (this will increase the recipe
execution time). Alternatively the user may reduce thersmeadata usinginfo_rec_jitter and parameter
defaults, and then use the provided new utidityfo _utl_skycor to correct each cube product, and finally
coadd the corrected cubes using the utibipfo_utl _cubes_coadd While in the first case common
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parameter setting will be used to correct all the cube corapts in the second one the user may apply
different parameter settings to correct sky residuals gheaibe component.

A new utility sinfo_utl_skycor has been provided for a more personalized data reductioachf ebject-
sky pair.

A new utility sinfo_utl_cubes_coaddhas been provided to allow cube coaddition with persondlistset
setting.

The recipesinfo_rec_psfandsinfo_rec_stdstarhave been removed being their functionality covered by
sinfo_rec_jitter.

The ancillary data FIRST_COLUMN has been replaced by aditiagrarameteobjnod-fcol.

The conversion of eclipse based code to CPL (3.0) is now cetepl

This release is portable to a larger set of platforms (LirgxnOS, Mac-only with EsoRex), and compilers.
A recipesinfo_rec_pupil has been provided to support PUPIL,IMAGE data reduction.

The robustness dfinfo_rec_wavecahas been improved also when theal-slitpos_bootstrapparame-
ter value is set to TRUE.

The robustness dfinfo_rec_distortion has been improved.

Detector’s gain and linearity computations are now faster.

The user may now set@oduct-density parameter to specify how many products each recipe geserate
Some section of this user manual has been extended andfgschpli

The FITS header of single cube products freimfo_rec_jitter is now appropriate.

PSF and telluric standard observations taken in templageing a sky frame acquisition are now reduced
in the same way as science observations taken in templatiesuvsky frames.

The value of CRPIX3 in cube products is now correct.

Some QC keywords are not anymore duplicated.
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4 SINFONI Instrument Description

SINFONI has been developed by ESO and the Max-Planckdhdtit extraterrestrische Physik (MPE) in
Garching in collaboration with NOVA.

The instrument has been made available to the communitytartec operations in Paranal on Aprif’, 2005.

In this chapter a brief description of the SINFONI instrurhisngiven. A more complete documentation can be
found in the SINFONI User Manual, downloadable fromw. eso. or g/ i nstrunent s/ si nf oni .

4.1 Instrument overview

SINFONI is composed of two subsystems: the Multi-ApplicatiCurvature Adaptive Optics unit (MACAO,
developed by ESO), which allows diffraction and seeingtimiobservations; and the SPectrograph for Integral
Faint Field Imaging, a near-infrared (1.05 - 2. 48) integral field spectrograph, (SPIFFI, developed by MPE).
It is described with more details in [11], [17] and [18].

Image-slicer

Light entering from _ _
the AOmodule I e Spectrometer

' Detector

Figure 4.1.1: An inside view of SPIFFI: The cryostat coved &me reinforcing structure have been removed
to provide a free view on the opto-mechanical componentdPdFEl. The light enters from the top, and passes
the sky-spider. The pre-optics with a filter-wheel and ici@ingeable lenses provides three different image
scales. The image slicer re-arranges the two-dimensiosldlifito a pseudo-long slit, which is perpendicular
to the base plate. Three diamond turned mirrors collimagelitiht onto the gratings. In total, four gratings
are implemented on the grating drive. A multiple-lens systhen focuses the spectra on a Rockwell HAWAII
array. The diameter of the instrument is 1.3m.


http://www.eso.org/instruments/sinfoni
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The spectrograph operates with 4 gratings (J, H, K, H+K) iging a spectral resolution around 2000, 3000,
4000 in J, H, K, respectively, and 1500 in H+K - each wavelerafnd fitting fully on the 2048 pixels of
the Hawaii 2RG (2kx2K) detector in the dispersion directidime SINFONI field of view on the sky is sliced
into 32 slices. Pre-optics allow to chose the width of theesli The choices are 250, 10 and 25 mas/pixel,
leading to field of views on the sky of 8"x8", 3"x3", or 0.8"80.respectively. On raw frames each pixel
images a rectangular region on the sky (125x250, 50x1002&x25 mas). Each SINFONI FOV image slice
corresponds to a so called detector slitlet. Each one of 2hgditets is imaged onto 64 pixels of the detector.
Thus one obtains 32x64 spectra of the imaged region on the sky

a 3 2 1 47 18 18 20 =21 22 23 24

9
e — — — — — —— — s — — —— — — —_—

Figure 4.1.2: SPIFFI image slicer (top): The light enterstigh the hole in the big slicer. A stack of 32 small
mirrors, the small slicer (also shown in the sub-panelieslithe image and redirects the light towards the 32
mirrors of the big slicer, which re-arranges the slitlet®ia 31 cm long pseudo-slit. (bottom). The layout of the
slitlets on a raw SPIFFI frame.
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5 Quick start

This section describes the most immediate usage of the SNNIBPeline recipes.

5.1 SINFONI pipeline recipes

The current SINFONI pipeline is based on a set of 7 standeatenipes involved in the data reduction cascade:

sinfo_rec_detlinto evaluate the detector linearity and generate a correpgmon linear pixel map.

sinfo_rec_mdarkto create a master dark and a hot-pixel map.

sinfo_rec_mflatto create a master flat and a map of pixels which have intesgitieater than a given threshold.

sinfo_rec_distortion to compute the optical distortions and slitlets distances.

sinfo_rec_wavecalor wavelength calibration.

sinfo_rec_jitter for PSF, telluric standard and other science data reduction

sinfo_rec_pupil for PUPIL data reduction (for Paranal operations, to martiétescope pupil centering on the
SINFONI FOV)

Additional 10 stand-alone recipes are also provided, thefopm useful tasks:

sinfo_utl_bp_mask_addto coadd bad pixel maps.

sinfo_utl_cube2imato collapse a cube to an image over a given wavelength range.
sinfo_utl_cube2spectrumto extract a spectrum from a cube.

sinfo_utl_cube_arith to perform cube arithmetics.

sinfo_utl_cube_combingo combine and coadd cubes.

sinfo_utl_ima_arith to do image arithmetics.

sinfo_utl_skycorto correct object spectra from sky residuals.

sinfo_utl_skymapto flag sky lines as bad pixels in a “sky map” (for Paranal ofi@na, to prepare input data
of the SINFONI Real Time Display).

sinfo_utl_spectrum_divide_by_blackbodyto divide a spectrum by a black body spectrum.

sinfo_utl_spectrum_wavelegth_shifto shift in wavelength a spectrum.
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5.2 Anintroduction to Gasgano and EsoRex

Before being able to call pipeline recipes on a set of datag#ia must be opportunely classified, and associated
with the appropriate calibrations. ThBata Classification consists of tasks such as: "What kind of data am
I?", e.g, BIAS, "to which group do | belong?"e.g, to a particular Observation Block or templat®ata
Association is the process of selecting appropriate calibration datahfe reduction of a set of raw science
frames. Typically, a set of frames can be associated if thayesa number of properties, such as instrument and
detector configuration. As all the required informationtisred in the FITS headers, data association is based
on a set of keywords (called "association keywords") anghéiic to each type of calibration.

The process of data classification and association is knevadag organisation.

An instrument pipeline consists of a set of data processinguies that can be called from different host
applications, either from the command line witfsorex from the automatic data management tools available
at Paranal, or from the graphic&@asganotool.

Gasganois a data management tool that simplifies the data orgamisptocess, offering automatic data clas-
sification and making the data association easeel{ if automatic association of frames is not yet provided
Gasgano determines the classification of a file by applying an insgatrspecific rule, while users must pro-
vide this information to the recipes when they are executadually using Esorex from the command line. In
addition, Gasganoallows the user to execute directly the pipeline recipes setaf selected files.

5.2.1 Using Gasgano

To get familiar with the SINFONI pipeline recipes and thesage, it is advisable to begin witlasgang
because it provides a complete graphic interface for datevding, classification and association, and offers
several other utilities such as easy access to recipes dottation and preferred data display tools.

Gasganocan be started from the system prompt in the following way:
gasgano &

The Gasgano main window will appear. On Figurg.2.1(next page), a view on a set of SINFONI IFU data
is shown as an exampleGasgano can be pointed to the directories where the data to be hamdéetbcated
using the navigation panels accessible via fkadd/Remove Fileentry of the File menu (shown on the upper
left of the figure).

The data are hierarchically organised as preferred by the Adter each file name are shown the classification,
the instrument setup id (which indicates the band), theunstnt pre-optic (which indicates the camera setting),
the template exposure number and the number of exposurks template, and the value of the DPR.TYPE.

More information about a single frame can be obtained bykitig on its name: the corresponding FITS file
header will be displayed on the bottom panel, where spedafievirds can be opportunely filtered and searched.
Images and tables may be easily displayed using the viewecified in the appropriatéreferencesfields.

Frames can be selected from the main window for being predelsg the appropriate recipe: on Figlre.2
the standard star frame and a sky frame, already producettinzsd pixel map and master flat field frames,
together with distortion and slitlet distance tables, drartecessary static calibration tables, are all selectéd an
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[ GASG AND Version: 2.2.4 esomidas { Linux
'ﬁ—l Selected files Tools Help

Add/{Remove Files...
[J Show Frame Assoc
Filter Files

Unfilter files
Reclassify

Refresh
Preferences...

Quit.

BT LAMP_K_250.fits

B WAVE MAP K _250 fits
€ [E5 200140771 Modigliani
? 200150687 Telluric Standard
SINFD, 2005-08-22T07:47:54.305 fits
Bl SINFO.2005-08-22T07:49:07.047 fits
@ [Ed Unknown Program
? Unknown Observation
B REF_BP_MAP fits
B drs_setup_wave fits
onk fits

- ‘ | callapse | Find entry: ‘ ‘ - | | find | | 9
INTSETUPID | _INS OPTILMAME | TFL EXPNG TPLMEXP | OBS TARG MAME | DPR.TYFPE
0.025 75
0.25 1
0.25 1
0.025 76
0.25 1
0.25 1
0.25 STD
0.25 2 SKY.STD

DRS_SETUP _WhAYE

ts  <unknown otig name: DISTORTION

Find in header: [PRO.CATG

‘Exlensiun: HEADER W

~| tma ||

") Auto Display

| Load Finer | < Finer

Walue ]

PRO FECL RANZ NAME
PRO.RECL.RANZ CATG
PRO.RECL.RAN, NAME

PRO.RECL RANS CATG.
PRO. DATANCOM
PRORECT CALL NAME

DISTORTION

ISINFD, 2005 -08-14T16:11:06.432 fils
WAVE NS

Ineonk. i

Figure 5.2.1:The Gasgano main window.

sent to thesinfo_rec_stdstarrecipe. This will open aGasgano recipe execution window (see Figuse2.3,
having all the specified files listed in it®put Framespanel.

Help about the recipe may be obtained from tHelp menu. Before launching the recipe, its configuration may

be opportunely modified on th@arameterspanel (on top). The window contents might be saved for lager u
by selecting theSave Current Settingentry from the File menu, as shown in figure.

At this point the recipe can be launched by pressingHExecutebutton. Messages from the running recipe will

appear on theLog Messagepanel at bottom, and in case of successful completion thadugte will be listed
on the Output Framespanel, where they can be easily viewed and located back c@akgano main window.

Please refer to th&asgano User’'s Manudlr] for a more complete description of th@asganointerface.
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r E =
sinfo_rec_detlin “ collapse | | Find. em.ry:" ‘ v.| | find | |
LEALETS, T R [UPID | NS OPTILMAME | TPLEXPNO | TPLMEXP | OB5 TARGMAME | DPRIYPE
Report... 5 fits | 0.025 76 74
Move... P50 fits sinfo_rec_mdark 025 1 10
Copy... P_K_250.fits | sinfo_rec_mflat 0.25 10 1o
Tar... E_K_025.fits | sinfo_rec_pupil 0.025 75 79
Run..; 5 sinfo_recwavecal 0.25 1 2
B WA E_MAP_K_250.fits sinfo_utl_bp_mask_add 0.2% 1 2
200140771 Modigliani : sinfo_utl_cube2ima
200150687 Telluric Standard sinfo_utl_cube2spectrum .
B SINFO 2005-08-22T07:47:54.30 sinfo_utl_cube_atith 0.25 1 2 STD
Bl siNFo 2005-08-22T07:49:07.04 sinfo ube_combine .25 2 2 SKY,STD
¢ [E3 Unknown Program sinfo_utl_ima_anth
9 [EE Unknown Observation Sitito utl Skuer
u REF _BP_MAP fits sinfn;ul};skymap "
B drs_setup_wave fits . B _ N DES_SETUR_WAYE
H LRI e 5|nfn_ull_s_r_pvettrum_d|VI.dg1h}r_hl;}cl$p:ndv
R sinfo_utl_spectrum_wavelength_shift R e e e
DISTORTION_K_025.fits  =unknown orig naj DISTORTION
‘ Extension: |HEADER W ‘ Find in header. |PRO.CATG | v‘ ‘ find | H‘ Load Filter 1 Filter ‘ Q_Au(g Display
4 [ »
Keywird Malus |
IPEO.CATG & = DISTORTION =
FRO.TYPE REDUCED
FRO.RECL.ID si_rec_distartion
FRO.REC1.DRSID CPL2.O
FRO.REC1.PIPEID sinfof1.1.0
FRO.RECI RAWL NAME SINFO.2005-08-14T16:10:10.27 1 fits
PRO.RECI RAWL CATG FLAT M5
PRO.RECI. RAWZ MNAME SINFO.2005-08-14T16:10:42 946 fits
PRO.RECI.RAWZ CATG FLAT NS
PRO.RECI.RAWI NAME SINFO.2005-08-14T16:11:06.432 fits
PRO.RECI.RAWI CATG WAYE_NS
PRO.RECI.RAW4 NAME SINFO 2005-08-14T16:12:46. 038 fits
PRO.RECL.RAWS CATG WAVE NS
PRO.RECL.RAWS . NAME ifibre_on fits
PRO.RECL.RAWS CATG |FIBRE_NS
FRO.DATANCOM I |
PRO.EECT CALL MAME Ineonk.1fit X

Figure 5.2.2:Selecting files to be processed by a SINFONI pipeline recipe.
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‘Current
rParameters:- .
Mame Yalue | Default i Range [ ] i}
sinfoni.product density 11 1) - -
sinfoni.stacked. low_rejection 0.1 0.100.0.1.0
sinfani.stacked. high_rejection | 0.1} 0.1/0.0..1.0
sinfoni.stacked.flat_index [ ¥ [V ! e
sinfoni. stacked. mask_index | 1 1] EquEst bon
sinfoni.stacked.ind_index [ [ ] | >
rinput Frames
Inelude | Filenarme | Classification |
¥l DI 025.its DISTORTION Locate Display (]
CI Y _BP_MAP K 250 fits MASTER_BP_MAP Locate Display :
[v] MASTEE_FLAT _LAMP _K_250.fits MASTER_FLAT _LAMP] Locate Display |
[v] SLITLETS_DISTAMCE_k_025 fits SUTLETS_DISTAMCE Locate display :
[vi  [5LIT_POS K _250.1its SLIT_POS Locate Display
[V  |WAYE_MAP_K_250.fits WAYE_MAP Locate Display =
rProduct Naming
Product Root Directory: |/diskafhomefesormidas/sinfo-kit-1.4.5 | | Erowse | Naming Sl:hEme;_ ‘Numeric ¥ @

| Execute Selacted |

<

rOutput Frames

Filenarne | Classification |
out_sky0_0000 fits SKY_STACKED_DUMMY Locate Display ||=
out_sky_stack_dist0_0000.Ts SKY_STACKED_DIST ocate Display I

Locate Display |
Locate Display
| ocate Display
ocate Display
Locate Display -
ot sk cubenn OO0 fit MRS Sk Locate Disnlay =

rLog Messages

fdiska/homefesomidasfsinfo-kit-1.4.5 Jout_objnod_bpmap_ 0000 fits

fdiskafhomefesomidasfsinfo-kit-1.4.5 Jout_ao_perfarmance_0000 fits

Jdiskafhome/esomidasfsinfo-kit-1.4.5 fout_encircled_energy_ 0000 fits

Fdiskafhomejesomidasfsinfo-kit-1.4.5 fout_psf_0000 fits

fdiskashomejesomidas/fsinfo-kit-1.4.5 jout_std_star_spectrum_0000 fits

jdiskashomejesomidasfsinfo-kit-1.4.5 fout_starspectrum_Qooo.fits
Completion status: SUCCESS

Figure 5.2.3:The Gasgano recipe execution window.
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5.2.2 Using EsoRex

EsoRexis a command line utility for running pipeline recipes. Ityrtze embedded by users into data reduction
scripts for the automation of processing tasks. On the didler, EsoRexdoesn't offer all the facilities available
with Gasgang and the user must classify and associate the data usingftrenation contained in the FITS
header keywords (see Sectidr?, page35). The user should also take care of defining the input sétanfies
and the appropriate configuration parameters for eacheeaip:

The set-of-frames: Each pipeline recipe is run on a set of input FITS data files.elVialsing EsoRex the
filenames must be listed together with their DO cateddryan ASCII file, the set-of-frames(SOF), that
is required when launching a recipe.

Here is an example of SOF, valid for trenfo_rec_wavecatecipe®:

/file_path/SI NFO 2004- 08- 14T10: 20: 56. 497.fits WAVE_LAMP
/file_path/SI NFO 2004- 08- 14T10: 22: 44.285.fits WAVE LAWP

[file_path/xenon.fits REF LI NE_ARC
[file_path/ MASTER BP_MAP_H 250.fits MASTER BP_NAP
/file_path/ MASTER LAVP_FLAT H 250.fits MASTER_FLAT_LAMP
[file_path/ DI STORTION H.fits DI STORTI ON

[file path/drs_setup wave.fits DRS SETUP_WAVE
[file_path/SLIT PCS H 250.fits SLIT_PGCS

It contains for each input frame the full path file name andDi@® category. The pipeline recipe will
access the listed files when required by the reduction dkguori

Note that the SINFONI pipeline recipes do not verify in anyyvthe correctness of the classification
tags specified by the user in the SOF. In the above examplegtige sinfo_rec_wavecalwill treat
the frame/ fi | e_pat h/ SI NFO. 2004- 08- 14T10: 20: 56. 497.fits asaWAVE_LAMP, the
frame /fil e_pat h/ MASTER_BP_MAP_H 250.fits as a MASTER_BP_MAP, etc., even when
they do not contain this type of data. The recipe will alsauassthat all frames are associated correctly,
i.e,, that they all come from the same band and pre-optic, andhaappropriate calibration files have
been specified.

The reason of this lack of control is that the SINFONI recigesjust the DRS component of the complete
pipeline running on Paranal, where the task of data claasiic and association is carried out by separate
applications. Moreover, usingsasgano as an interface to the pipeline recipes will always ensure a
correct classification of all the data frames, assigningaghyeropriate DO category to each one of them
(see Sectiok.2.1, pagel9).

A recipe handling an incorrect SOF may stop or display um@e@r messages at best. In the worst cases,
the recipe would apparently run without any problem, pradgicesults that may look reasonable, but are
actually flawed.

The indicatedDO categoryis a label assigned to any data type after it has been claksifféch is then used to identify the frames
listed in theset-of-frames

The set-of-frames corresponds to theut Framespanel of the Gasganorecipe execution window (see Figuse2.3 page22).

SWe list the file SLIT_POS_H_250.fits as an input file, as, fobusiness, we suggest the user to set the pararster
pos_bootstrap_switchto FALSE. A different setting would allow to reduce the datighout including the SLIT_POS table
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EsoRex syntax: The basic syntax to use ESOREX is the following:
esorex [esorex_options] recipe_name [recipe_options]tsef frames
To get more information on how to customise ESOREX (see &lBayin the command:
esorex - -help
To generate a configuration file esorex.rc in the directorfD$HE/.esorex run the command:
esorex - -create-config
A list of all available recipes, each with a one-line dedioip, can be obtained using the command:
esorex - -recipes
All recipe parameters (aliases) and their default valuesbeadisplayed by the command
esorex - -params recipe_name
To get a brief description of each parameter meaning exebateommand:
esorex - -help recipe_name
To get more details about the given recipe give the commatiteathell prompt:
esorex - -man-page recipe_name

Recipe configuration: Each pipeline recipe may be assigned &isoRex configuration file, containing the

default values of the parameters related to that retiphe configuration files are normally generated in

the directory $HOVE/ . esor ex, and have the same name as the recipe to which they are relatbd
the filename extension r c. For instance, the recipesinfo_rec_wavecalhas its EsoRex generated
configuration file namedi nf o_r ec_wavecal . r ¢, and is generated with the command:

esorex - -create-config sinfo_rec_wavecal

The definition of one parameter of a recipe may look like this:

# --stack-warpfix_kernel

# Warpfix kernel: (tanh | sinc | sinc2 | lanczos | hamm ng | hann)
si nfoni.stacked. war pfi x_kernel =t anh

In this example, the parametei nf oni . st acked. war pfi x_ker nel is settothe valug anh. In

the configuration file generated ysoRex one or more comment lines are added containing information

about the possible values of the parameter, and an aliasdbht be used as a command line option.

The recipes provided by the SINFONI pipeline are designechplement a cascade of macro data reduc-
tion steps, each controlled by its own parameters. For #@son and to prevent parameter name clashes
we specify as parameter prefix not only the instrument namallso the name of the step they refer to.

Shorter parameter aliases are made available for use owtheand line.
The command
esorex - -create-config recipe_name

generates a default configuration fikeipe_name.rcin the directory$HOME/.esorex.

“The EsoRexrecipe configuration file corresponds to tRarameterspanel of the Gasganorecipe execution window (see Figure
5.2.3 page22).
®If a number of recipe parameters are specified on the comniamdhe given values will be used in the created configundile.
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A recipe configuration file different from the default one danspecified on the command line:
esorex - -recipe-config=my_alternative_recipe_config
Recipe parameters are provided in secti@rand their role is described in Sectidd.

More than one configuration file may be maintained for the seenge but, in order to be used, a con-
figuration file not located undeSHOVE/ . esor ex, or having a name different from the recipe name,
should be explicitly specified when launching a recipe.

Recipe execution: A recipe can be run by specifying its name EsoRextogether with the name of a set-of-
frames. For instance, the following command line would bedus run the recipesinfo_rec_wavecafor
processing the files specified in the set-of-fransdanf 0o_r ec_wavecal . sof :

esorex sinfo_rec_wavecal sinfo_rec_wavecal.sof

The recipe parameters can be modifyed either by editingtjréhe used configuration file, or by specify-
ing new parameter values on the command line using the corhfiranoptions defined for this purpose.
Such command line options should be inserted after the eecgme and before the SOF name, and
they will supersede the system defaults and/or the configuardile settings. For instance, to set the
sinfo_rec_wavecarecipe wcal-pixel_tol parameter ta3. 0, the following should be typed:

esorex sinfo_rec_wavecal - -wcal-pixel_tol=3.0 sinfo_cewavecal.sof

For more information onEsoRex seewww. eso. or g/ cpl / esorex. htmi .

5.3 Example of data reduction using EsoRex

A simple, typical data reduction procedure is describee fer

We suggest the user to organize his data per type, observetlaval camera setting. Dark frames may be
grouped per detector DIT, frames to compute distortion aachés to compute detector non linearities may be
organized per observed band. The detector DIT is given byahee of the FITS keyword DET DIT The

observed band is indicated by the value of the FITS keywoid SdTUP ID. The camera setting is indicated
by the value of INS OPTI1 NAME. In the examples below we suppbe user has data acquired in band K and
with the 100 mas pre-optic setting, and DIT=600. In the fellgy exampled pat h_r aw/ indicates the full

path to the source tree directory containing raw data.

Dark Frames: those frames are characterized by DPR.TYPARID,

/ pat h_r aw/ DARK/ 600/ SI NFO. 2004- 08- 23T09: 36: 12. 316.fits DARK
/ pat h_r aw/ DARK/ 600/ SI NFO. 2004- 08- 23T09: 51: 59. 824. fits DARK
/ pat h_r aw/ DARK/ 600/ SI NFO. 2004- 08-23T10: 07: 40. 760.fits DARK

Detector linearity flat field frames: those frames are car@@dd by DPR.TYPE="LINEARITY,LAMP’

®The procedure usingsasganois conceptually identical.
"We omit here the prefix HIERARCH ESO
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/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02- 26T20: 09: 50. 882.fits LI NEARI TY_LAMP
/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02- 26T20: 10: 07. 455.fits LI NEARI TY_LAWP
/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02- 26T20: 10: 23. 047.fits LI NEARI TY_LAWP
/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02- 26T20: 10: 38. 240.fits LI NEARI TY_LAWP
/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02- 26T20: 10: 56. 403.fits LI NEARI TY_LAMP
/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02-26T20: 11: 31. 128.fits LI NEARI TY_LAWP
/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02- 26T20: 11: 59. 183.fits LI NEARI TY_LAMP
/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02- 26T20: 12: 27. 247.fits LI NEARI TY_LAWP

Fibre frames, flat frames and arc lamp frames to computertiats: those frames are have DPR.TYPE respec-
tively equal to 'DISTORTION,FIBRE,NS’ 'DISTORTION,FLANS’, 'DISTORTION,WAVE,NS’

/ pat h_raw DI STORTI OV K/ SI NFO. 2005- 03- 14T11: 46: 25. 168.fits FI BRE_NS
/ pat h_raw DI STORTI OV K/ SI NFO. 2005- 03- 14T11: 46: 53. 132. fits FI BRE_NS
/ pat h_raw DI STORTI ON K/ SI NFO. 2005- 03- 14T11: 47: 09. 065.fits FI BRE_NS
/ pat h_raw DI STORTI OV K/ SI NFO. 2005- 03-14T11: 47: 31. 008.fits FI BRE_NS
/ pat h_raw DI STORTI ON K/ SI NFO. 2005- 03- 14T11: 47: 49. 771. fits FI BRE_NS

/ pat h_raw DI STORTI ON K/ SI NFO. 2005- 03- 14T11: 52: 35. 116.fits FI BRE_NS
/ pat h_raw DI STORTI ON/ K/ SI NFO. 2005- 03- 14T11: 53: 22. 863.fits FLAT_NS
/ pat h_raw/ DI STORTI OV K/ SI NFO. 2005- 03- 14T11: 53: 45. 397.fits FLAT_NS
/ pat h_raw DI STORTI ON/ K/ SI NFO. 2005- 03- 14T11: 54: 08. 861.fits WAVE_NS
/ pat h_raw DI STORTI OV K/ SI NFO. 2005- 03- 14T11: 55: 10. 220.fits WAVE_NS

Standard flat field frames: those frames are caracterized?#y.DYPE="FLAT,LAMP’

/ pat h_r aw/ FLAT/ K/ 100/ SI NFO. 2005- 02- 28T16: 27: 43. 232. fits FLAT_LAW
/ pat h_r aw/ FLAT/ K/ 100/ SI NFO. 2005- 02- 28T16: 28: 05. 846. fits FLAT_LAW
/ pat h_r aw/ FLAT/ K/ 100/ SI NFO. 2005- 02- 28T16: 28: 18. 820. fits FLAT_LAW
/ pat h_r aw/ FLAT/ K/ 100/ SI NFO. 2005- 02- 28T16: 28: 32. 593. fits FLAT_LAW
/ pat h_r aw/ FLAT/ K/ 100/ SI NFO. 2005- 02- 28T16: 28: 45. 566. fits FLAT_LAWP
/ pat h_r aw/ FLAT/ K/ 100/ SI NFO. 2005- 02- 28T16: 29: 08. 165. fits FLAT_LAW

Arc lamp frames: those frames are caracterized by DPR. TYZWREYE,LAMP’

/ pat h_r aw/ WAVE/ K/ 100/ SI NFO. 2005- 02- 28T17: 55: 44. 753. fits WAVE_LAMP
/ pat h_r aw/ WAVE/ K/ 100/ SI NFO. 2005- 02- 28T18: 00: 15. 875. fi ts WAVE_LAMP

science frames: those frames are caracterized by DPR. TYHEECT' or DPR.TYPE="SKY"

/ pat h_raw SCI / K/ 100/ SI NFO. 2005- 02- 27T04: 30: 22. 175. fits OBJECT_NODDI NG
/ pat h_raw SCI / K/ 100/ SI NFO. 2005- 02- 27T04: 30: 54. 620. fi ts SKY_NODDI NG
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/ pat h_raw SCI / K/ 100/ SI NFO. 2005- 02- 27T04: 31: 19. 755. fi ts SKY_NODDI NG
/ pat h_raw SCI / K/ 100/ SI NFO. 2005- 02- 27T04: 31: 46. 369. fits OBJECT_NODDI NG
/ pat h_raw SCI / K/ 100/ SI NFO. 2005- 02- 27T04: 32: 12. 983. fits OBJECT_NODDI NG
/ pat h_raw SCI / K/ 100/ SI NFO. 2005- 02- 27T04: 32: 46. 418. fi ts SKY_NODDI NG

To have additional information on the instrument perforg®the user may want to reduce also telluric standard
star frames: those frames are caracterized by DPR.TYPE¥'SADPR.TYPE="SKY,STD’

/ pat h_raw STD/ K/ 100/ SI NFO. 2005- 02- 27T09: 17: 05. 775.fits STD
/ pat h_raw STD/ K/ 100/ SI NFO. 2005- 02- 27T09: 18: 10. 566.fits SKY_STD

or PSF standard star frames: those frames are caractegzZedR TYPE=" PSF- CALI BRATOR or
DPR. TYPE=" SKY, PSF- CALI BRATCR

/ pat h_r aw/ PSF/ K/ 100/ SI NFO. 2004- 08- 23T07: 35: 16. 597. fits PSF_CALI BRATOR
/ pat h_r aw/ PSF/ K/ 100/ SI NFO. 2004- 08- 23T07: 36: 55.413. fits SKY_PSF_CALI BRATCR

We describe below a typical data reduction sequence usin®ds In this section we assume that the user
sets in the EsoRex configuration file (SHOME/.esorex/esarexhe flagsuppress-prefixo TRUE, so that the
pipeline product file names have standard names, with eaterfits for images and tables. We suggest to verify
to have the flageadonlyset to FALSE, if the user would like to run the same recipe id\tanes with EsoRex
having standard names for product files. This setting alltvespipeline to overwrite previously generated
products®. In the following we indicate only those frames involved e tdata reduction cascade, suggesting
the user to rename them according to their PRO.CATG, INSIBEID and band, and to remove the other
products after each recipe execution.

1. The user may start to generate a master dark. Raw dark$ramag be put in an ASCII file, mdark_sof.
This file will look like as follows:

/ pat h_r aw DARK/ 600/ SI NFO. 2004- 08- 23T09: 36: 12. 316.fits DARK
/ pat h_r aw DARK/ 600/ SI NFO. 2004- 08- 23T09: 51: 59. 824.fits DARK
/ pat h_r aw DARK/ 600/ SI NFO. 2004- 08-23T10: 07: 40. 760.fits DARK

Then the user can generate the master dark with the command
esorex sinfo_rec_mdark mdark_sof

This command will generate two files: out_bp_noise.fits (RE&YG=BP_MAP_HP), a hot pixel map,
and out_dark.fits (PRO.CATG=MASTER_DARK), a master darlor Eonvenience we indicate with
/ pat h_cdb the full path to a directory containing relevant data regucproducts.

mv out_bp_noise.fits /path_pro/BP_MAP_HP:fits
mv out_dark.fits /path_pro/MASTER_DARK _600.fits
rm -rf out*fits *.paf *.log

8By default installation in the EsoRex configuration file ($ME/.esorex/esorex.rc) the flayppress-prefito FALSE and the flag
readonlyis set to FALSE, a possible combination, in which case piyegtiroduct filenames will have a prefix out_, an increasingia fo
digit number, and extention .fits for images and tables.
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2. Then the user may generate a map of non linear pixels. Af ieearity raw flat field frames may be put
in the ASCII file linearity _sof.

/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02- 26T20: 09: 50. 882. fits LI NEARI TY_LAMP
/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02- 26T20: 10: 07. 455. fits LI NEARI TY_LAMP
/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02- 26T20: 10: 23. 047. fits LI NEARI TY_LAMP
/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02- 26T20: 10: 38. 240. fits LI NEARI TY_LAMP
/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02- 26T20: 10: 56. 403. fits LI NEARI TY_LAMP
/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005-02-26T20: 11: 31. 128. fits LI NEARI TY_LAMP
/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02- 26T20: 11: 59. 183. fits LI NEARI TY_LAMP
/ pat h_raw LI NEARI TY/ K/ SI NFO. 2005- 02- 26T20: 12: 27. 247.fits LI NEARI TY_LAMP

The user can generate a non linearity bad pixel map (PRO.GBFG MAP_NL) with the command:
esorex sinfo_rec_detlin linearity_sof

This command will generate several files, including the rinadrity bad pixel map, stored in the file
“out_bp_lin.fits".

mv out_bp_lin.fits /path_pro/BP_MAP_NL_K.fits
rm -rf out*fits *.paf *.log

3. Then the user may determine the optical distortions (RRODG=DISTORTION) and the slitlets dis-
tances (PRO.CATG=SLITLETS_DISTANCE).

The user will select all the files containing the string DISSTOON in their DPR.TYPE. Using those files
and the line reference table of the corresponding band (K)eadrs setup table will generate an ASCII
file distortion_sof:

/ pat h_r aw SI NFO. 2005- 03- 14T11: 28: 19. 007.fits FI BRE_NS
/ path_raw SI NFO. 2005- 03- 14T11: 28: 43. 781.fits FI BRE_NS
/ pat h_r aw SI NFO. 2005- 03- 14T11: 28: 59. 723.fits FI BRE_NS
/ path_raw SI NFO. 2005- 03- 14T11: 29: 18. 496.fits FI BRE_NS

/ pat h_raw SI NFO. 2005- 03-14T11: 53: 22. 863.fits FLAT_NS
/ pat h_raw SI NFO. 2005- 03- 14T11: 53: 45. 397.fits FLAT_NS
/ pat h_raw SI NFO. 2005- 03- 14T11: 54: 08. 861. fits WAVE_NS
/ pat h_raw SI NFO. 2005- 03- 14T11: 55: 10. 220. fits WAVE_NS
/ pat h_cdb/ neonK. fits REF_LI NE_ARC

/[ path_cdb/drs_setup_wave.fits DRS SETUP_WAVE

Where with/ pat h_cdb we have indicated the full path to the directory containimdjbration data.
REF_LINE_ARC is the file TAG (PRO.CATG) assigned to the fratiaigle containing the reference line
list to be used to perform the wavelength calibration and DRSTUP_WAVE is an additional reference
table storing instrument setting dependent parameterghvare expected to be stable, used during the
wavelength calibration (see also S&8. The command
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esorex sinfo_rec_distortion distortion_sof

Will generate several products. Between those also odortan.fits, a table containing information on
the polynomial distortion coefficients, and out_distarfitss a table containing information on the slitlet
distances.

mv out_distortion.fits /path_pro/DISTORTION_K_fits
mv out_distances.fits /path_pro/SLITLETS_DISTANCE_K _fits

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

. Then one selects the raw flat fields and list them in an AS®&lInfiflat_sof together with some static
calibrations and previously obtained products:

/ pat h_r aw FLAT/ SI NFO. 2005- 02- 28T16: 27: 43. 232. fits FLAT_LAW
/ pat h_raw FLAT/ SI NFO. 2005- 02- 28T16: 28: 05. 846. fits FLAT_LAMP
/ pat h_r aw FLAT/ SI NFO. 2005- 02- 28T16: 28: 18. 820. fits FLAT_LAWP
/ pat h_raw FLAT/ SI NFO. 2005- 02- 28T16: 28: 32. 593.fits FLAT_LAMP
/ pat h_r aw FLAT/ SI NFO. 2005- 02- 28T16: 28: 45. 566. fits FLAT_LAWP
/ pat h_raw FLAT/ SI NFO. 2005- 02- 28T16: 29: 08. 165. fits FLAT_LAMP
/ path_cdb/ REF_BP_MAP. fits REF_BP_NAP

/path_pro/BP_MAP_NL K. fits BP_MAP_NL

The frame REF_BP_MAP is an image indicating reference jpositof known detector bad pixels (see
also Se®).

The command:
esorex sinfo_rec_mflat mflat_sof

generates several frames, including the master flat fieddedtin the file “out_flat.fits”, and the master
bad pixel map, stored in the file “out_bpmap_sum.fits”.

mv out_flat.fits /path_pro/MASTER_FLAT _LAMP_K 100.fits
mv out_bpmap_sum.fits /path_pro/MASTER_BP_MAP_K_100.fis

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

. Then one lists raw arc lamp frames and additional stalibresion frames and previously obtained master
calibrations in an ASCII file wcal_sof:

/ pat h_raw WAVE/ SI NFO. 2005- 02- 28T17: 55: 44. 753. fits WAVE_LAMP
/ pat h_r aw WAVE/ SI NFO. 2005- 02- 28T18: 00: 15. 875. fits WAVE_LAWP
/ pat h_cdb/ neonK. fits REF_LI NE_ARC

/ pat h_pro/ MASTER FLAT LAMP_K 100.fits MASTER FLAT LANP

/ pat h_pro/ MASTER BP_MAP_K_100.fits MASTER BP_NAP

/path_pro/ DI STORTION K. fits DI STORTI ON
/path_cdb/drs_setup_wave. fits DRS _SETUP_WAVE

/ path_cdb/ SLI T_POS K 100.fits SLI T_POS
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The command:
esorex sinfo_rec_wavecal wcal_sof

generates several frames, including the master wavelengh stored in the file “out_wavemap_ima.fits”,
and the slitlet position table, stored in the file “out_sigfits”.

mv out_wavemap_ima.fits /path_pro/MASTER_WAVE_MAP_K_1(®.fits
mv out_slitpos.fits /path_pro/SLIT_POS_ K _100.fits
rm -rf out*fits *.paf *.log

. Finally the user will reduce the science data:

/ pat h_raw OBIJNOD/ SI NFO. 2005- 02- 27T06: 09: 19. 358. fits OBJECT_NODDI NG
/ pat h_raw/ OBIJNOD/ SI NFO. 2005- 02- 27T06: 10: 10. 996. fi ts SKY_NODDI NG

/ pat h_raw OBIJNOD/ SI NFO. 2005- 02- 27T06: 11: 33. 949. fits OBJECT_NODDI NG
/ pat h_raw/ OBIJNOD/ SI NFO. 2005- 02- 27T06: 13: 08. 204. fits SKY_NODDI NG

/ pat h_r aw/ OBIJNOD/ SI NFO. 2005- 02- 27T06: 14: 40. 068. fits OBJECT_NODDI NG
/ pat h_raw OBIJNOD SI NFO. 2005- 02- 27T06: 16: 11. 122. fits SKY_NODDI NG

/ pat h_pro/ MASTER BP_MAP_K 100.fits MASTER BP_NAP

/ pat h_pro/ MASTER FLAT LAMP_K 100.fits MASTER FLAT LANP

[ path_pro/ WAVE_NMAP_K 100. fits WAVE NAP

/ pat h_pro/ SLI TLETS DI STANCE K. fits SLI TLETS DI STANCE

/path_pro/SLIT _POS K 100.fits SLIT_PGCS

/path_pro/ DI STORTION K. fits DI STORTI ON

The command:
esorex sinfo_rec_jitter sci_sof

generates several frames, including a reconstructed dube BSF standard, stored in the file “out_cube_obj##.1
(##=00,01,..NN), its median image, stored in the file

“out_objnod_med_cube.fits”, the associated bad pixel rsi@ped in the file “out_objnod_bpmap.fits”, a

table with Strehl values as a function of wavelength, stametie file “out_ao_performance.fits”, a table

with encircled energy values, stored in the file “out_ereilcenergy.fits”. A table with the extracted
average object spectrum, stored in the file “out_std spectsum.fits”. We remind the user to read
section11.1.20for important information on how to obtain the best qualitysity subtracted object
spectra.

. If the user is interested to find information on the efficierf the detector, it is necessary to reduce
standard star calibrations. This can be done collectingogpijate data in a stdstar_sof file:

/ pat h_raw STD/ SI NFO. 2005- 02- 27T06: 09: 19. 358.fits STD

/ pat h_raw STD/ SI NFO. 2005- 02- 27T06: 10: 10. 996.fits SKY_STD
/ path_pro/ MASTER BP_MAP_K_100. fits MASTER BP_MAP

/ pat h_pro/ MASTER FLAT LAMP_K 100.fits MASTER FLAT_ LANP

[ path_pro/ WAVE_NMAP_K 100. fits WAVE NAP

/ pat h_pro/ SLI TLETS_DI STANCE K. fits SLI TLETS DI STANCE
/path_pro/SLIT _POS K fits SLIT_POS

/[ path_pro/ DI STORTION K. fits DI STORTI ON
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The command:
esorex sinfo_rec_jitter stdstar_sof

generates several frames, including a reconstructed dube tlluric standard, stored in the file “out_cube_ ol
(##=00,01,..NN), its median image, stored in the file “ojnod_med_cube.fits”, the associated bad

pixel map, stored in the file “out_objnod_bpmap.fits”, a ¢éablith Strehl values as a function of wave-
length, stored in the file “out_ao_performance.fits”, a ¢alith encircled energy values, stored in the

file “out_encircled_energy.fits”. A table with the extradtaverage object spectrum, stored in the file
“out_std_star_spectrum.fits”.

8. If the user is interested to find information on the Stréhk necessary to reduce PSF standard frames.
This can be done collecting appropriate data in a psf_sof file

/ pat h_r aw PSF/ SI NFO. 2005- 02- 27T06: 09: 19. 358. fits PSF_CALI BRATOR

/ pat h_r aw PSF/ SI NFO. 2005- 02- 27T06: 10: 10. 996.fits SKY_PSF_CALI BRATOR
/ path_pro/ MASTER BP_MAP_K 100.fits MASTER BP_MAP

/ path_pro/ MASTER FLAT LAMP_K 100.fits MASTER FLAT_ LAMP

[ path_pro/ WAVE_NMAP_K 100.fits WAVE MAP

[ path_pro/ SLI TLETS_DI STANCE K 100.fits SLI TLETS DI STANCE
/path_pro/SLIT POS K 100.fits SLIT_PGCS

/[ path_pro/ DI STORTION K. fits DI STORTI ON

The command:
esorex sinfo_rec_jitter psf_sof

generates several frames, including a reconstructed clibaah target observation, stored in the file
“out_cube_obj##.fits” (##=00,01,..NN), (##=00-01-NN)nasaic cube coadding each single cube obser-
vation, stored in the file “out_objnod.fits” its median imag®red in the file “out_objnod_med_cube.fits”,
the associated bad pixel map, stored in the file “out_objbpdhap.fits”, and for poiint-like target obser-
vations (for objects whose PSF can well approximated by a aDs&ian), a table with Strehl values as a
function of wavelength, stored in the file “out_ao_perfonoe.fits”, a table with encircled energy values,
stored in the file “out_encircled_energy.fits”. A table wilte extracted average object spectrum, stored
in the file “out_std_star_spectrum.fits”.
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6 Known problems

We suggest the user to execute the data reduction recipeg parameter defaults and all the reference and
master calibrations indicated in this manual. The follayvis a list of currently-known issues with SINFONI
recipes, and workarounds, if available:

sinfo_rec_detlin . LINEARITY,LAMP data taken in the period 24/11/2006-28/2Q07 have been taken with

increased lamp intensities. This means that in particutanés taken with high values of DET.DIT (for

example DET.DIT=45) have several pixels in the non linedecter's range. This affects particularly

the J band. As a consequence if the user uses recipe paraheéaeits may obtain non linear pixel

maps (ESO.PRO.CATG=BP_MAP_NL) collecting significantlpna pixels than usual, and this would
propagate in the MASTER_BP_MAP. Those pixels consequevitlyld not be taken in consideration in
the calibration, despite the level of the signal in the aneddrames is in the linear regime, this possibly
leading to a lower quality WAVE_MAP and wavelength caliliwatsolution. To solve this problem the

user may:

e Not use raw frames at higher DET.DIT to build the non lineat pixel map.

e Use all the raw frames and increase the parameter bp_kstthsigma_fct from the default 10 to
15 or more.

sinfo_rec_distortion Occasionally this recipe may fail indicating that too lebets have been found. The

user may try to increase the parametarooth_rador the parametearcs_min_arclen_factor

sinfo_rec_wavecal This recipe sometimes fails to determine the positions efdlitlets. A possible reason is

an improper data reduction parameter setting. For exanmglgoarametewcal-pixel_tol has a default
value of 3.0 to insure good accuracy. Values equal to 5 or 6imsmyre higher robustness at the price of
a minor accuracy. Another parameter to eventually changepoove robustness iscal-pixel_dist It
has a default value of 12. One may try to increase it a bit, ¥angple to 15. The same is true for the
parameters having aliasesal-min_diff, wcal-na_coeffs wcal-nb_coeffs wcal-pix_tol, wcal-y_box
which in the current release, for accuracy, have defaulleslas specified in the first column of the
following table but in previous releases they had defadliesas specified in the other table rows, values
which might offer greater robustness at a price of a minoueaxy.

band | wcal-min_diff | wcal-na_coeffs | wcal-nb_coeffs | wcal-pix_tol | wcal-y_box | comment
any | 1.0 4 2 3.0 5.0 default setting
H 10.0 3 2 7.0 2.0 old setting
H+K | 1.0 4 2 5.5 5.0 old setting
K 1.0 4 2 12.0 5.0 old setting
J 1.0 4 2 3.0 5.0 old setting

Another possible explanation of the failure is the usagendfrgoroper bad pixel map. We suggest to use
the REF_BP_MAP, provided with the present kit release, patiof the sinfo_rec_mflat recipe which
determines the MASTER_BP_MAP, which is input of the siné_wavecal recipe.

sinfo_rec_jitter Sky subtraction quality. Despite we provide an improvedirauto correct for possible sky

line residuals, we suggest the user to use it only when (at)leasky frame is available. Otherwhise (if
the user uses such correction in absence of a sky frame, mwagich the next in time object frame is
used as “dummy” sky), there is the risk that object lines ehnoat after subtraction. The user should also
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choose proper values of the critical parametdagcor-sky bkg_filter_width, skycor-line_hw, skycor-
rot_cor, skycor-fit_obj_noise. A check of the results provided by gnoduct table(s) with PRO.CATG
QC_SPECTRA s always recommended to compare the extrapémtra before and after the correction.

sinfo_rec_jitter WCS coordinates in the coadded cube may be imprecise. We iind user to check the accu-

racy of the reference catalog used, it may be that the VLTF®NI combo is more accurate; eventually
correct object coordinate to take into account of its pdegiiboper motion.

sinfo_rec_jitter Seldomly, this recipe may originate coadded cubes whosetrspalong z axis may have

spikes. This occurrence may be an indication that the thpa&ama clipping has removed some object
point. In those cases we suggest to increase the value oakapp

sinfo_rec_jitter Some user may have observations taken with the telescofi@pa@ngle not equal to 0. This

occurrence can be revealed verifying that the value of ti&keyword ADA POSANG is not 0. In those
cases the pipeline may coadd several cubes componentgeicityprin those cases we suggest the user to
usesinfo_utl_coadd_combineand provide proper offsets. See also secfiorl3

sinfo_rec_jitter This recipe may fail to perform a 2D Gaussian fit to the obsgriagget. In this case the

STD_STAR_SPECTRAand STD_STAR_SPECTRUM pipeline praxwdil not be generated. The user
may try to reduce the value of the parametiet star-fwhm_factor to get also those products.

sinfo_rec_jitter Has performance limits. The fastest execution may be obdagettingporoduct-density to 0.

sinfo_rec_jitter This recipe is much demanding in term of RAM. The amount of RAgquired is approxima-

tively given by the formula:
RAM=[150 + 4 x (2 x sX x 8Y X §Z 4 64 x 64 X SZ X Nrqmes)] MB,

wheresX, sY', sZ indicate the size of the coadded cube ang .5 is the number of coadded cubes.
sX andsY are a function of the minimum and maximum x and y offsets ofttbedded cube components
with respect to the first one:

sX =2x floor(of fTmaz — Of fXmin+0.5)+64  sY =2x floor(of fYmaz — Of fYmin +0.5) + 64

The floor(x) function computes the largest integral value not greatan th We suggest the user to have
at least 1GB of RAM and a swap area at least equal to the ambé&AM. In case,sX = sY = 130,
sZ = 2300, Ntrames = 30, the user needs at least 1.6 GB of RAM, the same amount of siedmated
to run the pipeline. We also suggest the user to check betaréng the data reduction the values of
keywords SEQ CUMOFFSETX and SEQ CUMOFFSETY. Sometimesthusy be very different. This
may be such that the size of the output coadded cube is lamegkmot to allow a full data reduction,
due to the limited amount of available RAM.

In those cases, or if the single cube components corresjpooldservations of portions of the sky which
do not overlap with each other, we suggest the user tol§abd-jit_ind =FALSE.
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7 Instrument Data Description

SINFONI data reduction often involves pair of frames: caltions in which an “on” frame is acquired with
a calibration lamp switched on and an “off” frame recordethwthe same lamp switched off, or observations
of science objects and of the sky background. Additionaldrk frames are taken as well as special fibre flat
frames used to compute optical distortions. Fibre flats akert with the calibration fibre moved along the
y-axis perpendicular to the image slices. Due to a non umifilumination of a small number of slitlets from
the fibre link, several raw frames (usually 75) are necestabyild a synthetic all-sliltlets fibre fed flat needed
to compute the optical distortions. Each kind of raw framgy@cally associated to a single SINFONI pipeline
recipe,i.e., the recipe assigned to the reduction of that specific frarpe.t In the pipeline environment this
recipe would be executed automatically. The recipe to cdepptical distortions takes as input several kinds
of raw frames, including flats in which a few instrument slil are illuminated by a fibre, and standard pairs of
flat field and arc lamp frames.

In the following sections after a brief description of how shof the raw data look like, all raw SINFONI data
frames are listed, together with the keywords used for ttlassification and correct association. The indicated
DO categoryis a label assigned to any data type after it has been classiflach is then used to identify the
frames listed in thé&et of Framegsee Sectioh.2.2 page23). We also provide snapshots of each of the main
raw data on frames (“off” frames snapshots are not providetthey usually look like dark frames).

7.1 Data features

In figure7.1.1we have represented how a possible observation tdrgeis imaged on the detectdh). The 32
input source’s slices generated by the two image slicersvaaged on the detector. These are also called slitlets
and appear as vertical strips. Each slitlet has two edgeishvdan be seen by looking at the horizontal traces
of sky emission lines or atmospheric absorption from thertyyl molecule OH. Those lines also show that the
slitlets are arranged in a brick-wall pattern, to ease thedi®n of their edges, and that the first slitlet has a left
edge not coincident with the left border of the detector. @éctor column corresponding to this edge is called
first column and it is taken as reference to measure the othslitkets’ distances. This information, together
with the actual position of each slitlet edge is necessarngd¢onstruct the input FOV image. The detector has
a number of bad pixels and a circular defect near its centee spatial information (both X and Y directions
on the sky) is distributed along the horizontal directioora (the X sky coordinate in each slitlet and the Y sky
coordinate in the different slitlets) while the wavelengtformation is along the vertical direction, increasing
downwards. The signal from a point-like object in the FOVhwit finite PSF appears as a vertical stripe in
each slitlet where its emission is relevant and it is supgosed on the sky background, more uniform along the
spatial direction except in coincidence of emission linisgble as horizontal bright stripes. During an exposure
the detector can be hit by cosmic rays.

In figure 7.1.2we have the central plane of a coadded cube resulting froeraletarget acquisitions observed
at different telescope positions.

In figure 7.2.1we have several examples of raw calibration and sciencessam
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Figure 7.1.1: A possible target for observati@t) and a typical raw science frame laydaj.

7.2 Raw frames

We list in this section all raw frames with the relevant FIT&Wwords (omitting the prefix HIERARCH ESO)
needed to classify them and associate to them the requitidatian frames. Figurg.2.1shows the typical
appearance of those frames.

e Dark current:

DO category:DARK
Processed bysi nfo_rec_ndar k

Classification keywords: Association keywords: Fig:
DPR CATG = CALIB DET DIT 7.2.1(a)
DPR TYPE = DARK
DPR TECH = | MAGE

o Flat Field:

DO category:FLAT_LAMP
Processed bysi nfo_rec_nfl at
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Figure 7.1.2: A coadded cube resulting from several “mesHicubes.

Classification keywords:
DPR CATG = CALIB

DPR TYPE = FLAT, LAMP
DPR TECH = | FU

e Detector linearity Flat Field:

DO category.Ll NERI TY_LAWP
Processed bysi nfo_rec_detlin

Classification keywords:

DPR CATG = CALIB

DPR TYPE = LI NEARI TY, LAVP
DPR TECH = | FU

e Flat field frames to compute distortions:

DO category:FLAT_NS
Processed bysi nfo_rec_di stortion

Classification keywords:

DPR CATG = CALIB

DPR TYPE = DI STORTI ON, FLAT, LAVP
DPR TECH = | FU

e Arc frames frames to compute distortions:

DO categoryWAVE_NS
Processed bysi nfo_rec_di stortion

Classification keywords:

DPR CATG = CALIB

DPR TYPE = DI STORTI ON, WAVE, LAVP
DPR TECH = | FU

Association keywords: Fig:

INS SETUP I D
INS OPTI1 NAME

7.2.1(b)

Association keywords: Fig:
INS SETUP ID 7.2.1(b)
Association keywords: Fig:
INS SETUP I D 7.2.1(c)
Association keywords: Fig:
INS SETUP I D 7.2.1(d)
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(d) e W

Figure 7.2.1: (a) a raw dark frame with DIT=1; (b) a flat fieldiarband H, 100mas; (c) a raw frame used to
compute optical distortions; (d) an arc lamp on frame; ()iarse frame; (f) a sky frame.

e Arc frames:

DO categoryWAVE_LAMP
Processed bysi nfo_rec_wavecal

Classification keywords: Association keywords: Fig:
DPR CATG = CALI B INS SETUP I D 7.2.1(d)
DPR TYPE = WAVE, LAVP INS OPTI 1 NAME

DPR TECH = | FU

e STD PSF star frames:

DO category:PSF_CALI BRATOR
Processed bysi nf o_r ec_psf

Classification keywords: Association keywords: Fig:
DPR CATG = CALI B INS SETUP I D 7.2.1(e)
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DPR TYPE = PSF- CALI BRATOR I NS OPTI 1 NAME
DPR TECH = | FU

e Sky frames taken with STD PSF star frames:

DO category:SKY_PSF_CALI BRATOR
Processed bysi nfo_rec_jitter

Classification keywords:

DPR CATG =

DPR TYPE
DPR TECH

e STD star frames:

CALI B
SKY, PSF- CALI BRATOR
I FU

DO category:STD
Processed bysi nfo_rec_jitter

Classification keywords:

DPR CATG =

DPR TYPE
DPR TECH

CALI B
STD
| FU

e Sky frames taken with STD star frames:

DO category:SKY_STD
Processed bysi nfo _rec_jitter

Classification keywords:

DPR CATG =

DPR TYPE
DPR TECH

e Science frames:

CALI B
SKY, STD
| FU

DO category:OBJECT_NODDI NG
Processed bysi nfo _rec_jitter

Classification keywords:

DPR CATG
DPR TYPE
DPR TECH

SCI ENCE
OBJECT
I FU, NOCDDI NG

Association keywords:

INS SETUP I D
INS OPTI 1 NAME

Association keywords:

INS SETUP I D
I NS OPTI 1 NAME

Association keywords:

INS SETUP | D
I NS OPTI 1 NAME

Association keywords:

INS SETUP | D
I NS OPTI1 NAME

Fig:
7.2.1(f)

Fig:
7.2.1(e)

Fig:
7.2.1(f)

Fig:
7.2.1(e)
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e Sky frames taken with science frames:

DO category:SKY_NODDI NG

Processed bysi nfo _rec_jitter

Classification keywords:

DPR CATG = SCI ENCE
DPR TYPE = SKY
DPR TECH = | FU, NODDI NG

e PUPIL,IMAGE frames:

DO category:PUPI L_| MAGE
Processed bysi nf o_rec_pupi |

Classification keywords:

DPR CATG = CALIB

DPR TYPE = PUPI L, | MAGE
DPR TECH = | FU, NODDI NG

(@)

Association keywords: Fig:
I NS SETUP | D 7.2.1(F)
INS OPTI 1 NAME

Association keywords: Fig:
INS SETUP I D 7.2.2(a)
INS OPTI 1 NAME

Figure 7.2.2: On-lamp raw data example for (a) PUPIL,IMAGH &) PRE,IMAGE data.

¢ PRE,IMAGE frames:
DO category:PRE | MAGE

Processed bysi nfo _rec_jitter

Classification keywords:
DPR CATG = SCl ENCE
DPR TYPE = OBJECT
DPR TECH = PRE, | MAGE

Association keywords: Fig:
INS SETUP I D 7.2.2(b)
INS OPTI 1 NAME
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8 Static Calibration Data

In the following section ancillary data required for SINFO#ata reduction are listed. For each of them we
indicate the corresponding value of the HIERARCH ESO PRO GAR short PRO.CATG, FITS keyword.
This has to be used to identify the frames listed in$e¢ of Framegsee Sectio®.2.2 page23).

8.1 Line reference table

Areference list of arc lines is necessary to perform the \emgth calibration. Its PRO.CATG is REF_LINE_ARC.
This frame is an input of the recipe sinfo_rec_distortiod aimfo_rec_wavecal.

8.2 DRS setup table

There are a few data reduction parameters which are banadepeand are supposed not to change. Those are
collected in a table having PRO.CATG DRS_SETUP_WAVE. Tiaste is an input of the recipes sinfo_rec_distortion
and sinfo_rec_wavecal.

band | W_START | W_DISP1 W_DISP2 W _HW | W_FWHM | W_MIN_AMP | W_LOW_POS| W_HI_POS
H | 1.65 -2.00018796022e-4 9.3034524287e-10 7 2.83 5 750 1000
H+K | 1.95 -5.001433e-4 4.567277e-9 8 3.00 2 1100 1260
K | 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 table set the values for data reduction parametershahisectionll are respectively calledegin_wave
guess_displguess_disp2half width, fwhm, min_amp, lo_pos hi_pos To change the values of such data
reduction parameter, the user must edit this table.

8.3 Reference bad pixel map

Detector defects are logged as bad pixels in a special maghkghBRO.CATG REF_BP_MAP. This is an input
of the recipe sinfo_rec_mflat.
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9 Data Reduction

In this section, after an overview of the main problems tha deduction needs to solve, we list the required data
and the recipes which allow to solve them, giving the dataicgdn sequence necessary to reduce calibration
and science data.

9.1 Data reduction overview

The principle of integral field spectroscopy is describedigyre 9.1.1 A two-dimensional image of the sky is
separated by an image slicer into several components. Ereghen aligned on a slit and dispersed to separate
its spectral information and then imaged on a detector. Taie ®INFONI data reduction problems to solve are
the following.

e Correct for the detector signature: bad pixels, detectotrgmition to the measured signal, flat field-
ing (correct pixel to pixel gain variations and relativetlsli throughput differences), correct geometric
distortions.

e Perform the wavelength calibration.

e Reconstruct the image FOV from the 32 image slices in a fomtéth contains both the spatial and the
spectral information.

e Devise proper calibrations and observations to be abledpesly correct the emission from the sky, from
the instrument and from the telescope which are very strorige NIR. This requires to take sky frames
together with the object frames in the night observatioadydalibrations with the flat lamp switched on
and off, and possibly dark frames.

In the following description we also indicate in parentlefsir each frame the corresponding PRO.CATG. To
locate the detector bad pixels one uses a bad pixel map. Aentzed pixel map resulting from the combination
of a set of (different) bad pixel maps is generated by the endlstt recipe. First of all, as the detector is known
to have construction defects, these will be indicated byfereace bad pixel map (REF_BP_MAP). Hot pixels
will be determined on dark frames (BP_MAP_HP). Non-linezsponse pixels are instead indicated by a bad
pixel map (BP_MAP_NL) obtained by evaluating the pixel @sge of a set of flat exposures of increasing
intensity. Other bad pixels (BP_MAP_NO) are determined getaof flat fields (on the master flat field).

A master flat field (MASTER_FLAT _LAMP) generated from a setrafv flat fields, is used to correct the
different detector pixel sensitivities. It is known thaetimage sliced and projected on the detector is affected
by distortions. The sinfo_rec_distortion recipe comptiesdistortions (DISTORTION) and the slitlet distances
(SLITLETS_DISTANCE). It uses a set of raw frames where ohly first column of each slitlet is illuminated
through fibres. In addition flats and arcs are taken withimibigh south template as required to reduce the data.
A set of “on” and “off” arc lamp frames, a reference line taldemaster flat field, the optical distortions map
and a good guess of the slitlet positions are input of the valvecipe. This recipe determines a wavelength
map and obtains a better computation of the left edge paositi@ach slitlet.

Science (or PSF or telluric standard) frames are correciedKy background, flat field, distortions, and cali-
brated in wavelength. The sorted slitlets are then stadkeddube, taking into account the relative distances
of the position of the edge of each slitlet to the one of the §lilet, with a final image realignment to get sub
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Two dimensional original on-sky image

Wavelengths

@

Spectrum of each 2D pix

Spatial in Y

Sj_‘i-’an| inX ¥ L:OH'IIJLIEBI‘ reconstructed \‘I'!'rF_iQE

Figure 9.1.1: Integral Field Spectroscopy data reductiamciple

pixel accuracy. The final product is thus a 3D data cube wherdull spatial information is stored along the
X and Y directions, and the wavelength information is staashg the Z direction. Each plane of the cube is a
monochromatic reconstruction of the SINFONI FOV.

The north south test template traces each of the 32 slitletsly one fibre exposure; therefore non linearities
of the image scale within the 64 pixel of a single slitlets @rgently not corrected and could cause minor slice
to slit ripples in the reconstructed cube.

9.2 Required input data

To be able to reduce science data one needs to use raw, paatacind pipeline recipes in a given sequence
which provides all the input necessary to each pipelingoeciVe call this sequence a data reduction cascade.
The SINFONI data reduction cascade involves the followmmuit data:

¢ Reference files:

— A reference bad pixel map, indicating known detector dsfect

— Alist of arc lamp emission lines containing vacuum wavetba@nd predicted intensities for wave-
length calibration.
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— The DRS_SETUP_WAVE table as input of sinfo_rec_distortéom sinfo_rec_wavecal to specify

parameter peculiar of the wavelength calibration algarith

¢ Raw frames:

— Arc lamps, to perform the wavelength calibration.

Linearity flat frames, to determine a map of non linear baelgix

Darks, to determine master darks.
Flat fields, to determine master flats.

Fibre frames, to trace the first column of each slitlet anéhgialso on/off lamp flats and arc lamp

frames, to compute the optical distortions and slitletatises.

— Sky frames, to evaluate and subtract the strong and tiniablarNIR sky emission.

— Telluric STD star frames, to correct telluric absorptioatigres.

PSF standards, to evaluate the strehl.
Science frames, to finally do science.

e Calibration data products.

Bad pixel maps, to correct for the detector defects.

Distortion coefficients, to correct for the optical distorts.

Master flats, to correct for different detector pixel effioiges.

Master darks, to correct for the instrument bias if no off ky ames are available.

Slitlet distances, to be able to properly reconstruct a cube

— Slitlets’ left edge positions, to be able to properly redomns a cube.

— Wavelength maps, to obtain a cube calibrated in wavelength.

Calibration data products can be generated from raw datayubkie pipeline recipes. Alternatively the user
may use calibration products obtained from the ESO archivem the ESO Data Flow Operation department.
Master bad pixel maps, the bad pixel maps coming from thedatanflats, the master flats, the slitlets position
table, the wavelength map depend from the observed banchatrdrment’s pre-optic. Bad pixel maps coming
from the non linearity test, distortion tables, slitlettdisces, reference line tables depend only on the observed
band. The reference bad pixel map, and master darks depéhdrrfeom the band nor the pre-optic. Science
data requiring master dark need to have matching valueedffiS keyword HHERARCH ESO DET DIT.

9.3 Reduction cascade

The SINFONI data reduction follows the following sequenéeshort description of the available recipes is
given in sectiorb.1 In parenthesis we provide the value of the DO category spording to each frame.

e Runsinfo_rec_detlinon a set of flats with increasing intensity (LINEARITY_LAMR) determine the
non linearity pixels bad pixel map (BP_MAP_NL).
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e Runsinfo_rec_mdark on a set of raw darks (DARK) to determine the master dark (MBRTDARK)
and the hot pixels bad pixel map (BP_MAP_HP). This map dependDIT.

e Runsinfo_rec_mflaton a set of standard flat fields (FLAT _LAMP), the BP_MAP_NL émelREF_BP_MAP
to determine the master bad pixel map (MASTER_BP_MAP) aadrthster lamp flat (MASTER_FLAT_LAMP).

e Runsinfo_rec_distortion on a set of fibre flats (FIBRE_NS), on/off arc lamps (WAVE_ N8 an/off
lamp flats (FLAT_NS), using a reference line table (REF_LIMIRC) to determine the optical distortions
(DISTORTION) and the slitlet distances (SLITLET_DISTANSE To set a few data reduction parame-
ters which depends from the observed band and used insttyorenptics the user has also to provide in
input a DRS_SETUP_WAVE table frame.

e Runsinfo_rec_wavecabn a set of arc lamp frames (FLAT_WAVE), a MASTER_BP_MAP,
a MASTER_FLAT_LAMP, a DISTORTION, and a REF_LINE_ARC to dehine the wavelength map
(WAVE_MAP) and the slitlet edge position table (SLIT_PO¥).set a few data reduction parameters
which depends from the observed band and used instrumetupgics the user has also to provide in
input a DRS_SETUP_WAVE table. If the parameteral-slitpos_bootstraphas value set to FALSE,
as we suggest for robustness, the user need to provide ihafgman appropriate SLIT_POS table, for
example the one we provide as part of dtata reduction kit.

e Runsinfo_rec_jitter on PSF standards and a MASTER_BP_MAP, a MASTER_FLAT_LAMB)%-
TORTION, a SLITLET_DISTANCES, a SLIT_POS and a WAVE_MAP tmluce the PSF standard and
get information on the instrument’s strehl.

e Runsinfo_rec_jitter on a reference telluric standard (STD) and a MASTER_BP_MAP,
aMASTER_FLAT LAMP,aDISTORTION,a SLITLET_DISTANCES, &8 POSand a WAVE_MAP
to reduce the telluric standards and get information onb&ument’s response.

e Runsinfo_rec_jitter on your scientific data (OBJECT_NODDING) and a MASTER_BP_RJA
aMASTER_FLAT _LAMP,aDISTORTION, a SLITLET_DISTANCES, 483 POS and a WAVE_MAP
to reduce science data.

The main data products involved in the data reduction caseael indicated in the SINFONI association map
shown in Figured.3.1 It summarise dependencies between raw data, calibratamupts and recipes involved
in the correction of the instrument signature and reductibscience data. Examples of set of frames input for
each recipe are provided in sectibf
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SINFONI Association Map
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Figure 9.3.1:SINFONI Association Map
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10 Pipeline Recipes Interfaces

In this section we provide for each recipe examples of thaired input data (and their tags). In the following
we assume that /path_file_raw/filename_raw.fits and /pé&thcfib/filename_cdb.fits are existing FITS files
(e.g. /datal/sinfoni/com2/SINFO.2004-08-16T02:54368.fits and /cal/sinfo/ifu/cal/DISTORTION_K _fits).

We also provide a list of the pipeline products for each recipdicating their default recipe name (eventually
set by esorex to a given standard), the value of the FITS kejWhERARCH ESO PRO CATG (in short
PRO.CATG) and a short description. The relevant keywordsPd&®O.CATG, used to classify each frame, and
to associate to each raw frame the proper calibration frame:

Association keyword Information
HIERARCH ESO INS SETUP ID band
HIERARCH ESO INS OPTI1 NAME| Pixel scale
HIERARCH ESO DET DIT Integration time

For each recipe we also list in a table the input parametarth@y appear in the recipe configuration file), the
corresponding aliases (the corresponding names to beualisngéet on command line) and their default values.
Also quality control parameters are listed. Those are dtoreelevant pipeline products. More information on
instrument quality control can be found amw. eso. or g/ gc.

We distinguish between recipes involved in the data redoaascade (having prefix sinfo_rec) and user utilities
(with prefix sinfo_utl).

10.1 sinfo_rec_detlin

The recipe sinfo_rec_detlin computes the detector resygynas a function of the pixel intensity and determines
when it becomes non linear.

10.1.1 Input

/path_file_raw S| NFO 2004- 08- 16T02: 54: 04. 353.fits LI NEARI TY_LAMP
/path_file_raw S| NFO 2004- 08- 16T02: 53: 37.089.fits LI NEARI TY_LAMP
/path_file_raw S| NFO 2004- 08- 16T02: 52: 23.028.fits LI NEARI TY_LAMP
/path_file_raw S| NFO 2004- 08- 16T02: 51: 59. 774.fits LI NEARI TY_LAMP
/path_file_raw S| NFO 2004- 08- 16T02: 50: 38.991. fits LI NEARI TY_LAMP
/path_file_raw S| NFO 2004- 08- 16T02: 50: 11. 797.fits LI NEARI TY_LAMP
/path_file_raw S| NFO 2004- 08- 16T02: 49: 04. 887.fits LI NEARI TY_LAMP
/path_file_raw S| NFO 2004- 08- 16T02: 48: 36. 792.fits LI NEARI TY_LAMP

10.1.2 Output

| default recipe file name | PRO.CATG | short description
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lin_det_info.fits LIN_DET_INFO | Table with coefficients of non linear fit
to median of each flat image image
gain_info.fits GAIN_INFO Table with detector’s gain values
out_bplin_coeffsCube.fits BP_COEFF cube. Each cube’s plane logs coefficients of non linear fit
to pixel’s intensity used to evaluate non linearity
out_bp_lin.fits BP_MAP_NL Non linear (bad) pixels map image

The LIN_DET_INFO table for each on-off linearity flat pair mitors the following values:

e med: median on the whole frame pair difference
e avg: average on the whole frame pair difference
e med_dit: median divided detector’s DIT

e avg_dit: average divided detector’s DIT

e dit: detector’s DIT

e adl: values of the product med_dit*dit

The GAIN_INFO table for each on-off linearity flat pair momitthe following values:
e adu: intensity in adu
e gain: corresponding gain

10.1.3 Quiality control

The pipeline computes the non linear coefficients, the nurobeon linear pixels per grating, the detector gain.

Detector non linearity The detector non linearity is computed as describetilii.3 The computed coeffi-
cients are QC.BP-MAP.LINi.MED (i=0,1,2) (see Figui8.1.].

A different method is applied to determine the same quaastgescribed id1.1.3 The computed coefficients
are QC.BP-MAP.LINi.MEAN (i=0,1,2).

Non linear bad pixels The pipeline computes the number of non linear bad pixelsos&€hare given by
QC.BP-MAP.NBADPIX and are obtained with the method QC.BRIMMETHOD.

Detector gain The detector gain is computed as describetllirl.5and is given by the value of QC.GAIN. It
is expressed in ADU/e units and measures the intensity recorded by the deteateafth incident photon. Its
inverse is usually called conversion factor.
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Figure 10.1.1: Detector linearity quality control: (a) then-linearity function (non-linearity detector response
and a linear relation as a reference; (b) trending plot céctet linearity first order coefficient; (c) trending plot
of detector linearity second order coefficient.

10.1.4 Parameters

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

10.2 sinfo_rec_mdark

The recipe sinfo_rec_mdark generates a master dark frohaf smwv darks by stacking frames with rejection
of outliers. It also generates a bad pixel map flagging thechaoent pixels.

10.2.1 Input

/path_file_raw SI NFO 2004- 08- 16T01: 24: 53. 070.fits DARK
/path_file_raw SI NFO 2004- 08- 16T01: 09: 22. 905. fits DARK
/path_file_raw S| NFO 2004- 08- 16T00: 53: 51. 890.fits DARK
/path_file_raw S| NFO 2004- 08- 16T00: 38: 14. 994.fi ts DARK
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10.2.2 Output

default recipe file name¢ PRO.CATG short description
out_bp_noise.fits BP_MAP_HP bad pixel map image, method="Noise”
out_dark.fits MASTER_DARK | master dark image

10.2.3 Quiality control

Dark frames are processed to monitor the RON, Read Out NeisBId, the FPN, Fixed Pattern Noise per DIT,
the detector counts per DIT, the number of hot pixels per DIT.

RON The RON is computed on the whole detector chip and given agevafl the QC.RON parameter. For
quality control those values are monitored as a functiofinoé and DIT. Two consecutive frames are subtracted
from each other and the median standard deviation of a lihtitenber of samples is taken and normalised to
DET.NDIT=1. The RON is computed in two regions and is giverthm®/values of QC.RON1 and QC.RONZ2.

Dark median counts The median and standard deviation of the counts in the mdatkiframe are monitored
by DFO. Its value and standard deviation are given by theegadi QC.DARKMED.AVE and
QC.DARKMED.STDEV

Fixed Pattern Noise A histogram of the master dark is produced, and a fit is apptieel standard deviation
(sigma) of the Gaussian is the FPN. This value, logged bynpater QC.DARKFPN, is monitored for different
DITs. The FPN should scale linearly with the number of courfeer this reason the ratio FPN/counts is
monitored for different DITs.

Number of hot pixels The number of pixels having an intensity greater than a buigsis monitored in the
parameter QC.BP-MAP.NBADPIX

10.2.4 Parameters

parameter alias default
sinfoni.bp_noise.thresh_sigma_factobp_noise-thresh_sigma_f¢t10.0
sinfoni.bp_noise.low_rejection bp_noise-lo_rej 10.0
sinfoni.bp_noise.high_rejection bp_noise-hi_rej 10.0
sinfoni.dark.low_rejection dark-lo_rej 0.1
sinfoni.dark.high_rejection dark-hi_rej 0.1
sinfoni.dark.qc_ron_xmin dark-gc_ron_xmin 1
sinfoni.dark.qc_ron_xmax dark-gc_ron_xmax 2048
sinfoni.dark.qc_ron_ymin dark-gc_ron_ymin 1
sinfoni.dark.qc_ron_ymax dark-gc_ron_ymax 2048
sinfoni.dark.qc_ron_hsize dark-gc_ron_hsize 4
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sinfoni.dark.qc_ron_nsamp dark-qc_ron_nsamp 100
sinfoni.dark.qc_fpn_xmin dark-gc_fpn_xmin 1
sinfoni.dark.qc_fpn_xmax dark-qc_fpn_xmax 2047
sinfoni.dark.qc_fpn_ymin dark-gc_fpn_ymin 1
sinfoni.dark.qc_fpn_ymax dark-qc_fpn_ymax 2047
sinfoni.dark.qc_fpn_hsize dark-gc_ron_hsize 2
sinfoni.dark.qc_fpn_nsamp dark-qc_ron_nsamp 1000

10.3 sinfo_rec_mflat

The recipe sinfo_rec_mflat computes a master flat field franteaabad pixel map indicating pixels whose
intensity is beyond a given threshold.

10.3.1 Input

/path_file_raw SINFO. 2005-02-28T16: 27: 43. 232.fits FLAT _LAMP
/path_file_raw SINFO. 2005- 02-28T16: 28: 05.846.fits FLAT_LAMWP
/path_file_raw SINFO. 2005-02-28T16: 28: 18.820.fits FLAT _LAWP
/path_file_raw SINFO. 2005-02-28T16: 28: 32.593.fits FLAT_LAWP
/path_file_cdb/ REF_BP_MAP. fits REF_BP_MAP
/path_file_cdb/BP_MAP_NL_H 025.fits BP_MAP_NL
/path_file_cdb/BP_NMAP_HP _H. fits BP_MAP_HP *
/path_file_cdb/BP_NMAP_H 025.fits BP_NAP * %

[path _file cdb/SLIT POS H 025.fits SLIT_POS * %

With * we have indicated a bad pixel map obtained with a lisdafk frames. We suggest the user to use
darks taken with a low DIT. With ** we have listed an additibrfeames which are required only #in-
foni.lamp_flats.interpol_index==TRUE (usually not the case).

10.3.2 Output

default recipe file name¢ PRO.CATG short description

out_flat.fits MASTER_FLAT LAMP | master flat field image
out_bp_norm.fits BP_MAP_NO “Above threshold” bad pixel map image
out bpmap_sum.fits | MASTER_BP_MAP master bad pixel map image

The MASTER_BP_MAP results from the logic OR coaddition af 8P_MAP_NO image and any other bad
pixel map.
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Figure 10.2.1: Dark frame quality control pldttpper left: the mean (collapsed) column (red) and the column
at X=2048/4 of the product frameJpper middle: two rows at Y=2048/4 (red) and Y=2048*(3/4) (blue) of
the product framelUpper right: a parabolic function (blue) is fit to the central part (-3 to@&ints) of the log
of the raw2-rawl difference frame (red). Histogram of th&/3araw?2 difference frame (green).ower left:
mean column (collapse), column x=500 of the product and effitist of the three raw input files. A smaller
y-range is shown to show the difference between fixed-paftepixel-to-pixel) noise and the statistical noise.
Lower middle: the Y=500 row of the product minus the Y=500 row of a refeepecoduct. Y=600 row of the
product minus the Y=600 row of a reference product. X=50Qicwl of the master minus the X=500 column
of a reference product. The reference product is renewedllysance a period or after an interventionower
right: histogram of the difference frame (second raw minus firgf) rgied) and Gaussian fit between -3 and 3
counts (blue). Histogram of the raw3-raw2 difference frgigreen).

10.3.3 Quality control

With this recipe one can monitor the lamp efficiency for eacdtigg, the number of bad pixels for each grating,
the number of counts in the lamp-off frames, the fixed patbtéseanin two given regions.

Lamp flux The flux of the halogen lamp as measured by the detector deenthe intrinsic brightness of
the lamp but also on the spectroscopic setting and the aéghiof optical elements. The lamp-off frame is
subtracted from the lamp-on frame. The fluxes on this diffeeeframe as computed by the recipe are mon-
itored from the parameter QC.SPECFLAT.NCNTSAVG (the stadddeviation of those values is given by
QC.SPECFLAT.NCNTSSTD). Day-time spectral flats calilmasi come in five pairs of lamp-on and lamp-off
frames. Night time calibrations (attached calibratiormne as one pair.
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For each lamp-on frame the corresponding lamp-off frameilligracted and the median is calculated. The QC
parameter QC.SPECFLAC.OFFFLUX is the average of theseugsal

aaaaaaaaaaaaaaaaaaaaaaaaa
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Figure 10.3.1: Detector flat field quality control: (a) Trémgl plot of lamp average flux; (b) Trending plot of
lamp fixed pattern noise in the first reference region.

Bad pixels The number of bad pixels found on the master lamp flat are m@dtfrom the value of QC.BP-
MAP.NBADPIX. The number of bad pixel in the master bad pixedpris given by the value of QC.MBP-
MAP.NBADPIX

Lamp-off flux It is important to monitor the light/heat contamination hretoptical path. The flux measured
in lamp-off frames is usually a few counts above the resetrahyp at the same DIT (the dark counts), since a
broad band filter is used for the lamp-off frames, while thekdeames are taken with two excluding narrow
band filters.The pipeline monitors HHERARCH ESO QC SPECFIOHFFLUX, that is the average of the (five)
off-lamp medians.

Fixed Pattern Noise The pipeline computes the Fixed Pattern noise, in a seleetgdn on the array. This is

a simple standard deviation of the flat product frame. Theret specified in the sinfo_rec_mflat.rc file. Two
regions are monitored by parameters QC.LFLAT.FPN1 and @CAT.FPN2. During the observing period P75
the first region was the central quarter [@512,@512:@152638]. In the same observing period the second
region was an area on one single slitlet [@1350,@1000: @ &39200].

10.3.4 Parameters
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parameter alias default
sinfoni.bp_norm.sigma_factor bp_norm-s_factor 5.0
sinfoni.bp_norm.method_index bp_norm-method_ind 1
sinfoni.bp_norm.factor bp_norm-fct 10.0
sinfoni.bp_norm.iterations bp_norm-it 8
sinfoni.bp_norm.low_rejection bp_norm-lo_rej 0.1
sinfoni.bp_norm.high_rejection bp_norm-hi_rej 0.1
sinfoni.bp_norm.lIx bp_norm-Iix 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.threshold_index bp_norm-thr_ind TRUE
sinfoni.bp_norm.mean_factor bp_norm-mean_fct 100.0
sinfoni.bp_norm.min_cut bp_norm-min_cut 0.0
sinfoni.bp_norm.max_cut bp_norm-max_cut 5e+04
sinfoni.lamp_flats.low_rejection lamp_flats-lo_rej 0.1
sinfoni.lamp_flats.high_rejection lamp_flats-hi_rej 0.1
sinfoni.lamp_flats.interpol_index lamp_flats-interpol_index| FALSE
sinfoni.lamp_flats.max_rad lamp_flats-max_rad 4
sinfoni.lamp_flats.bad_ind lamp_flats-bad_ind FALSE
sinfoni.lamp_flats.sigma_factor lamp_flats-sigma_factor | 5.0
sinfoni.lamp_flats.factor lamp_flats-factor 3.0
sinfoni.lamp_flats.iterations lamp_flats-iterations 8
sinfoni.lamp_flats.bad_low_rejection lamp_flats-bad_lo_rej 10.0
sinfoni.lamp_flats.bad_high_rejectignlamp_flats-bad_hi_rej 10.0
sinfoni.lamp_flats.llx lamp_flats-lIx 1350
sinfoni.lamp_flats.lly lamp_flats-lly 1000
sinfoni.lamp_flats.urx lamp_flats-rrx 1390
sinfoni.lamp_flats.ury lamp_flats-ury 1200
sinfoni.lamp_flats.thresh_ind lamp_flats-tresh_ind FALSE
sinfoni.lamp_flats.mean_factor lamp_flats-mean_factor | 10.0
sinfoni.lamp_flats.qc_fpn_xminl lamp_flats-gc_fpn_xminl| 512
sinfoni.lamp_flats.qc_fpn_xmax1 lamp_flats-qc_fpn_xmax1 1536
sinfoni.lamp_flats.qc_fpn_yminl lamp_flats-gc_fpn_yminl| 512
sinfoni.lamp_flats.qc_fpn_ymax1 lamp_flats-gc_fpn_ymax1 1536
sinfoni.lamp_flats.qc_fpn_xmin2 lamp_flats-qc_fpn_xmin2| 1350
sinfoni.lamp_flats.qc_fpn_xmax2 lamp_flats-gc_fpn_xmax2 1390
sinfoni.lamp_flats.qc_fpn_ymin2 lamp_flats-qc_fpn_ymin2| 1000
sinfoni.lamp_flats.qc_fpn_ymax2 lamp_flats-gc_fpn_ymax2 1200
sinfoni.lamp_flats.qc_thresh_min | lamp_flats-qc_thresh_min O
sinfoni.lamp_flats.qc_thresh_max | lamp_flats-qc_thresh_max49000
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10.4 sinfo_rec_distortion

The recipe sinfo_rec_distortion is used to compute thecaptlistortion. It also computes the relative distances
of the slitlets from the first one.

10.4.1 Input

/path_file_raw SINFO 2004-08-16T13: 17: 28. 050.fits FI BRE_NS
/path_file_raw SINFO. 2004-08- 16T13: 16: 56. 095.fits FI BRE_NS
/path_file_raw SINFO. 2004-08- 16T13: 16: 34.352.fits FI BRE_NS
/path_file_raw SINFO 2004-08-16T13: 16: 14.839.fits FI BRE_NS
/path_file_raw SINFO 2004-08-16T13: 15: 55.156.fits FI BRE_NS
[path _file raw SINFO 2004-08-16T13: 16: 55.156.fits WAVE NS
/path_file_raw SINFO. 2004-08-16T13: 17: 55.156. fits WAVE NS
/path_file_raw SINFO. 2004-08-16T13: 18: 55. 156.fits FLAT_NS
/path_file_raw SINFO. 2004-08-16T13: 19: 55.156.fits FLAT_NS

/path_file_cdb/neonK fits REF_LI NE_ARC

[path _file cdb/drs_setup wave.fits DRS SETUP_WAVE
[path _file _cdb/BP_NMAP_H 025.fits BP_NAP * %
/path _file_cdb/SLIT POS H 025.fits SLIT_PCS * %

With ** we have listed an additional frames which are reqdioaly if sinfoni.lamp_flats.interpol_index==TRUE
(usually not the case).

10.4.2 Output

default recipe file name PRO.CATG short description

out_flat.fits MASTER_FLAT LAMP master flat field image

out_bp_dist.fits BP_MAP_DI “Above threshold” bad pixel map image
out_ns_stack_off.fits FIBRE_NS STACKED_OFF| fake off image from FIBRE,NS
out_ns_stack_on.fits FIBRE_NS STACKED_ON | fake on image from FIBRE,NS
out_ns_stack.fits FIBRE_NS STACKED fake on-off image

out_wecal_stack.fits WAVE_LAMP_STACKED stacked arc image

out_slitlets_pos_predist.fits SLITLETS _POS_PREDIST | table with computed slitlets edge
positions before distortion correction

out_distortion.fits DISTORTION table computed optical distortions
out_ns_stack warp.fits FIBRE_NS STACKED_DIST on-off image corrected for distortions
out_ns.fits MASTER_SLIT on-off image multiplied by BP map
out_distances.fits SLITLETS_DISTANCE table with computed slitlet distances

The SLITLETS_POS_PREDIST table for each slitlet measwddhowing values:
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e degx: x degree
e degy: y degree

e coeff: polynomial distortion coefficient
The DISTORTION table stores the computed distortion caoefiits:

e posl: left slitlet edge x position

e pos2: right slitlet edge x position
The SLITLET_DISTANCE table stores the computed slitletstatices from the left edge of the first slitlet:

e slitlet_distance: computed slitlets distances from tifiedldge of the first slitlet

10.4.3 Quality control

The recipe sinfo_rec_distortion generates the DISTORTpRdduct, that is a FITS table containing the coeffi-
cients of the optical distortion polynomial. Polynomialeficients are monitored by QC.COEFFij, ij=00, 10,
01, 11, 20, 02, 21, 12.

Since the coefficients may be difficult to monitor, the ogtidistortion is applied to five points on the chip.
These are the four quadrant centers and the center of the &2, 512), (512,1536), (1536,512), (1536,1536)
and (1024,1024). The plot shows the location of the five gaimtthe array (like the five symbol on a dice) and
the applied shifts in x (along a row), enhanced by a giverofadthe optical distortion will shift and shrink the
initial dice figure. The QC parameters defined to monitor ¢hekifts are QC.XSHIFT.CC, QC.XSHIFT.LL,
QC.XSHIFT.LR, QC.XSHIFT.UR, QC.XSHIFT.UL.

The second product of the north south test recipe is the SETE. DISTANCES product, the relative distance
between the 32 slitlets, monitored by QC.SL.DISTi, =0,30.

Trending describes the variation of a QC1 parameter witle tifthe following QC1 parameters are determined
and monitored:

The recipe sinfo_rec_distortion determines the distartioterms of polynomial coefficients
CO+C1X+C2Y+C3XY+C4XX+C5YY +C6XXY+C7 XYY

The recipe also determines the relative pixel distance éetweconsecutive slitlets, a value around 64.

Distortion coefficients : The coefficients CO to C7 are monitored

Reference pixels shift : Distortion coefficients are applied to five points on thepchi

Slitlets Distances : the average distance between slitlets is monitored tegetfith its uncertainty by QC
parameters QC.SL.DISTAVG, QC.SL.DISTRMS.
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Figure 10.4.1: Optical distortions quality control: (a@riding plot of upper left X shift; (b) trending plot of

slitlet # 17 position.

10.4.4 Parameters

parameter alias default
sinfoni.lamp_flats.low_rejection lamp_flats-lo_rej 0.1
sinfoni.lamp_flats.high_rejection lamp_flats-hi_rej 0.1
sinfoni.lamp_flats.interpol_index lamp_flats-interpol_index FALSE
sinfoni.lamp_flats.max_rad lamp_flats-max_rad 4
sinfoni.lamp_flats.bad_ind lamp_flats-bad_ind FALSE
sinfoni.lamp_flats.sigma_factor lamp_flats-sigma_factor 5.0
sinfoni.lamp_flats.factor lamp_flats-factor 3.0
sinfoni.lamp_flats.iterations lamp_flats-iterations 8
sinfoni.lamp_flats.bad_low_rejection lamp_flats-bad_lo_rej 10.0
sinfoni.lamp_flats.bad_high_rejection lamp_flats-bad_hi_rej 10.0
sinfoni.lamp_flats.lIx lamp_flats-lIx 1350
sinfoni.lamp_flats.lly lamp_flats-lly 1000
sinfoni.lamp_flats.urx lamp_flats-rrx 1390
sinfoni.lamp_flats.ury lamp_flats-ury 1200
sinfoni.lamp_flats.thresh_ind lamp_flats-tresh_ind FALSE
sinfoni.lamp_flats.mean_factor lamp_flats-mean_factor 10.0
sinfoni.lamp_flats.qc_fpn_xminl lamp_flats-gc_fpn_xminl 512
sinfoni.lamp_flats.qc_fpn_xmax1 lamp_flats-gc_fpn_xmax1 1536
sinfoni.lamp_flats.qc_fpn_yminl lamp_flats-gc_fpn_yminl 512
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sinfoni.lamp_flats.qc_fpn_ymax1 lamp_flats-gc_fpn_ymax1 1536
sinfoni.lamp_flats.qc_fpn_xmin2 lamp_flats-gc_fpn_xmin2 1350
sinfoni.lamp_flats.qc_fpn_xmax2 lamp_flats-gc_fpn_xmax2 1390
sinfoni.lamp_flats.qc_fpn_ymin2 lamp_flats-gc_fpn_ymin2 1000
sinfoni.lamp_flats.qc_fpn_ymax2 lamp_flats-qc_fpn_ymax2 1200
sinfoni.lamp_flats.qc_thresh_min lamp_flats-gc_thresh_min 0
sinfoni.lamp_flats.qc_thresh_max lamp_flats-gc_thresh_max 49000
sinfoni.bp.method bp-method Normal
sinfoni.bp_dist.sigma_factor bp_dist-s_factor 2.0
sinfoni.bp_dist.method_index bp_dist-method_ind 1
sinfoni.bp_dist.factor bp_dist-fct 999.0
sinfoni.bp_dist.iterations bp_dist-it 8
sinfoni.bp_dist.low_rejection bp_dist-lo_rej 0.1
sinfoni.bp_dist.high_rejection bp_dist-hi_rej 0.1
sinfoni.bp_dist.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.threshold_index bp_dist-thr_ind TRUE
sinfoni.bp_dist.mean_factor bp_dist-mean_fct 999.0
sinfoni.bp_dist.min_cut bp_dist-min_cut 0.0
sinfoni.bp_dist.max_cut bp_dist-max_cut 5e+04
sinfoni.stacked.low_rejection stack-lo_rej 0.1
sinfoni.stacked.high_rejection stack-hi_rej 0.1
sinfoni.stacked.flat_index stack-flat_ind TRUE
sinfoni.stacked.mask_index stack-mask_ind 1
sinfoni.stacked.ind_index stack-ind_ind FALSE
sinfoni.stacked.mask_rad stack-mask_rad 4
sinfoni.stacked.gauss_index stack-gauss_ind FALSE
sinfoni.stacked.kernel_half_width stack-khw 2
sinfoni.stacked.warpfix_ind stack-warpfix_ind TRUE
sinfoni.stacked.warpfix_kernel stack-warpfix_kernel tanh
sinfoni.stack.qc_thresh_min stack-gc_thresh_min 0
sinfoni.stack.qc_thresh_max stack-gc_thresh_max 64000
sinfoni.distortion.calib_indicator dist-calib_indicator TRUE
sinfoni.distortion.min_diff_mean_med_col_intdist-min_diff_mean_med_col_int 10.0
sinfoni.distortion.half_width dist-hw 7
sinfoni.distortion.sigma dist-sigma 2.0
sinfoni.distortion.fwhm dist-fwhm 2.0
sinfoni.distortion.min_amplitude dist-min_amplitude 5.0
sinfoni.distortion.max_residual dist-max_residual 0.5
sinfoni.distortion.n_a_coefficients dist-n_a_coeffs 4
sinfoni.distortion.n_b_coefficients dist-n_b_coeffs 2
sinfoni.distortion.sigma_factor dist-sigma_factor 1.5
sinfoni.distortion.write_coeffs_ind dist-wcoeff_ind TRUE
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sinfoni.distortion.write_par_ind dist-par_ind TRUE
sinfoni.distortion.pixel_dist dist-pixel-dist 12
sinfoni.distortion.pixel_tol dist-pixel_tol 3.0
sinfoni.distortion.wave_map_ind dist-wave_map_ind FALSE
sinfoni.distortion.mag_factor dist-mag_factor 8
sinfoni.distortion.slit_pos_indicator dist-slit_pos_ind TRUE
sinfoni.distortion.fit_boltz_indicator dist-fit_boltz_ind TRUE
sinfoni.distortion.fit_edge_indicator dist-fit_edge_ind FALSE
sinfoni.distortion.estimate_indicator dist-estimate_ind FALSE
sinfoni.distortion.box_length dist-box_len 32
sinfoni.distortion.y_box dist-y_box 5.0
sinfoni.distortion.diff_tol dist-diff_toll 2.0
sinfoni.distortion.qc_thresh_min dist-qc_thresh_min 0
sinfoni.distortion.qc_thresh_max dist-qc_thresh_max 64000
sinfoni.distortion.lower_rejection ns-lo_rejection 0.1
sinfoni.distortion.higher_rejection ns-hi_rejection 0.1
sinfoni.distortion.mask_ind ns-mask_ind FALSE
sinfoni.distortion.gauss_ind ns-gauss_ind FALSE
sinfoni.distortion.kernel_half width ns-khw 2
sinfoni.distortion.ns_half width ns-hw 4
sinfoni.distortion.ns_fwhm ns-fwhm 2.0
sinfoni.distortion.min_diff ns-min_diff 1.0
sinfoni.distortion.dev_tol ns-dev_tol 20.0
sinfoni.distortion.arcs_thresh_factor arcs_thresh_factor 0.33333
sinfoni.distortion.arcs_min_arclen_factor arcs_min_arclen_factor 1.19
sinfoni.distortion.arcs_window_size arcs_window_size 14
sinfoni.distortion.smooth_rad smooth_rad 3
sinfoni.north_south_test.low_rejection ns-lo_rej 0.1
sinfoni.north_south_test.high_rejection ns-hi_rej 0.1
sinfoni.north_south_test.mask_ind ns-mask_ind FALSE
sinfoni.north_south_test.gauss_ind ns-gauss_ind FALSE
sinfoni.north_south_test.kernel_half_width | ns-khw 2
sinfoni.north_south_test.half_width ns-hw 4
sinfoni.north_south_test.fwhm ns-fwhm 2.0
sinfoni.north_south_test.min_diff ns-min_diff 1.0
sinfoni.north_south_test.dev_tol ns-dev_tol 20.0

10.5 sinfo_rec_wavecal

The recipe sinfo_rec_wavecal is used to determine the wag#h dispersion coefficients and construct a wave-
length calibration map. It also determines the positionthefedges of each slitlet.



Doc: VLT-MAN-ESO-19500-360(
ESO SINFONI Pipeline User Manual  |[Ssue: Issue 4.0
Date: Date 2007-05-1%
Page: 59 of 106
10.5.1 Input

[path_file raw SI NFO 2004-08- 15T11: 26: 49. 348. fits WAVE LAMP
/[path_file_raw SINFO 2004-08-15T11: 26: 19. 304. fits WAVE LAWVP
[path _file cdb/neonK fits REF_LI NE _ARC

/path_file_cdb/ MASTER FLAT LAMP_K 100.fits MASTER FLAT_ LAMP
/path_file_cdb/ MASTER BP_NMAP_K 100.fits MASTER BP_NMAP
/path_file_cdb/ Dl STORTION K. fits DI STORTI ON

[path _file cdb/drs_setup wave.fits DRS SETUP_WAVE

/path _file_cdb/SLIT POS K 100.fits SLIT_PCS

The slitlet position table, classified as SLIT_POS, is a ss&®y input if the paramete&rcal-slitpos_bootstrap

is set to FALSE, which we suggest for robustness. As thisss alproduct of this step, we have provided a
complete list of master calibrations for this frame as p#rthe data reduction kit. If the user would like to
set the parametavcal-estimate_indto TRUE, an additional input table to have a guess of thesslitbsitions
must be provided, with the classification SLIT_POS_GUES® Uiser may for example use for this table a
copy of the appropriate (band, pre-optics) provided SLIOSRPIf the parametawncal-calib_indicator is set to
FALSE, the user has to provide also the parabolic fit coefiisi¢able, to be classified as WAVE_COEF_SLIT,
for example the one which can be obtained running the reciffeweal-calib_indicator set to TRUE (default).

10.5.2 Output

default recipe file name| PRO.CATG short description
out_stack_mflat_dist.fits MFLAT _STACKED_DIST | stacked FLAT,LAMP image
out_wcal_stack.fits WAVE_LAMP_STACKED | stacked WAVE,LAMP image

out_wavemap_ima.fits | WAVE_MAP wavelength map image: wavelength=intensity
outCoeffsSlit.fits WAVE_COEF_SLIT table with parabolic fit coefficients, for each pixel
out_fit_params.fits WAVE_FIT_PARAMS table with parameters relative to the fit of lines
out_slitpos.fits SLIT_POS slitlets positions

The WAVE_COEF_SLIT table stores the computed polynomieffficients:

o coeffO: coefficient polynomial term order O
e coeffl: coefficient polynomial term order 1
e coeff2: coefficient polynomial term order 2

o coeff3: coefficient polynomial term order 3
The WAVE_FIT_PARAMS table stores the computed parametelines fit:

e n_params: number of raws in table

e column: detector’s column number
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e line: increasing value of line ID

e fparO: line Gaussian amplitude

e dpar0: line Gaussian amplitude’s error
e fparl: line FWHM

e dparl: line FWHM's error

e fpar2: line center

e dpar2: line center’s error

e fpar3: line background

e dpar3: line background’s error
The SLIT_POS table stores the computed slitlets left artat egges positions:

e posl: left slitlet edge position

e pos2: right slitlet edge position

10.5.3 Quiality control

The recipe monitors the resolving power, the overall wavglle dispersion offset ipm and pixels, the slitlets
position in pixels.

Dispersion solution The recipe returns several QC parameters. Among them thhagev@and median coeffi-
cients of the wavelength solution (QC.COEFi.AVG, QC.CQHEHHD, i=0,3). The measured wavelength can be
compared against the encoder value (INS.GRAT1.WLEN) aactiminal values (e.g. 2.20Q0n for the S3_K
grating). During commissioning the grating have been sehwpway that the average and central wavelengths
coincides with the nominal values.

The resolving power is monitored as the FWHM of the found ared (QC.FWHM.MED, QC.FWHM.AVG)
divided by the central wavelength.

Offset DFO monitors the offset between the central wavelength asned by the recipe and the grating
encoder value (measured value minus encoder value). Asguthat the grating inizializes with the same
encoder value, this parameter nominally measures thegntrerrors of the pipeline recipe.

The offset between nominal central wavelength (as given.BgQLJ, 1.650 H, 2.200 K, 1.950 H+K) and the
corresponding measured one as given by the wavecal recfprahunits (measured minus nominal) are moni-
tored.

The offset between the encoder value and the nominal ceménaglength, as given by 1.250 J, 1.650 H, 2.200
K, 1.950 H+K (encoder minus nominal) allows to monitor thasipion stability/variability of the grating.
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Overall wavelength calibration error  The value of QC.WAVE.POSERR indicates an estimate of theative
positioning error found during the wavelength calibration
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Figure 10.5.1: Wavelength calibration quality control) ff@nding plot of overall positioning error; (b) trending
plot of meadian line’s FWHM.

Maximum flux  The maximum flux in an arc lamp frame, given by the value of GAMPON.MAXFLUX,
gives an indication of the arc lamp aging.

10.5.4 Parameters

parameter alias default
sinfoni.stacked.low_rejection stack-lo_rej 0.1
sinfoni.stacked.high_rejection stack-hi_rej 0.1
sinfoni.stacked.flat_index stack-flat_ind TRUE
sinfoni.stacked.mask_index stack-mask_ind 1
sinfoni.stacked.ind_index stack-ind_ind FALSE
sinfoni.stacked.mask_rad stack-mask_rad 4
sinfoni.stacked.gauss_index stack-gauss_ind FALSE
sinfoni.stacked.kernel_half_width stack-khw 2
sinfoni.stacked.warpfix_ind stack-warpfix_ind TRUE
sinfoni.stacked.warpfix_kernel stack-warpfix_kernel | tanh
sinfoni.stack.qc_thresh_min stack-gc_thresh_min | O
sinfoni.stack.qc_thresh_max stack-qc_thresh_max| 64000
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sinfoni.wavecal.slitpos_boostrap_switchwcal-slitpos_bootstrap FALSE

sinfoni.wavecal.calib_indicator wecal-calib_indicator | TRUE
sinfoni.wavecal.min_diff wecal-min_diff 1
sinfoni.wavecal.half_width wcal-hw 7
sinfoni.wavecal.sigma wcal-sigma 2.0
sinfoni.wavecal.fwhm wcal-fwhm 2.83

sinfoni.wavecal.min_amplitude
sinfoni.wavecal.max_residual
sinfoni.wavecal.n_a_coefficients
sinfoni.wavecal.n_b_coefficients
sinfoni.wavecal.sigma_factor

wcal-min_amplitude | 5.0
wcal-max_residual 0.5
wcal-n_a_coeffs 4
wcal-n_b_coeffs 2
wecal-sigma_factor 1.5

sinfoni.wavecal.write_coeffs_ind wcal-wcoeff_ind TRUE
sinfoni.wavecal.write_par_ind wecal-par_ind TRUE
sinfoni.wavecal.pixel_dist wcal-pixel_dist 12
sinfoni.wavecal.pixel_tol wecal-pixel_tol 3.0
sinfoni.wavecal.wave_map_ind wcal-wave_map_ind | FALSE
sinfoni.wavecal.mag_factor wcal-mag_factor 8
sinfoni.wavecal.slit_pos_indicator wcal-slit_pos_ind TRUE
sinfoni.wavecal.fit_boltz_indicator wecal-fit_boltz_ind TRUE
sinfoni.wavecal.fit_edge_indicator wecal-fit_edge_ind FALSE
sinfoni.wavecal.estimate_indicator wcal-estimate_ind FALSE
sinfoni.wavecal.box_length wecal-box_len 32
sinfoni.wavecal.y_box wcal-y_box 5.0
sinfoni.wavecal.diff_tol wecal-diff_toll 2.0
sinfoni.wavecal.qc_thresh_min wcal-qc_thresh_min | O
sinfoni.wavecal.qc_thresh_max wecal-gc_thresh_max | 64000

10.6 sinfo_rec_jitter

The recipe sinfo_rec_jitter reduces PSF standard, telktandard or other scientific targets data. It subtracts
the sky, corrects for the flat-field and resamples the dateohgtoucting a wavelength calibrated cube in which
each plane is a monochromatic image of the FOV. A cube is gegekfor each target object. Finally a mosaic of
all the cubes is reconstructed. Finally it measures the R8HM (x and y) and computes the instrument Strehl
and the encircled energy. Moreover for target frames whaset gpread function may be approximated by a
2D Gaussian, it extract the object average spectrum andut@sthe instrument+detector+telescope efficiency.

10.6.1 Input

/path_file_raw SINFO 2004-08-13T03: 26: 12. 559. fits PSF_CALI BRATOR
/path_file_raw SI NFO. 2004- 08- 13T03: 25: 30. 323. fits SKY_PSF_CALI BRATOR
/path_file_cdb/ MASTER BP_MAP_K 250.fits MASTER BP_MAP

/path _file cdb/ MASTER FLAT LAMP_K 250.fits MASTER FLAT LAMP
/path_file_cdb/WAVE_MAP_K 250.fits WAVE_NMAP

/path file cdb/SLIT_POS K 250.fits SLI T_POS
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/path_file_cdb/SLI TLETS DI STANCE K. fits SLI TLETS DI STANCE
[path _file_cdb/ DI STORTION K. fits DI STORTI ON

10.6.2 Output

default recipe file name PRO.CATG short description
sky00.fits SKY_STACKED_DUMMY stacked sky image
out_sky stack_distO.fits | SKY_STACKED_DIST stacked sky image distortion corrected
out_stack_mflat_dist.fits | MFLAT _STACKED_DIST stacked master flat image
out_stackN.fits X_CALIBRATOR_STACKED| stacked X image, N=0,1,...
out_resampled_obj0.fits | RESAMPLED_OBJ stacked, resampled object image
out_resampled_skyO.fits | RESAMPLED_SKY stacked, resampled sky image
out_resampled_flat0.fits | RESAMPLED_FLAT LAMP | stacked, resampled flat image
distortions corrected
out_sky cube00.fits OBS_SKY sky cube
out_sky med00.fits SKY_MED SKY_CUBE z-median image
out_mflat_cube.fits MFLAT_CUBE Master flat cube
out_mflat_avg.fits MFLAT_AVG MFLAT_CUBE z-mean image
out_mflat_med.fits MFLAT_MED MFLAT _CUBE z-median image
out_cube_objNN.fits OBS_X X cube, NN=00,01,...
out_cube_obj_corNN.fits 1 OBS X X cube, sky residual corrected, NN=00,01]...
out_int_objNN.fits * QC_SPECTRA QC info on sky residual corrected spectra
out_objnod.fits COADD_X coadded cube
out_objnod_med_cube.fits MED_COADD_X COADD_X z-median image
out_objnod_bpmap.fits MASK_COADD_X COADD_X’s mask cube
out_ao_performance.fits | AO_PERFORMANCE table with strehl information
out_encircled_energy.fits | ENC_ENERGY table with encircled energy information
out_psf.fits MASTER_PSF z-median of COADD_X
out_std_star_spectrum.fits STD_STAR_SPECTRA table with extracted spectrum,
and efficiency information for COADD_X
out_starspectrum.fits STD_STAR_SPECTRUM collapsed image spectrum COADD_X

Here X=PSF or STD or OBJ if in input are PSF or telluric standaor other science frames. Product indicated
with * are produced only iproduct-density=2 andobjnod-sky cor=TRUE.

The AO_PERFORMANCE table stores information about the asteqgb Strehl:

e wavelength: wavelength at which Strehl is computed
e strehl: Strehl value

e strehl_error: Strehl error

The STD_STAR_SPECTRA table stores information about theaeted spectrum and the computed detec-
tor+instrument+telescope efficiency:
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e wavelength: wavelength

e counts_tot: total counts integrated in a given window

e counts_bkg: total counts - background counts in the samdaomin
e bkg_tot: background counts in the same window

e bb flux_com: black body flux used to compute efficiency

o efficiency: detector+instrument+telescope efficiency
The ENCIRCLED_ENERGY table stores information about theireted energy:

e 1_pix: radii in pix units

e r_mas: radii in milli arcsecs

r_dif: radii in utints of diffraction limit radii

abs_energy: absolute encircled energy

rel_energy: relative encircled energy

10.6.3 Quality control

QC.STREHLI log the instrument’s Strehl at wavelength QCMBDA.. It also logged the median Strehl
(QC.STREHL.MED) and the mean Strehl (QC.STREHL.AVG), amel ¢rror associated to the median Strehl
(QC.STREHL.MEDERR). The values of QC.PUPILi.SHIFTX, QOUMLI.SHIFTY, indicate the position of
the centroid of the pupil image. QC.ENC.CORE give the etwitenergy in the PSF's core. QC.FWMX,
QC.FWHMY, QC.CONVFCT, QC.CHECKI, QC.SHIFTX, QC.SHIFTYh& values of QC.FWHM.LLX and
QC.FWHM.LLY indicate the position of the lower left X and Y gition of the rectangular box where a
2D Gaussian fit to the object PSF is calculated to extract Hjeco spectrum and the QC.FWHM.HBX and
QC.FWHM.HBY are the corresponding half box sizes. The patans QC.FWHM.MAJ, QC.FWHM.MIN,
QC.THETA indicate the size of the major and minor ellipsois and their angle with respect to the X-Y
standard axes in the 2D ellipsoid fit to the image PSF.

10.6.4 Parameters

parameter alias default
sinfoni.product.density product-density 1
sinfoni.stacked.low_rejection stack-lo_rej 0.1
sinfoni.stacked.high_rejection stack-hi_rej 0.1
sinfoni.stacked.flat_index stack-flat_ind TRUE
sinfoni.stacked.mask_index stack-mask_ind 1
sinfoni.stacked.ind_index stack-ind_ind FALSE
sinfoni.stacked.mask_rad stack-mask_rad 4
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sinfoni.stacked.gauss_index stack-gauss_ind FALSE
sinfoni.stacked.kernel_half_width | stack-khw 2
sinfoni.stacked.warpfix_ind stack-warpfix_ind TRUE
sinfoni.stacked.warpfix_kernel stack-warpfix_kernel tanh
sinfoni.stack.qc_thresh_min stack-qc_thresh_min 0
sinfoni.stack.qc_thresh_max stack-gc_thresh_max 64000
sinfoni.objnod.autojitter_method | objnod-aj_method 1
sinfoni.objnod.scales_sky objnod-scales_sky FALSE
sinfoni.objnod.ks_clip objnod-ks_clip TRUE
sinfoni.objnod.kappa objnod-kappa 2.0
sinfoni.objnod.size x objnod-size_x 0
sinfoni.objnod.size_y objnod-size_y 0
sinfoni.objnod.n_coeffs objnod-no_coeffs 3
sinfoni.objnod.nord_south_index | objnod-ns_ind TRUE
sinfoni.objnod.fine_tuning_method objnod-fine_tune_mtd P
sinfoni.objnod.order objnod-order 2
sinfoni.objnod.lower_rejection objnod-lo_rej 10.0
sinfoni.objnod.higher_rejection objnod-hi_rej 10.0
sinfoni.objnod.tolerance objnod-tol 2
sinfoni.objnod.jitter_index objnod-jit_ind TRUE
sinfoni.objnod.vlIx objnod-vlix 0
sinfoni.objnod.vily objnod-vlly 0
sinfoni.objnod.vurx objnod-vurx 0
sinfoni.objnod.vury objnod-vury 0
sinfoni.objnod.fcol objnod-fcol 0
sinfoni.objnod.sky_cor objnod-sky_cor TRUE
sinfoni.skycor.mask_ws skycor-mask_ws 1.4
sinfoni.skycor.mask_we skycor-mask_we 2.5
sinfoni.skycor.min_frac skycor-min_frac 0.8
sinfoni.skycor.sky bkg_filter_width skycor-sky bkg_filt_ width| 12
sinfoni.skycor.line_hw skycor-line_hw 4,
sinfoni.skycor.scale_method skycor-scale_method 1
sinfoni.skycor.rot_cor skycor-rot_cor FALSE
sinfoni.skycor.fit_obj_noise skycor-fit_obj_noise FALSE
sinfoni.skycor.niter skycor-niter 10
sinfoni.std_star.switch std_star-switch TRUE
sinfoni.std_star.low_rejection std_star-lo_rej 0.1
sinfoni.std_star.high_rejection std_star-hi_rej 0.1
sinfoni.std_star.fwhm_factor std_star-fwhm_fct 5.0
sinfoni.std_star.conversion_index | std_star-conv_ind TRUE
sinfoni.psf.switch psf_switch TRUE

Note that to obtain better sky subtraction quality the user ould set both the parameters product-density
to 2 and the parameter objnod-sky_cor to TRUE The correction of sky residuals should be performed hav-
ing (at least) a sky frame available. In case a sky frame isingsthe pipeline uses the next in time object
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frame as a “dummy” sky frame and activating the the sky regidorrection there is the risk that object lines
cancel out after subtraction. The user should also choosgepvalues of the critical parameteskycor-
sky_bkg_filter_width, skycor-line_hw, skycor-rot_cor, skycor-fit_obj_noise. A check of the results provided
by the product table(s) with PRO.CATG QC_SPECTRA is alwagemmended to compare the extracted spec-
tra before and after the correction.

This release has the default of the parametmduct-density set to 1 to make sure that at Paranal the data
reduction is fast enough.

10.7 sinfo_rec_pupil

This recipe performs the same data reduction asitife_rec_jitter on PUPIL, IMAGE frames. Please refer to
10.6for parameters description. We describe here only the miffarehces.

/path_file_raw SINFO. 2004-08- 13T03: 26: 12.559.fits PUPI L_LAWP
/path_file_raw SINFO. 2004-08-13T03: 25: 30. 323.fits PUPI L_LAMP
/path_fil e_cdb/ MASTER BP_NMAP_K 250.fits MASTER BP_MAP
/path_file_cdb/ MASTER FLAT LAMP_K 250.fits MASTER FLAT_ LAWP
[path _file _cdb/WAVE MAP_K 250.fits WAVE NAP
/path_file_cdb/SLIT POS K 250.fits SLIT_PCS
/path_file_cdb/SLI TLETS DI STANCE K. fits SLI TLETS_ DI STANCE
/path_file_cdb/ Dl STORTION K. fits DI STORTI ON

10.7.1 Output

default recipe file name | PRO.CATG short description

sky00.fits SKY_STACKED_DUMMY stacked sky image
out_sky stack dist0O.fits | SKY_STACKED_DIST stacked sky image distortion corrected
out_stack mflat_dist.fits | MFLAT_STACKED_DIST stacked master flat image
out_stackN.fits X_CALIBRATOR_STACKED | stacked X image, N=0,1,...
out_resampled_obj0.fits | RESAMPLED_OBJ stacked, resampled object image
out_resampled_skyO0.fits | RESAMPLED_SKY stacked, resampled sky image

out_resampled_flat0.fits | RESAMPLED_FLAT LAMP | stacked, resampled flat image
distortions corrected

out_sky cube00.fits OBS_SKY sky cube

out_sky medO00.fits SKY_MED SKY_CUBE z-median image
out_mflat_cube.fits MFLAT_CUBE Master flat cube
out_mflat_avg.fits MFLAT_AVG MFLAT_CUBE z-mean image
out_mflat_med.fits MFLAT_MED MFLAT_CUBE z-median image
cube_objNN.fits OBS_X X STD cube, NN=00,01,...
out_objnod.fits COADD_X coadded cube
out_objnod_med_cube.fiisMED_COADD_X COADD_X z-median image
out_objnod_bpmap.fits | MASK_COADD_X COADD_X’s mask cube

out_ao_performance.fits | AO_PERFORMANCE table with strehl information
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out_encircled_energy.fits| ENC_ENERGY table with encircled energy information
out_pst.fits MASTER_PSF z-median of COADD_X
out_std_star_spectrum.fitsSTD_STAR_SPECTRA table with extracted spectrum,

and efficiency information for COADD _
out_starspectrum.fits STD_STAR_SPECTRUM collapsed image spectrum COADD_X

Here X=PSF or STD or OBJ if in input are PSF or telluric standaor other science frames.

SINFONI trending PUPIL cantroid X-offsst SINFONI trending PUPIL centroid Y-offset
Last DFO date: 2006-11-21, last updat Last DFO date: 2006-11-21, last updat:

2006-08-01
2006-09-01 i
2006-10-0
2008-11-0
2008-11-07
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Figure 10.7.1: Telescope pupil centering quality contfal pupil image (median of reconstructed cube); (b)
trending plot of X centroid shift; (c) trending plot of Y ceotd shift.

10.7.2 Quality control

The values of QC.PUPILI.SHIFTX, QC.PUPILi.SHIFTY, indieathe position of the centroid of the pupil
image.

10.8 sinfo_utl_bp _mask add

This recipe performs bad pixel map coaddition.

10.8.1 Input

The input files are several (at least 2) bad pixel masks. Tagishould contain the string BP_MAP.

/path_file_cdb/BP_MAP_NL_K_100.fits BP_MAP_NL
/path file cdb/BP_MAP_NO K _100.fits BP_MAP_NO
/path file cdb/BP_MAP_HP_K 100.fits BP_MAP_HP
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10.8.2 Output

The output is an image resulting from the logical operatord@pBlied to all the masks.

10.8.3 Parameters

The recipe output filename for the product is bp_map_sum.fits

10.9 sinfo_utl_ima_arith

This recipe performs image computation.
10.9.1 Input
The input files are 2 images and their associated tags sheuldA.

/path file/imal.fits | MA
[path file/inma2.fits | VA

10.9.2 Output

The output is an image resulting from IMA op IMA where op iraties the operation to be performed. If a
numerical value is specified at command line this is sulachtd the first input image.

10.9.3 Parameters

parameter alias | default
sinfo_utl_ima_arith.op | op +
sinfo_utl_ima_arith.valug value | 9999.0

10.10 sinfo_utl_cube2ima

This recipe performs cube to image conversion.

10.10.1 Input

The input file is a cube. Its tag should be CUBE.

/path_filelcube.fits CUBE
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10.10.2 Output

The output is an image resulting from the average of the cuiee @ wavelength range which can be set by
parameters sinfoni.sinfo_utl_cube2ima.ws, sinfonicsintl_cube2ima.we having aliasess and 'we'. The

recipe output filename for the product is out_ima.fits

10.10.3 Parameters

parameter

alias | default

sinfo_utl_cube2ima.ws

sinfo_utl_cube2ima.we we

WS 0.9999
2.999

10.11 sinfo_utl_cube2spectrum

This recipe performs cube to 1D spectrum image conversion.

10.11.1 Input

The input files is a cube Its associated tag should be CUBE.

[path _filel/cube.fits CUBE

10.11.2 Output

The output is an image resulting from the cube manipulatedrding to the value of the parameter op. over an
aperture as specified by the parameter sinfoni.sinfo_uitle2spectrum.aperture having aliap’; " ap'.

The recipe output filename for the product is out_spec.fits

10.11.3 Parameters

Possible operations are: average, clean_mean, median,I&tira chosen operation is a clean mean one may
define its lower and upper threshold cuts by setting paramketerej andhi_rej. Possible apertures are: rect-
angle, circle. If the chosen aperture is a rectangle, itaeocoordinates can be set with the parameters lIx, lly,
urx, ury (lower left x,y and upper right x,y). Those paramst®llow the C-style convention: arrays start at 0
and end at size-1. If the chosen aperture is a circle, itdipnsind size can be set by the parameters centerx,

centery, radius.

parameter alias default \
sinfo_utl_cube2spectrum.op op average
sinfo_utl_cube2spectrum.ap ap rectangle
sinfo_utl_cube2spectrum.lix [Ix 2
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sinfo_utl_cube2spectrum.lly
sinfo_utl_cube2spectrum.urx
sinfo_utl_cube2spectrum.ury
sinfo_utl_cube2spectrum.lo_rej
sinfo_utl_cube2spectrum.hi_rej

sinfo_utl_cube2spectrum.centepxcenterx
sinfo_utl_cube2spectrum.centefycentery
sinfo_utl_cube2spectrum.radius radius

Ily
urx
ury
lo_rej
hi_rej

28
28
10
10
16
16

10.12 sinfo_utl_cube_arith

This recipe performs cube arithmetics. If a parameter vaigpecified it is assumed that the input frame is a
cube with tag CUBE. Else the input files are a cube and an imagespectrum; their associated tags should
be respectively CUBE, IMA or SPECTRUM. The output is a cubBQRCATG=CUBE) resulting from the
operation CUBE op IMA or CUBE op SPECTRUM or CUBE op value whep indicates the operation to be

performed.

10.12.1

/path_filelcube.fits CUBE
[path filel/spectrumfits SPECTRUM

or

/path _filelcube.fits CUBE
/path _filel/image.fits |MA

10.12.2 Output

The recipe output filename for the product is out_cube.fits

10.12.3 Parameters

parameter

alias | default

sinfo_utl_cube_arith.op
sinfo_utl_cube_arith.value

op /
value

99999.0
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10.13 sinfo_utl_cube_combine
10.13.1 Input

The user needs to provide in an input ASCII file the cube file emand their tags; then to set the recipe input
parametemame_ito the filename of another ASCII file specifying the correging x and y offsets. The
default recipe output filename for the cube product is outedits and can be set by the parameteme_o

The name of the corresponding mask is by default out_maskfitsoFor example if the following list indicates
the input cubes (for clarity we indicate also the values efdarresponding offsets, which do not need to appera
in the input set of frame)

OBS OBJ1.fits ©OBS OBJ 0.0 0.0
OBS_OBJ2.fits OBS OBJ 1.0 -1.0
OBS OBJ3.fits OBS OBJ 2.0 -2.0

One need to set the recipe parameitame_ito the filename of a file with the following content:

N = o
ooo
IIO
N
N
oo

The user should read sectioh$.1.17and11.1.18to understand how the size of the coadded cube is determined
and how to set proper offset values.

10.13.2 Parameters

parameter alias default
sinfo_utl_cube_combine.name_i| name_i | offset.list
sinfo_utl_cube_combine.name_g name_o | out_coadd_cube.fit
sinfo_utl_cube_combine.ks_clip | ks_clip FALSE
sinfo_utl_cube_combine.scale_skyscale_sky| FALSE
sinfo_utl_cube_combine.xsize xsize 80
sinfo_utl_cube_combine.ysize | ysize 80

U7

10.14 sinfo_utl_skycor

This recipe allow the user to remove possible residuals yfiaks in the object spectrum. The data redduction
performed is described in sectidd.1.20

10.14.1 Input

Input are an object cube (OBS_OBJ, OBS_STD, or OBS_PSF) akg @ube (OBS_SKY).
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10.14.2 Output

Ouput are a sky residual corrected object frame (OBS_OBX% (HD, or OBS_PSF) and a quality control
table (QC_SPECTRA) containing the following columns:

WAVE wavelength in A

INT_OBJ _ORG original object spectrum

SKY_INT_ORG original sky spectrum

BKG_INT_FIT fit of thermal background sky emission

SKY_INT_SMO smoothed sky spectrum

COR_FCT_VIB corrective factor to remove contribute frony $kes from vibrational transitions
COR_FCT_ALL corrective factor to remove contribute frony $ikes from vibrational and rotational transitions
INT_OBJ COR corrected object spectrum

INT_SKY_COR corrected sky spectrum

10.14.3 Parameters

parameter alias default
sinfoni.sinfo_utl_skycor.skycor-mask_ws skycor-mask_ws 1.4
sinfoni.sinfo_utl_skycor.skycor-mask_we skycor-mask_we 25
sinfoni.sinfo_utl_skycor.skycor-min_frac skycor-min_frac 0.8
sinfoni.sinfo_utl_skycor.skycor-sky _bkg_filter_widthskycor-sky bkg_filter_width 12
sinfoni.sinfo_utl_skycor.skycor-line_hw skycor-line_hw 4.0
sinfoni.sinfo_utl_skycor.skycor-scale_method skycor-scale_method 1
sinfoni.sinfo_utl_skycor.skycor-rot_cor skycor-rot_cor FALSE
sinfoni.sinfo_utl_skycor.skycor-fit_obj_noise skycor-fit_obj_noise FALSE
sinfoni.sinfo_utl_skycor.skycor-niter skycor-niter 10

10.15 sinfo_utl_skymap

This recipe, used to generate a special bad pixel map inpthteoSINFONI RTD is used to support Paranal
operations. It flags sky lines as bad pixels.

10.15.1 Input

Input are sky frames with tag SKY

[path_file_raw SI NFO 2004-08-14T08: 14: 52. 101. fits SKY

10.15.2 Output

The output image, a map of the sky lines, is called out_skyfitsp



Doc: VLT-MAN-ESO-19500-360(
ESO SINFONI Pipeline User Manual  |[Ssue: Issue 4.0

Date: Date 2007-05-1%

Page: 73 0f 106

10.15.3 Parameters

parameter alias | default
sinfo_rec_skymap.ysize| ysize | 30
sinfo_rec_skymap.xsize| xsize | 1
sinfo_rec_skymap.threshthresh| 30.0

We list here for different pre-optics and bands the suggeséeameter values:

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

10.16 sinfo_utl_spectrum_divide by blackbody

This recipe divides a spectrum by a Black Body spectrum adrgiemperature.

10.16.1 Input

The input file is a spectrum. Its associated tag should be SREM.

STD_STAR_SPECTRUM fits SPECTRUM

10.16.2 Output

The output is a spectrum resulting in the division of the inppectrum by a Black Body spectrum of given
temperature (parametdemp’).

The recipe output filename for the cube product is out_insa.fit

10.16.3 Parameters
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parameter alias | default

sinfo_utl_spectrum_arith.temptemp | 1e+05

10.17 sinfo_utl_spectrum_wavelength_shift

This recipe shift a spectrum in wavelength according toealfithe input parametemiethod'.

10.17.1 Input
The input file is a spectrum. Its associated tag should be SREM.
STD _STAR_SPECTRUM fits SPECTRUM

10.17.2 Output

The output is a spectrum resulting by a simple wavelengtt @@arameter shift”).

The recipe output filename for the cube product is out_insa.fit

10.17.3 Parameters

parameter alias default
sinfo_utl_spectrum_arith.methodmethod| S
sinfo_utl_spectrum_arith.shift | shift 0.1

The spectrum is shifted by shift to sub pixel accuracy redemmphe intensity of the pixels using either a spline
approximation fhethod=9 or a polynomial approximatiomgethod=P).
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11 Algorithms and recipe details

In this section we describe the main algorithms implemeiniagtie SINFONI pipeline recipes. Relevant data
reduction parameters are typediold face. For convenience we omit the common prsii¥oni. for the recipe
description as well as the step prefix name for the algoritiestdption.

11.1 Algorithms
11.1.1 Frame stacking

The input image frames are stacked to build a cube. Each plathe cube corresponds to an input image.

11.1.2 Average with rejection

In this document we use often the terminoladigan meanclean averageor average with rejectionWith those
terms we mean that it is computed a mean of a list of values bidieng outlier values like for example bad
pixels, and therefore, this operation yelds a better SNR éhsimple mean. In case the values to be averaged are
pixels intensities of several images stacked in a cube, t@nralong the z axis of the cube is computed at each
X,y pixel after having rejected the intensity values whiehdutside an interval¢w_rejection,high_rejection].

11.1.3 Detector non linearity computation

e Method 1

From the input set of raw flat frames, “off” and “on” frames &dracted and put in two sets. A pair of
“on” and “off” frames with same DIT is selected from each s&hen, for each frame pair;, the ratio
med_dit; is computed as:

median(frmen (1)) — median(frmqsr(i))
DIT(i)

med_dit; =
And the mean of allvV med_dit; values is computed as:

va med_dit;
N

mean =

A parabolic fit of the product oDI7'(i) x mean, as a function ofned_dit(i), is performed.
The non linear coefficient of the fit is the detector non liftggrarameter.

e Method 2

The input flat field frames with in/decreasing intensity a@cked in a cube and for each pixel position
the dependence of each plane pixel intensity with respettidavhole plane clean average intensity is
determined. This curve is fit with a polynomial of orderder. In the stacking process low and high
intensity pixels may be rejected by properly setting theapeaterdow_rejection andhigh_rejection. A
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clean mean of all polynomials is computed. The pixels whotnsity constantcoe fjy) or slope €oe f1)
coefficients exceed the mean thyesh_sigma_factortimes the standard deviation of the pixel intensity
are rejected. Pixels whose non quadratic coefficient exxoeewl _lin_threshold are rejected.

Thus a map of the pixels which do not have a linear sensitisigenerated, together with a table contain-
ing the polynomial coefficients: the non-linear terms gineeatimate of the detector non-linearity.

11.1.4 Nearest neighbours bad pixel cleaning

This method is applied in the recipes sinfo_rec_mflat anfibsiec_distortion to clean the bad pixels of a flat
frame. The algorithm is controlled by the parameteethod_indexandfactor, and, ifmethod_indexis 4, the
bad pixel cleaning is repeatégrations times.

(@) (b)

Figure 11.1.1: A bad pixel is indicated in black.nifethod_indexis 1,2 or 4 this is corrected by evaluating the
eight nearest neighbours pixel intensities (amdthod_indexis 3, the four closest pixels along the dispersion
direction are considered (b).

¢ If method_indexis 1, for each image pixel intensity;, the eight nearest neighbours pixels intensities,
I;, are considered and the corresponding mediaajian;, is computed excluding from this set those
pixels whose intensity is NAN.

median; = median(l;)...I; # NAN
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— If the parametefactor is set to zero:

I; = median;
— If the parametefactor is negative:

I {mediani if ||Z; — median;|| > — factor
! I; else

— If the parametefactor is positive:

j {mediani if ||I; — median;|| > factor x /median;
;=
I; else

o If method_indexis 2, the absolute distancdsst; of the eight nearest neighbours pixglare computed
for each bad pixel as:

) \/Z?:l(li — I;)? % w;
dist; = 3
j=1Wj

where

w:{o if I, = NAN
J 1 else

The median distance and its standard deviation are thenutehjas:

median_distance = median(dist;)

stdev = \/(Z dist?) — (Z dist;)?

— If the parametefactor is zero:

Ii = dZStZ
— If the parametefactor is negative:

I {disti if ||median_distance — dist;|| > — factor x stdev
! I; else

— if the parametefactor is positive:

I — {disti if |median_distance — dist;|| > factor x stdev+/dist;
;=
I; else
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e If method_indexis 3, the intensities of the four closest pixels in spectiggadion are considered and
their mean intensity is computed for each bad pixas:

\/Z?:l(Ii — I;) * wj
4

1 Wj

mean; =
j:
where
:{o if ;= NAN
J 1 else

— If the parametefactor is zero:

I; = mean;
— If the parametefactor is negative:

[ {meani if ||I; — mean;|| > — factor
! I; else

— If the parametefactor is positive:

I = {mecmi if ||I; — mean;|| > factor x \/mean;
I; else

e If method_indexis 4, the local cleanlgw_rejection, high_rejection) standard deviationlcan_stdev
in a box (Ix, lly, urx, ury ) is computed. Then the difference of the pixel and the medfahe nearest
neighbours is computed by using the eight closest pixelserfyeixel.

median; = median(l;)...I; # NAN,j =1...8

— if the parametefactor is zero:

I; = median;
— if the parametefactor is negative:

I {mediani if |I; — median;|| > — factor x clean_stdev
! I; else

— if the parametefactor is positive:

I - {medz’ani if |I; — median;|| > factor x /|median;||
! I else

The previous operations are repeated f@rétions) times to be able to consider small clusters of bad
pixels.
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11.1.5 Detector gain computation

The gain is computed as part of the recipe sinfo_rec_detlin.

Pairs of consecutive off-flats (be those frm_offl and frnfi2ofind pairs of consecutive on-flats (be those
frmen1 and frm,,s) are selected from the input data frames and their differéacomputeddi f_frme, =
frmona— frmept anddif_frmgrp = frmeppo— frmegs1). Thenthe mean of each framgmon1, frmona,
frmogri, frmorre ) and the standard deviation of the differene¢éev(dif _frm,y,) andstdev(dif_frmqyy)

are computed.

Finally the gain is given by:

(frmonl + frmonQ) - (frmoffl + frmofo)
(stdev(dif_frmen)? — stdev(dif_frmqps)?)

gain =

11.1.6 Read Out Noise computation

All possible consecutive pairs having the same DIT are etathfrom the input set of frames. For each pair
the second frame is subtracted from the first one. Then theensicomputed in a region defined by parameters
Xmin, Xmax, ymin, ymax, overnsamp samples each of sidesizetaken randomly in the given region. The
noise multiplied by’ N DIT, where NDIT the number of DIT repetitions, gives the readmnise.

11.1.7 Fixed Pattern Noise computation

The FPN is computed in the same way as the RON but it is apmliednaster dark/flat. The factefN DIT
does not apply.

11.1.8 Line position determination

The locations of the arc lamp lines are determined on an arp lBEame, input of the recipe sinfo_rec_wavecal
or sinfo_rec_distortion.

e For each detector column, an initial guess wavelength ig@sg to each detector row pixel by using
the pixel row value and the input initial guess value for tteting wavelength,legin_wave, the linear
and quadratic terms of the dispersioguéss_displand guess_dispR at the given instrument setting
(see Figurell.1.2(a)). Then the detector rows corresponding to each entrijefaference line list are
identified. Line positions and intensities given by the refee line table are assigned to those columns.
A delta-shaped spectrum is obtained in this way. This spatis convolved with a Gaussian profile of
givensigma (see Figurell.1.2(a)). A pixel shift is obtained by correlating this artifititne spectrum
with the arc lamp frame spectrum. The correlation takes &iwount only those lines whose intensity is
greater than a threshold set by parametér_diff. Thus one obtains approximate values (with accuracy
of the order of a pixel) for the position and the wavelengtsigrsed to each image position.

e To determine the dispersion relation (sek1.9 more accurately the recipe selects and uses only line
identifications whose distance from the nearest neightsgrdater thahalf_width pixels.
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e The recipe finally determines several lists of line postion

a line list of row indeces for the line positions;

a clean list of well separated line positions;

a list of wavelengths corresponding to the raw positions;

a list of wavelengths corresponding to the clean raw posstio

Those lists allow to associate each emission line in eaattrspe with an approximate pixel position and
the exact wavelength.

A0 10 A

=
M E’ NLIN-fit
12 i i ——
Gauss _
A2 12 10 : 7
I .
A3 13 Gaussian 1= . :__
13 :
; B B
5 delta tmin Al i I 28 1A ‘
5 > -~ N
= i ] i im
Ao Al ) A3 [ceneringbox ] e | Severingbox line
A1 catalog 3 2 catalog
T TTTTTTTTTTTTTTTI row 1 model row 2 model
i - = . ey A ~
1.5 polynomial model: h=AO+ d1*x+d2¥x"2 2.5 um —
(@) (b)

Figure 11.1.2: Wavelength calibration: (a) Using a polyimdrmodel and guess values for the instrument setting
central wavelength, the first and second order dispersiefficents, it is built a syntetic spectrum by associating

to each reference catalogue entry a delta profile with pre@selength and intensity and then by convolving

this with a Gaussian profile of proper FWHM; (b) With a non lnéit of a Gaussian to each detector line having
an intensity above a given threshold, the fit being limiteda of a given size in wavelength centered to each
line position previously determined, the position of edok Is refined.

11.1.9 Dispersion relation and wavelength map determinatin

e A Levenberg-Marquardt fit of a Gaussian profile of givierhm is performed considering the raw posi-
tions which lie in regions defined by boxes of half-sizalf width, each centered at the line positions
determined by the algorithm describedlih.1.8 The fit is restricted to the lines whose intensity is greater
thanmin_amplitude with respect to the background. This fit allows to determiaehdine position with
sub pixel accuracy (see Figuté.1.2(b)).

e Detector defects may lead to erroneous line detections. réeept these misidentifications the fit is
limited to lines which lie no more thapixel_tolerance pixels from the corresponding position, obtained
assuming a linear dispersiguess_dispInodel. Possible outliers are flagged by setting the linétipos
parameter of the fit to zero.
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For each image column, a polynomial fit of degreex_coefficientsand coefficientscoe f}, is performed,
so as to determine the dispersion relation between thel igévelength values(j) and the Gauss-fitted
positionsy_pos(j) for each image column using the singular value decompaositiethod.

n_a_coefficients

A(j) = > acoefy * y_pos(j)
k=0

Data points which lie beyonthax_residuals pixels from the corresponding fit value are rejected. In
the fit each data point is weighted by a factor proportionaht product of the guess dispersion value
guess_displand the error associated with each position point from tleeipus Gaussian fit.

Then the positions of the slitlet edges are determined.eDifsefficientsicoe f,, resulting from the poly-
nomial fit for adjacent columns are compared. When they diffemore tharpixel dist*guess_displ

it is assumed that this is due to the crossing of a slitletgeedHerepixel_dist indicates the minimal
distance in pixels between adjacent slitlets measuredjdal@wavelength direction. This provides a first
approximation of the slitlets’ edges.

A clean average of the coefficients is determined by rejgdtie extreme 10% low and high values and
performing a kappa-sigma clipping, where the constant &apget bysigma_factor.

Then a singular value decomposition fit of the polynomialfficients is performed across the spatial
extent of each slitlet using a polynomial of low degreeb_coefficientsand the smoothed polynomial
coefficientsacoe f; ,, are computed anew.

Finally a wavelength map is built by associating with eaclage pixel a wavelength corresponding to

the value resulting from the polynomial fit of degreea_coefficients The intensityl,,,,(z,y) at each
image pointz, y is given by

Imap(xa y) = )\(SC, y)

where:
n_a_coef ficients ‘
Az, y) = > acoefiz x (y —of f)’
1=0
and
ny—1
of f:( y2 )

whereny is the number of raws of the image.
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11.1.10 Line shift computation

The recipe searches for the five brightest lines in each aoloithe input arc lamp. The shift between each line
position on the frame and the one resulting from the polymbmtispersion relation of degree a_coefficients
obtained inl1.1.9is computed. Finally the overall wavelength calibratioroers computed as the clean average
of the shifts obtained after removing 10% of the outliers.effithe wavelength positioning error at different
wavelengths is computed in a similar way. This value is navad for quality control.

11.1.11 Dispersion relation adjustment

If a dispersion relation and a wavelength map are alreadjedl@ one may still want to adjust them to properly
match the given arc lamp frame.

The positions of the slitlets’ edges are initially deteredrby checking that the values of the zero order coeffi-
cientacoe f for adjacent image columns differ by more thguness_displx pixel_dist.

An artificial spectrum is generated by convolving each eofye reference line list with a Gaussian of position
and intensity as given by the reference line table and a si&gnal to(mag_factor — 1)2.

Bad and negative pixels are filtered out from the input imagk alow-pass filter of half widtlmag_factor is
applied. The resulting cleaned and smoothed image is cosdakith the artificial spectrum to compute their
shift, the maximum of the correlation value and the posiabmwhich this maximum is reached.

A new value of the zero order dispersion coefficiemtse f;) is determined. A clean mean is performed on the
dispersion coefficientgcoe f;, and new values for the clean dispersion coefficiemts: f, are determined with
a single value decomposition fit over each slitlet spatiahdio.

Finally a new wavelength map is generated using the clegedi®n coefficientacoe f;, as described at the
end of sectior11.1.9

11.1.12 Slitlet position computation

In order to be able to reconstruct the original observed enagf of the raw image the positions of the edges
of each slitlet must be determined accurately. The 32 witleust be stacked one on top of the other by using
accurate reference positions, otherwise the resultingy@raws would be shifted with respect to the others
yelding weird images.

To determine the slitlets positions an exposure of an arplemsed. The slitlets edges are clearly visible if
looking at a bright, stand-alone emission line (for exangde Figurer.2.1(d)). Such an emission line can be
used to determine the absolute positions of the left anditid edge of each slitlet using a non-linear least
square fit of an appropriate fitting function.

Two methods are possible to determine the slitlet positiofkey differs only for the choice of the fitting
function.

Initially the brightest lines are searched in the image ewiudomain corresponding to the first slitlet. From
this list the lines which have a bright neighbour withinbox pixels are filtered out. Then a first estimate of
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the slitlet edges is performed: a slitlet edge is reachedhwthe first (offset) dispersion coefficiente fy has a
variation greater thap_box. Those values are checked to remove misidentificationstgpshkie to bad pixels.

Then the image intensity values of the maxima reached in gélgt are determined by searching in rectangular
boxes centered at each slitlet positi@uge(j)each of size/_box along the spectral direction, and sizége(j)-
edge(j-1)+ 2 x box_lengthalong the spatial direction.

In case the user sets the parameteal-estimate_indvalue to TRUE the search of the image intensity maxima
is limited to the intervallp_poshi_pog along the spectral direction.

The minimum value of the maxima is determined to have areinitllue of the backround intensity at which a
slitlet edge detection should be triggered. The list of mmexis divided in two sets and on each data set a least
square fit is performed with an appropriate fitting function.

The Edge method uses in the non-linear fit a linear step fomdtiat means a linear function between two
positions with two constant backgrounds to the left and &oright of the slitlet positions. Free parameters of
the fit are the two positions of the left and right backgrouatligs. The mean of both fitted positions is used as
resulting left or right slitlet edge position.

The Boltzmann method uses as fitting function a sigmoidatZzBohnn function, which describes the transition
between two values:

A — Ay

=— < 1A
1—|—expx3§0 2

Y

whereA; is the left background valuels is the right background valuédy is the width of the transition region
andz is the center of the transition region (turning point of thedtion). Free parameters of the fit are both
the background values, the widilr and the center,y, which is then used as left or right slitlet edge position.

11.1.13 Slitlet distances computation

The slitlet distances are computed on a frame which is thdtres an average with rejection performed on
several (usually 75) fibre frames. Each frame has the firstnenlof a few slitlets illuminated by the light
coming from a fiber.

For each raw of the stacked frame the following operatioesparformed:

e The pixel positions whose intensity is greater than thneres the mean of the image are determined on
the stacked, distortion corrected, fibre frame. This geareréor each fibre of the input frame a set of
columns where the intensity is greater than the mean of tredr

e The intensity maximum of each column is accurately detegeohiny comparing image pixel intensities
in a spatial range of sizealf_width centered at each column position of the found set. Possitdagv
column detections, due to bad pixels, can be flagged by Wegifyrat the found position has a value which
differs from the one of the previous slitlet l®gtimated_distwith a tolerancedev_tol.

e A least square fit with a Gaussian function of FWHWMhm is performed to precisely locate the fibres
and thus determine the slitlet positions.
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In this way one determines for each image raw the slitletsitgms and can build their relative difference.
Making a mean of those relative distances along the spelitesdtion, excluding istances for which the relative
distance differs from thestimated_distanceby more thardev_tol, one finally finds 31 values of the relative
slitlet distances.

11.1.14 Optical distortions computation

The distortion function, which characterises the cunatof the spectral traces of the 32 slices, is calculated
from a series of continuous light fibre spectra taken withfitiee moved perpendicularly to the slices. For every

position of the fibre a raw FITS data file is recorded. With atiahdata reduction step the single fibre spectra

are co-added to an all-fibers synthetic frame and the offséedirst slitlet is calculated as a reference position.

The distortion is computed in three further steps (see EigLk.1.3:

e Detecting the fibres and tracing the curved fibre spectra.
e Constructing two numerical grids on the distorted and thdistorted fibre positions.

e Solving a 2D polynomial fit to transform positions from rawundistorted coordinates.

Finally, the recipe determines the position of the edgeb@ftitlets by fitting the edges of the brightest arc line
of each slitlet with a linear step function or a Boltzmanndtion.

11.1.15 Cube construction: resampling

The algorithm described below is executed by recipe sifo _jitter. Given a source image and a corresponding
wavelength calibration file, an image is produced in whignetnts in a given row are associated with a single
wavelength. In this way the wavelength shifts between @djpelements in the rows of the input image are
corrected. The output image in the wavelength domain isfatigan the input image. Due to the brick wall
pattern of the raw frames, some pixels in the first and lastrfems have undefined values that are flagged by
setting them to NAN (see Figurél.1.9

The distribution of these undefined values varies from columcolumn. The input image is resampled at
discrete wavelength intervals using a polynomial intesiioh of degree_coeffs Different values of the wave-
length sampling size and the central wavelength are useshfdr observed band. Thus, each row has a defined
wavelength for each observed band.

Since each frame row is now associated with a defined wavileegch row is used to construct an image
which has a defined wavelength. This is done by stacking 88tslon each other, of which each consists of 64
spatial pixels (called also spaxels). Due to the fact thastitlets length is not exactly 64 pixels and the distance
between slitlets is not exactly 64 pixels the edge positmfithe slitlets must be known to sub-pixel accuracy
(seell.1.13. Furthermore, the slitlets must be sorted in the correqueece (see Figuré.1.2 (bottom) or
Figure7.1.1(b)) to get the correct sequence of the rows in the final images

The centers of each slitlet on the resampled image are dietdrby averaging the edge positions of the slitlets
computed as described iri.1.12to get the center positions. Then the centers of the slidetthe raw image
are adjusted on the centers of the corresponding raws ofdbkesi data cube images. Since only integer pixels
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Figure 11.1.3: This image describes the concept of Figure 11.1.4: Cube reconstruction: raw data are
the distortion computation algorithm. The spectra resampled using a wavelength map to remove the
of the fibres are traced, two grids on the distorted brick-wall pattern. The slitlets are then stacked into
and undistorted space are built, then a 2D polyno- a cube taking slitlet distances and edge positions into
mial transformation is performed. This figure dis- account. Each plane of the cube is a monochromatic
plays only two of the 32 slitlets. image of the instrument FOV.

can be used a sub-pixel error is made at centering, whicbiisdtnd used to shift the rows in the reconstructed
images of the data cube to the correct sub-pixel positiomyesuser definable methool{jnod-fine_tune_mtd).

As the edges of the left-most or right-most slitlets may berear to or fall outside the image margins, then
the fitting of the edges may fail. Then the slitlets distardetermined as described 11.1.13must be used to
accurately align each slitlet in the final reconstructedgmplane.

11.1.16 Cube coaddition

Each cube component is vignetted chopping out from each plde left as many pixels as specified by
parametersllx, vily, vurx, vury (defaulted to 0, 0, 0, 0). As consequence of this the actuakc@oordinates
of each cube plane being coadded are:

llx =1+ vllx lly =1+ vlly urx = 64 —vurz ury = 64 — vury

If sky_scales== TRUE, before cube coaddition, the spatial median of eatle plane is subtracted from each
contributing cube plane to remove sky background residuadsibly not corrected in the previous data reduction
steps (e.g. during the frame stacking), for example dueyto/akations with time.

Each target object offset is determined by reading the HIRRAN ESO CUMOFFSETX/Y FITS keywords.
The exposure time corresponding to each target acquisisiorad from the FITS header. Then the recipe
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computes the minimum size of the cross section along theszedxa parallelepipedus which cover the full
observed field of view and determines the offsets to apphathheube component to properly merge them in
the coadded cube.

In this manual the 3D frame obtained after cube coadditiaiten called cube for simplicity.

Then each contributing cube plane is shifted to locate itsrpfoper position in the coadded cube. Each pixel
intensity of the coadded cube has an intensity given by thghed mean of the intensities of each corresponding
overlapping pixel from the contributing cubes, the weighitig given by the exposure time of each target frame.

If ks_clip == TRUE, in the cube coaddition step a kappa-sigma clippirthecontributing overlapping pixels
intensities is performed using a user defined valulkapipa.

11.1.17 Mosaic cube size determination

The size of the cube mosaic is determined as follows. Theeeciake reference to the values of the FITS
keywords SEQ.CUMOFFSETX/Y (later for brevity CUMX/Y), oo tthe values set by the user if the utility
sinfo_utl_cube_combine is used. The minimum and maximuoregaof CUMX/Y are determined. The mosaic
center position is determined as:

of fre = (of frmin + of fTmaz)/2

of fye = (of [Ymin + of fYmaz)/2
sizex = 2% floor(of fTmaz — Of fTmin + 0.5) + 64
sizey = 2 x floor(of fymaz — Of fYmin + 0.5) + 64

11.1.18 Cubes alignment

To properly align and coadd object cubes observed withdiffetelescope pointings the recipe make reference
to the values of the FITS keywords CUMX/Y, or to the valuedsghe user if the utility sinfo_utl_cube_combine
is used. The recipe uses as reference the CUMX/Y values difrth@bject cube of the list. Then are computed
the relative differences:

difr; = cumx, ey — cuma;
difyi = cumyref — cumy;
Then to each cubes is assigned the following offset:

+2xdifxr; if mjd_obs> 53825 (1st April, 2006)
of fe; =< —2xdifx; if 53421.58210082 < mjd_obs< 53825

—2xdifx; else

12« dify; if 53421.58210082< mjd_oks53825

+2xdify; if mjd_obs> 53825 (1st April, 2006)
of fyi =
—2xdify; else

The utility sinfo_utl_cube_combine uses user defined tffealowing the same conventions. This means that
assuminfg the coordinate values in the FITS header are meaat@nly of a small quantity, the user may apply
the corresponding correction by applying the correct cleainghe values set in the FITS header.
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11.1.19 Estimation of the sky from object frames in case thenput set is missing sky frames

Since it is possible that there is no time for the acquisitdbrsky frames when executing a science OB, it is
necessary to provide a proper algorithm capable of progidigood estimate of the sky.

The SINFONI pipeline supports three methods, each corretipg to different values of the parameggr method.
If aj_method is 0 no sky is estimated and thus no sky is subtracte@,j_kihethod is 1, then for each object
observation the algorithm uses the object exposure wittchbsest MID-OBS as an approximation of a sky
exposure. Ifaj_methodis 2 the sky is given by a median of all the contributing olgect

Provided that the target object positions in the acquirathfrs are separated by at least three times the FWHM
of the object, the data reduction scheme implemented fordkeaj _method=1 should provide an accurate sky
estimation. If this is not the case the user mayagemethodto 2 or try to subtract the sky before data reduction
and then reduce the sky-subtracted data as science olgewdgrchoosing aj _method=0.

If aj_methodis 1 each contributing cube (and the coadded cube) will stegions with negative intensity.

If aj_methodis 1,ks_clip == TRUE, and each contributing frame fills most of the FOV @aample because
the chosen camera scale is 25 mas) the user may have to useafkhppa greater than the default, which
is set to 2, to prevent that some object point is clipped, Wisimuld result possibly in local spikes in the object
spectrum.

11.1.20 Sky residual correction

More details on the algorithm to remove residual OH emis&iom near infrared spectra may be found in [19].

In this release the pipeline can correct for improper skytrawdtion; in older releases this caused residuals in
on-off sky-subtracted frames. The sky emission is removewh the object observation by subtracting the sky
frame from the object frame. This assumes that the two framage a stable spectral format. However, it has
been found that in on-off, object-sky sequences the ingnirsetting can occasionally have instabilities up to
a significant fraction of a pixel. The residual sky featunessémbling a P-Cygni profile) can be significantly
reduced by using an improved data reduction procedure alesélin collaboration with Richard Davies from
MPE (Figurell.1.5 right panel and.1.1.6.

Near infrared airglow emission originates in OH radicalsickhare created by reactions between ozone and
hydrogen high in the atmosphere. Removing the emissiors hneich result from the subsequent radiative
cascade is a crucial part of processing near infrared (k#hpspectra.

This problem is relevant as it has been proven that the stsif@H lines, which lie in the H band, have fluxes
of the order of 400 phs'm—2arcsec?. This constrasts stronghly with the background continuueasarable
between lines of only 590 ph$ m—2arcsec?um~!. This means that even at a moderate spectral resolution
R ~ 3000, like the one of SINFONI, the background level on an Qt¢ ican be more than three orders of
magnitude higher than that between them.

Due to temporal changes in the absolute flux in OH sky linessxe times are usually limited to 2-3 minutes.
This sets a lower limit to the statistical photon noise. Adiidnal source of problems is the peculiar change of
absolute flux in OH lines. Finally the effects of instrumeritaxures, which are typical of instrument rotation
in a Cassegrain or Nasmyth telescope configuration, mayteeReCygni type residuals.
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While long-slit spectrographs, using a slit length muchglenthan the object of interest may allow to prevent
such problems after performing an appropriate fit of thedwesli sky background, in integral field spectrographs
like SINFONI, the tipically very limited FOV, impose conaints on the observations and to devise appropriate
data reduction techniques.

We describe here an algorithm, first proposed by Richardd€dii9], and implemented in the SINFONI pipeline
with a few modifications, introduced for robustness purgose

In a nutshell the algorithm allows one to find a scaling astionaf wavelength that can be applied to a spectrum
from a sky cube in order to match it optimally to the sky backgrd in an object cube. This scaling function

is then applied separately to the spectrum at each wavélgrugition of the sky cube, creating a modified sky
cube. This modified cube is then subtracted from the objdwt.cu

The scaling function may be found by taking into account thatmain contributes to the OH lines is coming
from vibrational and rotational transitions, with the fikshd contributing the most. Transitions between vi-
brational bands lie within well defined wavelength limitsdait is only small the amount of overlap between
different vibrational transitions. Thus, to a first appm&tion one may divide the spectrum into sections corre-
sponding to specific vibrational transitions and treat ¢hesparately.

The sky residual correction alghorithm follows the followisteps:

e The wavelength ranges to which correspond the differentatitmal and rotational transitions which
originate the OH emission lines are defined. The full wavgllemange over which to perform the opera-
tions involved in the sky lines residual correction can biengel setting parameteskycor-mask _wsand
skycor-mask_we

e The noise associated to the object frame is calculated.

— It is determined the histogram of the object intensity value
— The histogram distribution is selected to the region ne#hnbyhistogram’s peak.

— The histogram distribution center and its width are fourlng ¢enter is initially the abscissa value at
which the distribution reach its maximum. The width is hdlflee distance between the center and
the abscissa at which the histogram has a minimum. if thexpebexrskycor-fit_obj_noiseis set to
TRUE those values are refined with a Gaussian fit.

e Object intensities more than two times the object’s noiseratthe background are flagged.

— From the object cube and from the flagged object cube areatettgoints having wavelenghts
values within the merged range corresponding to the OH tidral transitions previosly defined.

— For each cube’s spectra at a given point Xx,y, are computeduhser of object pixels with finite
values and the number of flagged pixels and their ratio. Ifrilmaber of object pixels with finite
values is greater than half of the spectral pixels, the gpant X,y is considered a good one and the
corresponding pixel in a ratio image is set equal to the vafule ratio previously computed.

— If the number of good pixels is less than one it is issued ar.err
e Sky pixels are identified, flagged, and selected as good sigtspivhen they make up at least a given

fraction (this can be defined by the user modifying the valu® parameteskycor-min_frac which is
set by default to (80%) of the spectrum.
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— Itis computed the ratio of good image pixels divided by thtaltaoumber of the image pixels.
— If this ratio is less than a given threshold raskycor-min_frac (80%) a new selection of object

good pixels is performed to increase this number to the hiwlesratio.

e The average object and sky spectra are calculated. For éaoh jn the cube (both object and sky) an
average is computed by excluding pixels which are more thegetsigmas abothe the median. This
defines the object and sky intensity.

e The thermal contribution to the sky background is estimated subtracted from the sky spectrum. To
improve accuracy, as the sky spectrum contains many emigsgs, we first smooth this spectrum with
a running box and then fit a Boltzmann function (see Eify1.5 left panel).

Initially the sky spectrum is smoothed on a window of sigkeycor-sky bkg_filter_width).

— Then the smoothed spectrum is fit by a Boltzmann temperaistebdtion:

1 1
ANT) = —
fa’c( b ) )\5637]9( C

xrm) 1
wherec = 14387.7, X is the wavelength imm and7' is the temperature in K. Are calculated the
minimum and maximum values of this distributiofyc,,.;,, and facnqz .

For robustness are selected sky spectrum points with iitgegrsiter than -2. This selection is done
to prevent contributes from negative region of the sky sp@tt possibly occurring in the case the
sky frame is approximated by the closest object frame in theervation sequence, as in the case
in which no sky frame is observed in the same template (or gdrskne is provided in the set of
frames). Then are furtherly selected sky points whose sittgrs different from the median buy less
than ten sigmas.

A Levenberg-Marquardt fit of the Boltzmann distribution:
B =ag*aj * fac(\,T)

is performed to this selected sky spectrum. The fit is repkesitgcor-niter times to get three-digit
accurate values of the Boltzmann temperature and the g¢usstpanda; .

If the fit fails (this may happen sometimes in case of a verystgitspectrum), a simple uniform fit
of the sky spectrum is performed.

— Finally the fitted thermal background is subtracted fromgkye spectrum.

e To properly compute the shift between object and sky onlyelengths corresponding to vibrational or
rotational transitions are considered. This removes tfexzefrom improper spectrum features.

e The pixel shift between the sky and the object spectra is cbatpby cross correlating the two spectra
and the sky spectrum and the sky cube are correspondindtedhi

— Itis computed the mean of the sky spectrum intensity. If teamis negative the spectrum is flipped.
— Too low sky intensities are flagged.
— Line picks are identified.
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SINFONI pipeline sky residuals: fit thermal background SINFONI pipeline sKy residuals:
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Before correction
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Figure 11.1.5: The fit of a sky spectrum is shown on the lefteharThe sky background (black) is first
smoothed (green) and then fit by a Boltzmann function (red. tl& right panel we compare un-corrected
(black) and corrected (red) sky subtracted object spe&mational transitions affect the spectrum quality by
only 1-5%. Not only can one see 1-0S(1) at 2.12 um andaB2.17um, but now the H2 1-0Q(1) and 1-0Q(3)
emission lines are clearly seen longward of 2M, and several CO band-heads are also visible at 2.342.4

— A Gaussian fit centered at each line pick is performed to cdenthe line wavelength position of
the object and the sky lines, the line object and sky intgrasid its associated error. Only lines of
width greater tharskycor-line_hware considered.

— A kappa sigma clipping of the differences of the line posii@s determined in the object and in the
sky spectrum is performed.

— A uniform function is fit to the resisual line position diffances.
e The sky spectrum and the sky cube are correspondingly dhifte
e The scaling factor that is applied to the sky emission lime®rder to remove them from the object
spectrum is computed.

The object and sky sub-spectra are extracted over a wavbleaigge corresponding to each vibrational
transition. For each wavelength range:

— Are used only pixels where the spectrum is finite.
— Sky lines are identified. Line and continuum regions arerdasggled.

— If the line and continuum regions contain enough pointssk®tor-line_hw) it is computed the
line ratio between object and sky line spectra. Two methadspassible: amoeba fiskycor-
scale_method=Por maximum likelihood ¢kycor-scale_method=)L After a first line ratio compu-
tation it is performed a kappa sigma clipping of spectruniierst, and eventually the fit is repeated.

In this way it is computed a wavelength dependent scalintpfadn first approximation, this factor is
derived from the line contributions only due to vibratiomi@nsitions.
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If the parameteskycor-rot_cor is set to TRUE, then the recipe computes a scaling factordbasehe
contribution of the rotational transitions. Later the tvaatiors are combined and the shifted sky spectrum
is accordingly rescaled and subtracted from the objecttapac to obtain an object spectrum cleaned of
sky lines (see Figll1.1.5 right panel).

e The shifted and scaled sky cube is finally subtracted fromothject cube. The resulting cube is thus
corrected for the sky residuals (see Fld..1.6 right panels).

Figure 11.1.6: Comparison between un-corrected (left) emdected (right) object cubes. On the top are
displayed the cube plane corresponding to 2.AB1for a case in which no sky frame is present in input. On
the bottom are displayed the cube plane corresponding ficb 1. for a case in which a sky frame is present.
Images on the left have the same intensity scale of imagéeinght.

11.1.21 Efficiency computation

The estimation of the efficiency, i.e. the throughput of the@sphere+telescope+instrument, is described in
this section.
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1. The flux on the detector is converted to units of ergs/$/8nfor a star with @* magnitude. The quanta
are photons.

e The following operations are applied to the wavelengtlibcated, extracted spectra. The signal is
integrated over an area of five FWHM of the input source PSRsoiie that all the light is included.

e This spectrum is rescaled by

(a) dividing by the DIT,

(b) dividing by the surface area, A, of M1 in ém

(c) multiplying by the Gain (2.42),

(d) multiplying this by the flux ratio of the observed star an@th magnitude star, i.e. fﬁg
(e) dividing by the dispersion (A per pixel),

(f) multiplying by the energy of the photor).

This corresponds to multiplying the spectrum by the follogvfactor:

gain X 1055 hc

DIT x A x Dispersion . By

where the following numerical values for the physical canst are used:
h = 6.62618e-34 Js (Planck constant)

¢ =2.998e8 m/s (Speed of Light)
k =1.3807e-23 J/K (Boltzmann constant)
2. The recipe computes the theoretical spectrum@f anagnitude star in units of ergs/s/fA.
The following method is inaccurate for spectral types thatreot AOV.
e The ratio between the flux from a blackbody at wavelengtnd the flux from the blackbody with
T=10,000 K at wavelength.. is computed.

e This curve is scaled so that the value at the central fly,isvere fj is for a Oth magnitude star in
J, H, K and "HK":

band| \. (um) | fo (ergs/sicm/A)
J 1.225 3.11e-10

H 1.675 1.15e-10

K 2.175 4.10e-11

HK 1.950 8e-11

A more accurate method is described in the following and s¢ede implemented.

e The spectral type of the star is determined looking into alogtie.
e From this information is obtained the star energy distiitut

e This curve is scaled so that the value at the central fly.is

3. The result of step 1 is divided by the one from step 2. Thikesefficiency.
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11.1.22 Strehl computation

The central maximum in units of the total flux of a PSF is a measiithe image quality and AO performance.
The Strehl ratio is the observed ratio in units of theordijcaossible (diffraction limited) ratio. It is a number
usually between- 0.01 (seeing limited) and 0.6-0.8 depending on the perfoomand the ambient conditions.

As the SINFONI possible FOV are either too narrow or too |dayemost of the calibration stars used to measure

the instrument Strehl, it has been defined a special temiplatdich the same PSF standard is obseerved first
in the 0.025 mas scale, to accurately determine the objegénPoint Spread Function maximum, and the with

the 0.100 mas scale to determine the star flux and sky badkdrewels.

Normally the Strehl is determined as ratio:

Iaz/ flux
PSFmam/fluxPSF

Strehl =

Wherel,, .. is the maximum intensity of the object (sky background sadigd), andfluax the corresponding
flux, while PSF,,,.. is the maximum intensity of a corresponding theoretical B&Fesponding to a telescope
with the same diameters for the primary and secondary nsiraira given wavelength and in a given wavelength
range, at a given pixel scale, with a given size.

This formula is applied in case the Strehl is determined dngles pixel scale image (obtained either observing
a standard star or using a calibration fibre).

If more than a standard star is observed, using two diffque scales and exposure times, a different formula
should be applied:

Ilmax/fluxQ ]?_2 22

trehl =
Stre PSFmam/flu:L‘pSF pl” t1

The termiy,,,q. IS computed by performing a Gaussian 2D fit to the object gitgmistribution.

11.1.23 Encircled energy computation

The encircled energy is the signal integrated in a given eesd¢ered on the position where the object reaches
its maximum. For this computation it is critical to estiméte flux of the background.

11.1.24 Spectrum extraction

The standard star spectrum is extracted by summing thetdigml in each plane of the cube. The residual sky
background contribution is given by the constant term of aGdnssian fit of the image obtained by averaging
the cube along z, in a range fa#ctor times the mean FWHM (FWHM=0.5*(FWHM_X+FWHM_Y)) of the
observed standard star.
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11.1.25 Standard star position detection

The recipe determines the position of the maximum in the enalgtained by collapsing the cube along the
z-axis. Then the STD star object (which is assumed to be tlyeobiject in the FOV) is more accurately located
using a centroid algorithm assuming a 2D Gaussian shapexpytion for the object PSF, which also allows
to estimate the STD star FWHM along the X and Y directions.

11.2 Recipes
11.2.1 Detector linearity and non-linear bad pixel map detamination: sinfo_rec_detlin

The sinfo_rec_distortion recipe computes the detectorlimearity coefficient as described ihl.1.3(using
methods 1 and 2). The detector gain is also computed as lbeddri11.1.5 In this way several pieces of
information are generated: a table with information on dietenon-linearity (obtained with method 1), a table
with information on the gain, a cube with the coefficients gbaynomial fit to each pixel intensity which
provides pixel-by-pixel information on the detector namekrity, a bad pixel map with non-linear pixels (the
last two products are obtained as described using methodi@sasibed in1.1.3.

11.2.2 Master dark and bad pixel map determination: sinfo_ec_mdark

A set of input raw dark frames is stacked in a cube. An averatierejection (parametetsp_noise.low_rejection
and bp_noise.high_rejection, yelds ameanand a standard deviatiostdev Pixels which deviate from the
meanmore than a user defined factalafk.threshold_sigma_factol) times thestdevare flagged as bad pixels.
This results in a bad (hot) pixel map which flags pixels withightdark current.

A set of input raw dark frames is sorted according to DIT thesayating corresponding groups. Then an
average with rejection (controlled by parametdesk.low_rejection anddark.high_rejection) is computed
within each group of frames. This results in a master danké&dor each DIT.

On each possible pair of consecutive raw frames the readioise is determined in a region defined by
the parameterdark.qc_ron_xmin, dark.qc_ron_xmax, dark.qc_ron_ymin, dark.qc_ron_ymax, and using
dark.qc_ron_nsamp random samples each of sidark.qc_ron_hsizeas described i11.1.6 On the mas-
ter dark the fixed pattern noise is determined in two regiogfndd by the parametedark.qc_fpn_xmin,
dark.qc_fpn_xmax, dark.qc_fpn_ymin, dark.qc_fpn_ymax usingdark.fpn_ron_nsamp random samples
each of sizedark.fpn_ron_hsize as described in1.1.7

11.2.3 Master flat and threshold pixels (bad pixel map) detenination: sinfo_rec_mflat

e The input flat field frames are stacked. An average with rigjadfparameteréamp_flats.low_rejection
andlamp_flats.high_rejection) is computed to remove dynamic bad pixels (either cosmis atran-
sient bad pixels). The mean lamp-off frame is subtracteoh ftke mean lamp-on frame.

e If lamp_flats.bad_ind==TRUE the intensity tilt of each column is removed (the fitloé pixel intensity
is subtracted from the pixel intensity) considering in thjgeration only pixels whose intensity differs
from the linear fit value by no more thdamp_flats.sigma_factortimes the sigma of the pixel intensity.
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e To find the strong intensity deviations of bad pixels a thod$lvalue must be found. For this reason, on
a rectangular region defined by parametarap_flats.lIx, lamp_flats.lly, lamp_flats.urx,

lamp_flats.ury, the recipe computes@dean_mearof the intensity kamp_flats.bad_low_rejectionand
lamp_flats.bad_high_rejectior) and its clean standard deviatioclean_stdeyto have an estimate of the
noise variations in the flat field). The threshold value i®giby the produatlean_stdetlamp_flats.factor.

If lamp_flats.thresh_index=TRUE the image corrected for the intensity tilt is furtfiétered, indicating

as bad pixels the ones which lie outside the intensity raclgaf_meadamp_flats.mean_factorclean_stdej
Else no filter is applied. This results in a reference image.médian filter with a radius equal to
clean_stdetlamp_flats.factor is applied forlamp_flats.iterations iterations to remove small clusters
of bad pixels. Finally pixels which have different valueg @romoted to bad pixels by comparing the
median filtered image with the reference image.

A master flat field is determined. lamp_flats.interpol_ind==TRUE, using the input bad pixel mask,
and the slitlets position information, bad pixels are ipt#ated over a given radidamp_flats.max_rad

Then the intensity is normalised to that of the central pixel

For QC purposes the fixed pattern noise is monitored on thatireg master flat field over two rectangular
regions defined by parametdasnp_flats.qc_fpn_xminl, lamp_flats.qc_fpn_xmax1
lamp_flats.qc_fpn_yminl, lamp_flats.qc_fpn_ymax1 andlamp_flats.qc_fpn_xmin2
lamp_flats.qc_fpn_xmax2lamp_flats.qc_fpn_ymin2 lamp_flats.qc_fpn_ymax2, and the recipe com-
putes the number of pixels which lie outside a given ramgm_flats.qc_thresh_minand
lamp_flats.qc_thresh_max.

A bad pixel mask is then determined on the master flat field lpygftey all pixels which deviate too much
from a threshold.

The input flat field frames (in our case only the master flat) sieeked. An average with rejection
(parameterdp_norm.low_rejection andbp_norm.high_rejection) is computed. Pixels whose intensity
lie outside the rangebp_norm.min_cut, bp_norm.max_cuf are flagged as bad.

Then the intensity tilt of each column is removed (the fit @& gixel intensity is subtracted from the pixel
intensity) considering in this operation only pixels whasensity differs from the linear fit value by no
more tharbp_norm.sigma_factortimes the sigma of the pixel intensity.

The standard deviation and the mean within a defilbgd Gorm.lIx, bp_norm.lly, bp_norm.urx,
bp_norm.ury) rectangular zone is determined in a way that the extremdbpwvnorm.low_cut) and the
extreme highlfp_norm.high_cut) values are chopped off.

A bad pixel map of all the pixels which deviate from a certdireshold level is determined on the master
flat field. The input frames are stacked in a cube and an averilgeejection pp_norm.low_rejection,
bp_norm.high_rejection) is taken to remove cosmics. The pixels which lie outsidengenisity range set
by parameterbp_norm.min_cut andbp_norm.low_cutare removed from the resulting median image.

If bp_norm.threshold_index==TRUE, pixels deviating more thab _norm.mean_factor*bp_norm.sigmg
from the clean mean are declared bad. Then a further pixahirlg is performed involving a pixel's near-
est neighbours using one of several methods defined by pomdig values of the parameter
bp_norm.method_indexand depending on the valuestgd_norm.factor and possibljop_norm.iterations,
as described i11.1.4
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e Then the resulting image is compared with the input imagénigathe column intensity tilt removed and
each changed pixel is indicated as bad. Finally, from thial fimage, a bad pixel mask is produced in
which each good pixel is marked with 1 and each bad pixel with O

11.2.4 Optical distortion and slitlet distances determingéon: sinfo_rec_distortions

e Normal flat frames are combined to determine a master flat &ad @ixel map. To perform this operation
some parameters have peculiar default valbgs:dist.factor=999.Q
bp_dist.mean_factor=999.0 These values have been chosen to ensure robustness.

e A set of fibre lamp-on frames are stacked (4de2.5recipe for more details) with different rejection
thresholds to determine a fake fibres-on and a fake fibregasfie. Since the distortion coefficients are
not yet known, no distortion correction is applied (intdip#he recipe assumesacked.warpfix_ind==
FALSE). The fake fibres-off frame is subtracted from the féikees-on frame.

e Undistorted arc lamp frames are used to determine a wavttleadjbration solution.

e The distortion map is computed on the fake fibres-on - fibfé&@me. This step involves the following
operations.

— The stacked fibres-on - fibres-off and ThAr frames are mudtipby the bad pixel map.

— On the ThAr corrected frame the arc lamp line positions aterd@ned (parameters
distortion.begin_wave distortion.guess_displdistortion.guess_disp2
distortion.min_diff_col_tilt_int , distortion.half_width, distortion.sigma) as described id1.1.8

— A wavelength calibration is performed (the result dependsh® following parametersdistor-
tion.guess_displdistortion.half_width , distortion.min_amplitude, distortion.max_residual, dis-
tortion.fwhm , distortion.n_a_coefficients distortion.n_b_coefficients distortion.sigma_factor,
distortion.pixel_dist, distortion.pixel_tol) as described i11.1.9

— A possible line shift is computed as describedlinl.10 This result depends also ormtistor-
tion.n_a_coefficients

— The slitlet positions are computed as a functiordistortion.box_length, distortion.y box, dis-
tortion.diff_tol as described in1.1.12

— The slitlet distances are computed with a north-south teskeacribed irL1.1.13 In this operation
relevant user definable parametersrmoeth_south_test.n_slits distortion.ns_half width, distor-
tion.ns_fwhm, distortion.min_diff , distortion.dev_tol, distortion.lo_pos, distortion.hi_pos).

— Those are averaged to get the position of the first slitlet.
— Finally the distortions are determined (assuming as offsetposition found for the first slitlet) as
described inl1.1.14
¢ Finally the fake fibres-on - fibres-off frame is corrected distortions and the slitlet distances are deter-
mined again with a north south test on the frame correctedi&tortions.
The north south test involves the following operations:

— The input frames are stacked in a cube and an average wittiogjes computed
(parametersiorth_south_test.low_rejection north_south_test.high_rejectior).
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— If north_south_test.gauss_ind== TRUE the resulting image is convolved with a Gaussian of
FWHM north_south_test.kernel_half width

— If north_south_test.mask_ind== TRUE the resulting image is multiplied by the input badgiéx
map. This image is saved as a product.

— Then the slitlet distances are computed and saved as a tadulagb. The result depends on the
following user definable parametersorth_south_test.half_width, north_south_test.fwhm,
north_south_test.min_diff, north_south_test.dev_tol

— Each of the 32 continuum slit spectra at the same spatiai@oss fit by a Gaussian along the spatial
direction. This determines for each detector’'s raw the tpmsiof each slitlet. Those are averaged
along the row. Then the distance of the left edge of eaclesfitbm a reference one is computed
and thus 31 relative distances are found.

11.2.5 Wavelength solution determination: sinfo_rec_waacal

Frame stacking This macro step is common to several recipes: sinfo_retortin, sinfo_rec_wavecal,
sinfo_rec_jitter.

e The input arc lamp frames (which can be “on” or “off” frames, dark calibrations, or objects or sky
frames) are stacked.

e The “off” (or sky) frame is subtracted from the “on” (or objgdrame.
o If stacked.flat_index==TRUE the result is flat-fielded using the input master flddfie
e Static bad pixels are indicatestécked.mask_ind=] or not (stacked.mask_ind=(. If stacked.mask_ind=1

— If stacked.ind_indexis FALSE bad pixels are interpolated over a given range defrye
stacked.mask_radand using the information on the slitlet edge positions aiod in the SLIT_POS
frame.

— If stacked.ind_indexis TRUE bad pixels are indicated by multiplying the frame bg bad pixel
map.

o If stacked.warpfix_ind==TRUE the distortion is corrected using a given kers¢h¢ked.warpfix_kerne).

e Finally some quality control is performed on the resultingcked frame by monitoring the number of
saturated pixelsstacked.qc_thresh_makand the maximum flux.

Wavelength calibration This macro data reduction step determines the dispersiatiore and the slitlet
position table. If an input slitlet position table is not peat one can determine it from scratch by setting
the parametewavecal.slitpos_bootstrap_switchto TRUE. For the sake of robustness, it is suggested to use
wavecal.slitpos_bootstrap_switch== FALSE and provide an input slitlets positions table, feample the
corresponding one (band, preoptics) provided in the caiitan data available with this release, and then let the
recipe refine it. Reference slitlet position tables are jged together with the SINFONI pipeline.

e The input arc lamp-on and lamp-off frames are loaded.
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e If wavecal.calib_indicator== TRUE andwavecal.wave_map_ind== TRUE the input arc lamp refer-
ence line list is loaded.

e If one needs to do the wavelength calibratisrayecal.calib_indicator== TRUE andvavecal.wave_map_ind
== FALSE), the recipe finds the emission lines present in eacttamp spectrum as describedlih.1.8

e Then the dispersion relation is determined as describéd .ih.9

e The overall line shift between the solution found from theaftdescribed ii1.1.10and the position of
the lines in the frame is monitored for quality control.

e Then the recipe logs additional QC parameters: the numbeuaf] lines, the number of saturated pixels,
the flux maximum of the frame difference “on” - “off".

e The wavelength map is saved. This is an image in which ea&h ishassociated with a wavelength value
in microns.

¢ If wavecal.write_coeff_ind==TRUE the polynomial fit coefficients are saved in a FITSeabl

e If wavecal.write_par_ind==TRUE the Gaussian fit parameters are saved in a table. Timbatuof
detected lines, the median and the average FWHM are moaitoreguality control.

o If a wavelength map is availablevGvecal.wave_map_ind=TRUE) and a dispersion relation does not
need to be foundwavecal.calib_ind==0) one may want to correct what is already available to mtte
actual arc lamp frame, by creating a shifted dispersiorticgla Then the overall line shift between the
solution found from the fit and the position of the lines in fr@me is computed.

e Finally if wavecal.calib_indicato==TRUE andwavecal.estimate_indicator=TRUE the slitlet posi-
tions are fit using a parameter list input FITS table. Thdeslfiosition determination may follow either
the Boltzmann or the estimate methods as describéd.ih.12

11.2.6 Science observations: sinfo_rec_jitter

e The input frames are selected defining obj-sky pairs. In eage/ frame is missing in the set of frames a
sky frame is estimated as described.in1.19 Each pair is stacked.

e Each stacked frame is resampled using the information fiwrirtput calibration image (WAVE_MAP)
doing a polynomial interpolation witbbjnod.n_coeffsparameters to generate an output 3D frame as
described in11.1.15 This operation determines the dispersion, the minimura,taximum and the
central wavelength as well as the central pixel of the outplibrated image.

e If objnod.north_south_ind == FALSE, a 3D frame is reconstructed from each stacked fraynesing
the information contained in the slitlet position table SLPOS.

e The 3D frame is refined using different methodbjod.fine_tuning_method. Possible values are P
(polynomial of orderobjnod.order), S (Spline). The 3D frame is stretched in Y to make it appsaa a
parallepipedus with a square cross-section. We usuallytgala “3D cube”.
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e If objnod-sky coris TRUE and if the recipe parameteroduct-density is set to 2 sky line residuals are
corrected as described 1r1.1.20 We suggest to use this setting only after having verifietiattzerwhise
the object spectrum contains sky line residuals. A moreqguetiized correction of sky line residuals
would follow the following steps: reduce the data withoutreoting for residuals and settiqgroduct-
density to 2. Then correct each corresponding obj-sky pair witiffo_utl_skycor and proper parameter
setting. Finally useinfo_utl cubes_combindo reconstruct a cube mosaic.

o If objnod.jitter_index==TRUE, finally all the cubes corresponding to the differebfect jittered po-
sitions are merged into a big data cube by averaging the ajvedgions weighted by integration times
and using a given kernel typbjnod.kernel_typeas described id1.1.16possibly scaling the sky back-
ground (ifobjnod.scale_sky== TRUE) and doing a kappa sigma clipping ¢ibjnod.kappa_sigma==
TRUE) of intensity outliers.

11.2.7 STD star data reduction: sinfo_rec_jitter

The initial data reduction is the same as the one of a nornethse frame (sinfo_rec_jitter). Then:

e The position of the source maximum, its centroid and FWHM, determined from the average im-
age of the coadded cube. Those parameters are used to dotdipatet the optimal extraction pa-
rameters in a square region whose size depends on the awdrdge FWHM in the X and Y direc-
tions and a user definable scale paramstdr star.factor, eventually reduced in case the star position
falls outside the actual z-cross section plane. The outpin the form of an image and a table. |f
std_star.conversion_index=TRUE a conversion magnitude to counts/seconds is peedrm

e The instrument efficiency is determined as describetilii.21

e The extracted star spectrum and the efficiency are savedhine t

11.2.8 PSF data reduction: sinfo_rec_jitter

The initial data reduction is the same as the one of a normiahse frame. Then the main PSF standard
parameters, the instrument strehl and the encircled ersmgetermined as describedlih.1.22and11.1.23

11.2.9 PUPIL data reduction: sinfo_rec_pupil

The initial data reduction is the same as the one of a norn@hse frame. Then the X and Y centroid of the
cube’s median image are determined.
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A Installation

This chapter gives generic instructions on how to obtaiidband install the SINFONI pipeline. Even if this
chapter is kept as up-to-date as much as possible, it mayeroliy applicable to a particular release. This might
especially happen for patch releases. One is thereforsedit® read the installation instructions delivered with
the SINFONI pipeline distribution kit. These release-sfi@dnstructions can be found in the fil&READMVE
located in the top-level directory of the unpacked SINFOMNefine source tree. The supported platforms are
listed in SectiorA.1. It is recommended reading through SecthR.2 before starting the installation.

A bundled version of the SINFONI pipeline with all the reaqdrtools and an installer script is available from
www. eso. or g/ pi pel i nes, for users who are not familiar with the installation of sodire packages.

A.1 Supported platforms

The utilisation of the GNU build tools should allow to builddinstall the SINFONI pipeline on a variety of
UNIX platforms, but it has only been verified on the VLT targéatforms:

e Linux (glibc 2.1 or later),
e Sun Solaris 2.8 or later (the pipeline was tested only withHex),

e Mac,

using the GNU C compiler (version 3.2 or newer). Gasganostalled by the install_pipeline script and is
supported provided the user has a proper installation of#va Development Kit (version 1.5.0) and has set
the JAVA_HOME environment variable properly during the ikistallation. It is not sufficient to have the Java
Realtime Environment to have successfully installed thgdsganocpl.* libraries needed to properly interface
Gasgano with the installed sinfoni recipes. We recommeeadifier to look carefully at the log produced during
installation and possible warnings.

A.2 Building the SINFONI pipeline

This section shows how to obtain, build and install the SINF@ipeline from the official source distribution.

A.2.1 Requirements
To compile and install the SINFONI pipeline one needs:

e the GNU C compiler (version 3.2 or later),
e the GNU gzi p data compression program,
e aversion of thet ar file-archiving program, and,

e the GNU nmake utility.
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An installation of the Common Pipeline library (CPL) muss@be available on the system. Currently the CPL
version 3.1or newer is required. The CPL distribution cammbiined fromww. eso. or g/ cpl .

Please note that CPL itself depends on an existing dfitslletsda. The gfits sources are available from the
CPL download page or directly from the gfits homepagemaw. eso. or g/ proj ects/aot/gfits. In
conjunction with CPL 3.1 gfits 6.2.0 must be used.

In order to run the SINFONI pipeline recipes a front-end &ation is also required. Currently there are
two such applications available, a command-line tool dallesoRex and the Java based data file organizer,
Gasgang which provides an intuitive graphical user interface (Ssxtion5.2 pagel9). At least one of
them must be installed. Th&soRex and Gasgano packages are available atww. eso. or g/ cpl and
WWW. €s0. or g/ gasgano respectively.

Forinstallation instructions of any of the additional pagks mentioned before please refer to the documentation
of these packages.

A.2.2 Compiling and installing the SINFONI pipeline

The SINFONI pipeline distribution kit 1.0 contains:

sinfoni-manual-pdf The SINFONI pipeline manual
install_pipeline Install script

gfits-6.2.0.tar.gz QFITS 6.2.0

cpl-3.1.tar.gz CPL3.1

esorex-3.6.1.tar.gz esorex 3.6.1
gasgano-2.2.7-SlL.tar.gz GASGANO 2.2.7 for Linux
sinfoni-1.7.1.tar.gz SINFONI1.7.1
sinfoni-calib-1.7.1.tar.gz SINFONI calibration files 117

Here is a description of the installation procedure:

1. Change directory to where you want to retrieve the SINF@ipgline recipes 1.7.1package. It can be any
directory of your choice but not:

$HOVE/ gasgano
$HOVE/ . esor ex

2. Download from the ESO ftp servemw. eso. or g/ pi pel i nes, the latest release of the SINFONI
pipeline distribution.

3. Verify the checksum value of the tar file with the cksum ccemich

4. Unpack using the following command:
tar -xvf sinfo-kit-1.7.1.tar

Note that the size of the installed software (includdgsgand together with the static calibration data is
about 27Mb.


http://www.eso.org/cpl
http://www.eso.org/projects/aot/qfits
http://www.eso.org/cpl
http://www.eso.org/gasgano
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5. Install: after moving to the top installation directory,
cd sinfo-kit-1.7.1

it is possible to perform a simple installation using theilade installer scriptiiecommendéd
Jinstall_pipeline

(beware: the execution may take a few minutes on Linux andraéminutes on SunOS).

By default the script will install the SINFONI recipe§asgano EsoRexall the necessary libraries, and
the static calibration tables, into a directory tree rocaedsHOVE. A different path may be specified as
soon as the script is run.

The only exception to all this is theGasgano tool, that will always be installed under the directory
$HOVE/ gasgano. Note that the installer will move an existinggHOME/ gasgano directory to
$HOVE/ gasgano. ol d before the newGasganoversion is installed.

Important: the installation script would ensure that anigtixg Gasgano and EsoRexsetup would be
inherited into the newly installed configuration files (aliog in this way any conflict with other installed
instrument pipelines).

Alternatively, it is possible to perform a manual instabat (experienced users onlythe READVE file located
in the top installation directory contains more detailefibimation about a step-by-step installation.
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B Abbreviations and acronyms

ANSI American National Standards Institute

ASCII American Standard Code for Information Interchange
CalibDB Calibration Database

CPL Common Pipeline Library

DFO Data Flow Operations department

DFS Data Flow System department

DMD Data Management and Operations Division
DRS Data Reduction System

ESO European Southern Observatory

ESOREX ESO-Recipe Execution tool

FITS Flexible Image Transport System

FOV Field Of View

FPN Fixed Patter Noise

GUI Graphical User Interface

OB Observation Block

PSO Paranal Science Operations

QC Quiality Control

RON Read Out Noise

SINFONI Spectrograph for INtegral Field Observations ie Near Infrared
SOF Set Of Frames

SPIFFI SPectrograph for Infrared Faint Field Imaging
uT Unit Telescope

VLT Very Large Telescope
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