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1 Introduction

1.1 Purpose

The FLAMES-UVES pipeline is a subsystem of HeT Data Flow SystentDFS). 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 akgoiak tool for Paranal Science Operatior®S0O).
Additionally, the FLAMES-UVES pipeline recipes are madebliei to the user community, to allow a more
personalised processing of the data from the instrumeng. ptinpose of this document is to describe a typical
FLAMES-UVES data reduction sequence with the FLAMES-UVESfine.

This manual is a complete description of the data reductaeipes implemented by the CPL based FLAMES-
UVES pipeline, reflecting the status of the FLAMES-UVES (lipe as of Apr 21, 2008 (version 4.2.2). Release
4.2.2 supports the reduction of UVES frames obtained whetUMES slit is fed by the fiber link to FLAMES.

1.2 Acknowledgements

The FLAMES-UVES pipeline has been initially developed as l®AS package by Andrea Modigliani, as a
wrapper of the FLAMES-UVES Data Reduction Software devetbpy Giacomo Mulas, Ignazio Porceddu
and Francesco Damiani of the Ital-FLAMES consortium. Theaniform implementation across pipelines the
pipeline has been ported to CPL by Andrea Modigliani and Savialler Larsen. Jonas implemented the low
level CPL wrappers to the MIDAS environment C interface fimts, converted the uves_cal prep_sff ofpos
and uves_cal_wavecal recipes, part of the reduction cleaiipeé and wrote scripts to automatically test the
recipes and run regression tests to the MIDAS recipes. Anex¢éended the master flat, single fibre order trace
and physical model recipes to support frames used in the RIBE&de, and fully ported the science recipe and
completed the reduction chain recipe, added the supportled output to the uves_cal_prep_sff_ofpos recipe
and completed the testing of the whole package.

1.3 Scope

This document describes the CPL based FLAMES-UVES pipeigesl at ESO-Garching 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]. Qualbntrol information are at [3].

Additional information on QFITS, the Common Pipeline LitydCPL) and EsoRex can be found respectively
at [4], [5], [6]. The Gasgano front end is described in [7]. ésdription of the instrument is in [8,9,10]. The
FLAMES-UVES instrument user manual is in [10]. The FLAMES/BES calibration plan is in [11]. while
results of Science Verifications (SV) are at [12]. Additibimdormation on the DFS and VLT data interfaces
are in [13,14] and [15]. A clear and compact description ef/fLAMES-UVES pipeline is in [16].
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1.4 Reference documents
[1] UVES Pipeline Users’ Manual VLT-MAN-ESO-19500-2965
www.eso.org/pipelines
[2]  Current pipeline status
www.eso.org/observing/dfo/quality/pipeline-status.h tml
[3] ESO-Data Flow Operation home page www.eso.org/observing/dfo/quality/
[4] QFITS home page www.eso.org/projects/aot/fits/
[5] CPL home page www.eso.org/cpl
[6] EsoRex home page www.eso.org/cpl/esorex.html
[7] Gasgano User's Manual VLT-PRO-ES0O-19000-1932
[8] UVES home page www.eso.org/instruments/flames
[9] Installation and commissioning of FLAMES,
the VLT Multifibre Facility The Messengef, 10, 1, 2002.
[10] VLT Paranal Science Operations
FLAMES User Manual VLT-MAN-ESO-13700-2994
www.eso.org/instruments/flames/doc
[12] FLAMES SV home page
www.eso.org/sci/activities/vitsv/flamessv
[13] VLT Data Flow System Specifications for Pipeline
and Quality Control VLT-SPE-ESO-19600-1233
[14] DFS Pipeline & Quality Control — User Manual VLT-MAN-ESO-3@0-1619
[15] ESO DICB - Data Interface Control Document GEN-SPE-ESC3060794
[16] FLAMES-UVES Data Reduction Software VLT-TRE-ITA-13750a2
Design and Architecture Report
www.eso.org/org/dmd/DF S-related-papers.html
[17] Automatic data reduction in support of the FLAMES-UVES Vlacility
Proceedings of the SPIE, Volume 4844, pp. 310-320 (2002).
www.eso.org/org/dmd/DF S-related-papers.html
[18] UVES User Manual VLT-MAN-ESO-13200-1825
www.eso.org/instruments/uves/doc
[19] The FLAMES-UVES Pipeline The ESO Messenger, 118, 8.


http://www.eso.org/pipelines
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http://www.eso.org/cpl
http://www.eso.org/cpl/esorex.html
http://www.eso.org/instruments/flames
http:http://www.eso.org/instruments/flames/doc
http://www.eso.org/sci/activities/vltsv/flamessv
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2 Overview

In collaboration with instrument consortia, the Pipelinstems Department (PSD) of the Software Develop-
ment Division is implementing data reduction pipelines fioe 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 dispersiortisnok).

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 processingutesedhat can be called from the command line, from
the automatic data management tools available on ParafrahoiGasgano.

ESO offers two front-end applications for launching pipelrecipes,Gasgand14] and EsoRexboth included

in the pipeline distribution (see Appendlx, page78). These applications can also be downloaded separately
from www.eso.org/gasgano and www.eso.org/cpl/esorex.html . An illustrated introduction to
Gasgano is provided in Secti&n

The FLAMES facility and the different types of FLAMES-UVES8w frames and auxilliary data are described
in Sections4, 7, and8.

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

An overview of the data reduction, the input data, and thgescinvolved in the calibration cascade is provided
in section9.

More details on inputs, products, quality control measuyeantities, and controlling parameters of each recipe
is given in sectiorlO.

More detailed descriptions of the data reduction algorgthused by the individual pipeline recipes can be found
in Sectionl1l

In AppendixA the installation of the FLAMES-UVES pipeline recipes is clésed, in Appendixd the full list
of changes is given, and in Appendixa 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 What's new in pipeline release 4.2.2

The following major changes has been realised on the FLAMK/ES pipeline:

e The pipeline has been ported to CPL.

For a more detailed list of changes see Apperilix



- Doc: VLT-MAN-ESO-19500-3016
ESO FLAMES-UVES Pipeline User Manuaksue: Issue 5.4
- Draft not for release Date: Date 2008-04-02

Page: 13 0f 86

4 FLAMES Instrument Description

FLAMES is the multi-object, intermediate and high resauatispectrograph of the VLT. Mounted at UT2,
FLAMES can access targets over a field of view 25 arcmin in di@am FLAMES feeds two different spectro-
graph covering the whole visual spectral range: GIRAFFE@W&S. GIRAFFE allows the observation of up
to 130 targets at the time or to do integral field spectroscuojithh intermediate resolution (either R 25000 or
R 10000). UVES provides the maximum possible resolutiond(R¥90) but can access only up to 8 objects at
the time. The instrument has been made available to the cotyrand started operations in Paranal on April
15t, 2000.

In this chapter a brief description of the FLAMES-UVES fibimkl and the UVES instrument is given. A more
complete documentation can be found in the FLAMES and UVES Wanuals [10,18].

Figure 4.0.1: A photo of FLAMES mounted at the Nasmyth A footiKuyen (VLT-UT2).

4.1 Instrument overview
FLAMES is the multi-object, intermediate and high resalatispectrograph of the VLT. Mounted at the Nas-
myth A platform of UT2, FLAMES can access targets over a lageected field of view (25 arcmin diameter).

It consists of three main components:

e A Fibre Positioner (OzPoz) hosting two plates: while ondepla observing the other positions the fibres
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for the subsequent observations, therefore limiting tredldane between one observation and the next to
less than 15 minutes, including the telescope preset aratthgsition of the next field.

e A medium-high resolution optical spectrograph, GIRAFFHEhwhree types of feeding fibre systems :
MEDUSA, IFU, ARGUS.

e Alink to the UVES spectrograph (Red Arm) via 8 single fibred afrcsec entrance aperture.

Special observing software (FLAMES OS) coordinates theaifmn of the different subsystems, also allowing
simultaneous acquisition of UVES and GIRAFFE observatisits the observing modes listed in Table below.
For combined observations, the exposure times for UVES dRAGFE do not need to be the same. Note that it
is not possible to observe simultaneously in two GIRAFFE esar to observe the same target simultaneously
with the two spectrographs.

UVES is the high resolution spectrograph at UT2 of the VLTe(Section 6.4). It was designed to work in long
slit mode but it has been possible to add a fibre mode (6 to &fibepending on setup and/or mode) fed by the
FLAMES positioner to its Red Arm only. Only the three stalBtlVES Red setups are offered, with central
wavelength of 520, 580 and 860 nm respectively (see the némudetails). The standard readout mode of
FLAMES-UVES is 225 kHz (unbinned) which ensures low readmise. As of P76 a high-speed readout mode
(625 kHz, unbinned, low gain) with increased readout noigddss overheads is offered in visitor mode only.
No pipeline support is available in this mode. With an apertn the sky of 1 arcsec, the fibres project onto 5
UVES pixels giving a resolving power of 47000. For faint aiifeand depending on the spectral region, one or
more fibres can be devoted to recording the sky contributioaddition, for the 580 nm setup only, a separate
calibration fibre is available to acquire simultaneous Thalibration spectra. This allows very accurate radial
velocity determinations. In this configuration, 7 fibres eemavailable for targets on sky.

Spectrograph Mode N. of Objects Aperture (arcsecs) Resolving powen Spectral Band [nm]
UVES Red arm| 8 1.0 47000 200
UVES Red arm| 7+1(calibration)| 1.0 47000 200
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Figure 4.1.1: A photo of the OzPoz fibre positioner. While plete is observing, the other one is positioning
the fibres for the subsequent observations.
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5 Quick start

This section describes the most immediate usage of the FLAJMKES pipeline recipes.

5.1 FLAMES-UVES pipeline recipes

The current FLAMES-UVES pipeline is based on a set of 7 st@pnde recipes (and uses 2 recipes from the
UVES pipeline to combine biases and darks) involved in tha deduction cascade:

uves_cal_mbiasreates a master bias frame.
uves_cal_mdarkcreates a master dark frame.

flames_cal_predictimplements the UVES physical model (and apply a shift to cetiee offset between the
calibration fibre and the order centre).

flames_cal_orderpogiefines the calibration fibre order positions.
flames_cal_mkmastercreates master slit flat field frames.

flames_cal_prep_sff ofpogprocess master slit flats and odd-even-all fibre flats to deber the order table
tracing all fibres and additional frames needed to extracstiience data.

flames_cal_wavecaperforms the wavelength calibration.

flames_obs_scirededuces a science frame.

Alternatively, to run the full data reduction chain, a uset willing to check results step-by-step may use the
flames_obs_redchainecipe.

5.2 Anintroduction to Gasgano and EsoRex

Before being able to call pipeline recipes on a set of datagd#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") angésiic to each type of calibration.

The process of data classification and association is knevdag organisation.

An instrument pipeline consists of a set of data processinglules that can be called from different host
applications, either from the command line wilsoRex from the automatic data management tools available
at Paranal, or from the graphic&@asganotool.
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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 usingEsoRexfrom 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 UVES pipeline recipes and their usagis advisable to begin witlbasgano because
it provides a complete graphic interface for data browsat@ssification and association, and offers several other
utilities such as easy access to recipes documentationrafetned data display tools.

Gasganocan be started from the system prompt in the following way:
gasgano $HOME/gasgano/config/lUVES.prefs &

where we have passed as first optional argument explicityUWES preference file which defines proper
defaults for UVES data reduction. The user may like to redliee gasgano command to the previous command.
The Gasganomain window will appear. On Figurg.2.1(next page), a view on a set of UVES data is shown
as an example.Gasgano can be pointed to the directories where the data to be hamaéetbcated using the
navigation panels accessible via theld/Remove Filegntry 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
and the values of the following FITS keywords (we omit thefigrel ERARCH.ESO):

Keyword name Purpose
CLASSIFICATION | Data classification
OBS.TARG.NAME | Observation Block target name

EXPTIME Exposure time

DATE Observing date
DET.CHIPS # of chips in detector array
INS.MODE Instrument mode used

INS.GRAT1.NAME | Instrument grating name (for blue arm)
INS.GRAT1.WLEN | Instrument setting central wavelength (for blue arm)
INS.SLIT2.WID Instrument slit width (for blue arm)
INS.GRAT2.NAME | Instrument grating name (for red arm)
INS.GRAT2.WLEN | Instrument setting central wavelength (for red arm)
INS.SLIT3.WID Instrument slit width (for red arm)
DET.READ.SPEED Readout speed

DET.WIN1.BINX Binning factor along X
DET.WIN1.BINY Binning factor along Y
INS.OBSPLATE Observation plate

OCS.SIMCAL Simultaneous calibration
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The CLASSIFICATION field provides either the value of the PRATG, for pipeline products; or a user de-
fined file classification, if provided, defined in the classifion rule file, which can be accessed by Gasgano
from the Tools —> Classification rules... tab; or the defaaltie “UNDEFINED”. File classification rules are
selection rules which assign to a FITS file a classificatiedan the value of a few FITS keywords, usually the
DPR.TYPE, DPR.TECH, DPR.CATG values, which respectiveijre the file data type, acquisition technique
and category, and from the keyword values of INS.GRATI.WLBET.CHIPS, INS.SLITi.NAME. Additional
relevant keywords are DET.WIN1.BINX/Y, INS.MODE, INS.GRANAME, INS.OBSPLATE, OCS.SIMCAL.
Those relevant keywords are indicated by Gasgano eithéeifile section, or by selecting each file, in the sec-
tion which shows the FITS file header content. Alternativitly user can access those FITS keyword values
from the command line with the command

dfits file.fits | grep FITS.KEY.NAME

More information about a single frame can be obtained bykitlig on its name: the corresponding FITS file
header will be displayed on the bottom panel, where speafjevkrds can be opportunely filtered and searched.
Images and tables may be easily displayed using the viewesfied in the appropriaté’referencesfields.
Such a field allows also to set the file filter, which should ptarnthe $SHOME/gasgano/config/UVES.rul. This
rule file provides simple filtering rules to select UVES dataresponding to a given standard data reduction
setting.

Frames can be selected from the main window for being predelsg the appropriate recipe: on Figlre.2

the standard star frame, previously produced master bidsraster flat frames, together with a line and an
order tables, a table with the reference standard starrspantl one with the atmospheric dispersion are all
selected and sent to theves_cal_responseecipe. This will open aGasganorecipe execution window (see
Figure5.2.3, having all the specified files listed in iteput Framespanel.

Help about the recipe is available from thdelp menu. Before launching the recipe, its configuration may be
opportunely modified on théarameterspanel (on top). The window contents might be saved for lagerhy
selecting theSave Current Settingentry from the File menu, as shown in figure.

At this point the recipe can be launched by pressingHxecutebutton. Messages from the running recipe will
appear on theLog Messagepanel at bottom, and in case of successful completion thadupte will be listed
on the Output Framespanel, where they can be easily viewed and located back c@dkgano main window.
To produce useful plots the user need to set to 'gnuplot igiethe plotter recipe parameter value (and have
a valid installation of gnuplot package, and the gnuplot m@nd available in the PATH). Please refer to the
Gasgano User’s Manudl’] for a more complete description of th@asganointerface.
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Figure 5.2.1.The Gasgano main window.
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Figure 5.2.2:Selecting files to be processed by a UVES pipeline recipe.
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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. lindae used in data reduction scripts for the
automation of processing tasks. Unlike when usi@gsgano the user must classify and associate the data
using the information contained in the FITS header keywdsée Sectior?, page35). The user should also
take care of defining the input set-of-frames and the apjatgpconfiguration parameters for each recipe run:

The set-of-frames: Each pipeline recipe is run on a set of input FITS data files.elViaising EsoRex the
filenames must be listed together with their DO catedoiy an ASCII file, the set-of-frames(SOF),
that is required when launching a recigeDO categories for the supported FLAMES-UVES input raw
frames are indicated in sectian8.

/path_raw/UVES.2004-08-14T10:20:56.497 fits FIB_ARC_ LAMP_RED
/path_pro/ordertable_redl.fits FIB_ORDEF_TABLE_REDL
/path_pro/lineguess_redl.fits FIB_LIN_ GUE_REDL
/path_pro/ordertable_redu.fits FIB_ORDEF_TABLE_REDU
/path_pro/lineguess_redu.fits FIB_LIN GUE_REDU
/path_pro/thargood_ 3.fits LINE_REFER_TABLE

It contains for each input frame the full path file name andDi3 category. The pipeline recipe will
access the listed files when required by the reduction atguori

Note that the FLAMES-UVES pipeline recipes do not verify ityavay the correctness of the classifica-
tion tags specified by the user in the SOF. In the above exatmgleecipeflames_cal_wavecalill treat

the frame/path_raw/UVES.2004-08-14T10:20:56.497 .fits asanFIB_ARC LAMP_RED,
the frame /path_pro/ordertable_redl.fits as a FIB_ORDEF_TABLE_REDL, etc., even
when they do not contain this type of data. The recipe wilbassume that all frames are associated
correctly, i.e., that they all come from the same arm, dichroic and bin gpttin

The reason of this lack of control is that the FLAMES-UVESipes are just the DRS component of the
complete pipeline running on Paranal, where the task of dassification and association is carried out
by separate applications. Moreover, usi@pasgano as an interface to the pipeline recipes will always
ensure a correct classification of all the data frames, asgjghe appropriate DO category to each one
of them (see Sectioh.2.1, pagel?). Also this lack of control allows the user to reduce e.g. emlamp
frame pretending it is a science frame.

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, pradgcesults that may look reasonable, but are
actually flawed.

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 &3oUn the command:

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
2The set-of-frames corresponds to theut Framespanel of the Gasganorecipe execution window (see Figuse2.3 page21).
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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 deiboip, can be obtained using the command:
esorex - -recipes
EsoRex searches for recipes in the directory specified bgytien
esorex - -recipe-dir=installation_directory
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: To each pipeline recipe may be assighedEsoRexconfiguration file, containing the
default values of the parameters related to that retipbe configuration files are normally generated in
the directory SHOME/.esorex , and have the same name as the recipe to which they are rekdted

the filename extensionrc . For instance, the recipélames_cal _wavecahas its EsoRex generated
configuration file namedlames_cal_wavecal.rc , and is generated with the command:

esorex - -create-config flames_cal_wavecal
The definition of one parameter of a recipe may look like this:

# --tolerance

# Tolerance of fit. If positive, 'tolerance’ is in pixel unit s. If negative,
# abs(tolerance’) is in wavelength units. Lines with resid uals worse than
# the tolerance are excluded from the final fit. Unlike in pre vious versions,
# this parameter is not corrected for CCD binning.

flames_cal wavecal.calibrate.tolerance=0.6

In this example, the parameteflames_cal wavecal.calibrate.tolerance is set to the
value 0.6 . In the configuration file generated biEsoRex one or more comment lines are added
containing information about the possible values of theypeater, and an alias that could be used as a
command line option.

The command

esorex - -create-config recipe_name

generates a default configuration fiexipe _name.rcin the directory$SHOME/.esorex'.

A recipe configuration file different from the default one danspecified on the command line:
esorex - -recipe-config=my_alternative_recipe_config

3The EsoRexrecipe configuration file corresponds to tRarameterspanel of theGasganorecipe execution window (see Figure
5.2.3 page2l).
“4If a number of recipe parameters are specified on the comniaadhe given values will be used in the created configundile.
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Recipe parameters are provided in sectifrand 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 undeSHOME/.esorex , 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 giving its name t&soRex together with the name of a set-of-
frames. For instance, the following command line would bedu® run the recipeflames_cal wavecal
for processing the files specified in the set-of-franflesnes_cal_wavecal.sof

esorex flames_cal_wavecal flames_cal_wavecal.sof

The recipe parameters can be modified either by editing ttiréee used configuration file, or by specify-
ing new parameter values on the command line using the cohfivenoptions defined for this purpose.
Such command line options should be inserted after the gecgme and before the SOF name, and
they will supersede the system defaults and/or the configardile settings. For instance, to set the
flames_cal_wavecatecipe tolerance parameter t00.07 , the following should be typed:

esorex flames_cal_wavecal - -tolerance=0.07 flames_calveeal.sof

Every recipe provides a parametédebugwhich — when enabled — causes intermediate results to bd save
to the local directory. This allows more detailed inspettid the recipe processing

esorex flames_cal_wavecal --debug flames_cal_wavecal.sof

Basic plotting functionality can be enabled on systems Wwhive the gnuplot tool:
esorex flames_cal_wavecal - -plotter="gnuplot -persist’ imses_cal_wavecal.sof
For more advanced visualisation a dedicated FITS viewauldhze used.

For more information onEsoRex see www.eso.org/cpl/esorex.html

5.3 Example of data reduction using EsoRex

Here we provide an example of data reduction for data obdaivith the FLAMES-UVES.

The simplest and least interactive way to reduce the data ¢setlate a SOF (set-of-frames) file from all raw
calibrations, master calibrations and raw science frames:

/path_raw/uves_bias_red1.fits BIAS_RED
/path_raw/uves_bias_red?2.fits BIAS _RED
/path_raw/uves_bias_red3.fits BIAS_RED
/path_raw/uves_bias_red4.fits BIAS _RED
/path_raw/uves_bias_red5.fits BIAS_RED

/path_raw/uves_dark_red1.fits DARK_RED
/path_raw/uves_dark_red2.fits DARK_RED
/path_raw/uves_dark_red3.fits DARK_RED

/path_raw/uves_flat_setl redl.fits  SFLAT_RED
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/path_raw/uves_flat_setl red2.fits = SFLAT_RED
/path_raw/uves_flat_setl red3.fits SFLAT_RED
/path_raw/uves_flat_set2 redl.fits = SFLAT_RED
/path_raw/uves_flat_set2 red2.fits  SFLAT_RED
/path_raw/uves_flat_set2 red3.fits  SFLAT_RED
/path_raw/uves_flat_set3 redl.fits SFLAT_RED
/path_raw/uves_flat_set3 red2.fits  SFLAT_RED
/path_raw/uves_flat_set3 red3.fits SFLAT_RED

/path_raw/flames_uves_odd_red.fits FIB_FF_ODD_RED
/path_raw/flames_uves_even_red.fits FIB_FF_EVEN_RED
/path_raw/flames_uves_all_red.fits FIB_FF_ALL_RED

/path_raw/flames_uves_arc_form_red.fits FIB_ARC_FORM _RED
/path_raw/flames_uves_order_flat_red.fits FIB_ORDER_ FLAT_RED
/path_raw/flames_uves_arc_lamp_red.fits FIB_ARC_LAMP _RED

/path_raw/flames_uves_science_red.fits FIB_SCI_RED

/path_raw/flames_uves_science_red.fits FIB_SCI_SIM_R ED
/path_raw/flames_uves_science_red.fits FIB_SCI_ COM_R ED
/path_ref/thargood_3.fits LINE_REFER_TABLE
Ipath_ref/flxstd.fits FLUX_STD_TABLE
/path_ref/atmoexan.fits EXTCOEFF_TABLE

Then run

esorex flames_obs_redchain flames_obs_redchain.sof
which will execute the necessary recipes and create thdineparoducts listed in following section.

In this example five raw bias frames are provided; therefbeeuves cal_mbias recipe will be executed in
order to produce the master bias frame. For the same reasomvéds_cal_mdark and flames_cal_mflat will

be executed. If the user already has a good master frameginiaas, master dark or master slit flat), may be
convenient to use it in place of the corresponding raw fraraed therefore the corresponding master creation
recipe (uves_cal_mbias, uves_cal_mdark, flames_cal )mfilhnhot be executed.

In the following a typical step-by-step data reduction gaare is described. Figure5.3.1gives an overview.

We suggest the user to group the data according to deteatpdarhroic and detector binning settingath_ref
indicates the full path to the source tree directory comginmeference ancillary datdpath_pro indicates
the full path to the source tree directory containing pradiata.

Formatcheck: these frames are characterized by DPR. TPEAP,FMTCHK’,

5The procedure usingsasganois conceptually identical.
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Figure 5.3.1The FLAMES-UVES calibration cascade.

/path_raw/flames_uves_arc_lamp_form_blue.fits FIB_AR C_LAMP_FORM_RED

Single fibre order tracing flat field frames: these frames hagacterized by DPR.TYPE='LAMP,ORDERDEF,SimCal’

/path_raw/flames_uves_order_flat_blue.fits FIB_ORDER _FLAT_RED
/path_raw/ordertable_redl.fits FIB_ORD_GUE_REDL
/path_raw/order_def_redl.fits FIB_ORDEF_REDL
/path_raw/ordertable_redu.fits FIB_ORD_GUE_REDU
/path_raw/order_def_redu.fits FIB_ORDEF_REDU

Arc lamp frames to compute the wavelength calibration: éhfeames have DPR.TYPE respectively equal to
'LAMP,WAVE,OzPoz'.

/path_raw/flames_uves_arc_lamp_red.fits FIB_ARC_LAMP _RED
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Bias frames: these frames are characterized by DPR.TYPESB

/path_raw/uves_bias_redl.fits BIAS_RED
/path_raw/uves_bias_red2.fits BIAS_RED
/path_raw/uves_bias_red3.fits BIAS_RED
/path_raw/uves_bias_red4.fits BIAS_RED
/path_raw/uves_bias_red5.fits BIAS_RED

Flat field lamp frames: these frames are characterized by. DPRE="LAMP,SFLAT’

/path_raw/uves_flat_setl redl.fits SFLAT _RED
/path_raw/uves_flat_setl red2.fits SFLAT_RED
/path_raw/uves_flat_setl red3.fits SFLAT _RED
/path_raw/uves_flat_set2 redl.fits SFLAT _RED
/path_raw/uves_flat_set2 red2.fits SFLAT_RED
/path_raw/uves_flat_set2 red3.fits SFLAT _RED
/path_raw/uves_flat_set3 redl.fits SFLAT_RED
/path_raw/uves_flat_set3 red2.fits SFLAT _RED
/path_raw/uves_flat_set3 red3.fits SFLAT_RED

science frames: these frames are characterized by DPR.FOBHECT .
/path_raw/flames_uves_science_red.fits FIB_SCI_RED

In the following examples we assume that pipeline produehéimes are the original as set by the pipeline. This
corresponds to have the paramedsorex.caller.suppress-prefixn the EsoRex configuration file
(BHOME/.esorex/esorex.rc) set to TRUE. Otherwise EsoRéxemame the pipeline producs using a common
prefix (set by the parametesorex.caller.output-prefiy, a four digits increasing number, and terminating the
FITS file with the extention “.fits”". We suggest to verify toveathe flagreadonlyset to FALSE, if the user
would like to run the same recipe several times with EsoRexnlgastandard values for product files. This
setting allows the pipeline to overwrite previously genedsproducts.

1. Generate guess order and line tables. Formatcheck fraradisted together with the needed calibration
frames in an ASCII file, flames_cal_predict.sof. This filel\wgbk like as follows:

/path_raw/flames_uves_arc_lamp_form_red.fits FIB_ARC _LAMP_FORM_RED
/path_ref/thargood_ 3.fits LINE_REFER_TABLE

Then the user can generate the guess order and line tabletheitommand
esorex flames_cal_predict flames_cal_predict.sof
This command will generate two files (in the following tabld & files have extention .fits):

®By default installation in the EsoRex configuration file ($ME/.esorex/esorex.rc) the flayppress-prefiis set to FALSE and the
flag readonlyis set to FALSE, a possible combination, in which case piefiroduct filenames will have a prefix out_, an increasing
four digit number, and extention .fits.
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default recipe filename format | PRO.CATG short description
lineguesstable _redl | table | FIB_LIN GUE_REDL | guess line table
orderguesstable_redl | table | FIB_ORD_GUE_REDL| guess order table
lineguesstable_redu | table | FIB_LIN GUE_REDU | guess line table
orderguesstable_redu| table | FIB_ORD_GUE_REDU, guess order table

and generates the ASCII files lineguesstable_redl-0.paf, liaeguesstable redu-0.paf which logs QC
parameters.

mv * fits *.paf /path_pro
PAF files are ASCII files containing quality control infornat.

. Generate an order table. A set of narrow slit raw flat fiedarfes may be put in the ASCII file
flames_cal_orderpos.sof.

/path_raw/flames_uves_order_flat_red.fits FIB_ ORDEF _ RED

The user can generate order tables and reoriented singtecfiber flats with the command:
esorex flames_cal_orderpos flames_cal_orderpos.sof
This command will generate the following products:

default recipe filename format | PRO.CATG short description

ordertable_redl table | FIB_ORD_GUE_REDL| simultaneous calibration fibre order table
order_def_redl table | FIB_ORDEF_REDL simultaneous calibration fibre order frame
ordertable_redu table | FIB_ORD_GUE_REDU| simultaneous calibration fibre order table
order_def redu table | FIB_ORDEF_REDU simultaneous calibration fibre order frame

and generates the ASCII files ordertable_redI-0.paf, tabéx _redu-0.paf which logs QC parameters.

mv * fits *.paf /path_pro

3. Then one selects the raw biases and lists them in an ASEL\fés_cal_mbias.sof:

/path_raw/uves_bias redl.fits BIAS_RED
/path_raw/uves_bias_red2.fits BIAS_RED
/path_raw/uves_bias red3.fits BIAS_RED
/path_raw/uves_bias _red4.fits BIAS_RED
/path_raw/uves_bias_red5.fits BIAS_RED

The command:

esorex uves_cal_mbias uves_cal_mbias.sof

will generate the following products:

| default recipe filenamé format

| PRO.CATG

| short description|
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masterbias_redl| 2d image (pix-pix)| MASTER_BIAS REDL | master bias
masterbias_redu 2d image (pix-pix)| MASTER_BIAS_REDU| master bias

and generates the ASCII file masterbias_redI-0.paf, maaterredu-0.paf which logs QC parameters.
mv * fits *.paf /path_pro

. Then one selects the raw darks and list them in an ASCII ¥iéss ucal_mdark.sof.

/path_raw/uves_dark_redl.fits DARK RED
/path_raw/uves_dark_red2.fits DARK_RED
/path_raw/uves_dark_red3.fits DARK RED
/path_pro/masterbias_redl.fits MASTER_BIAS REDL
/path_pro/masterbias_redu.fits MASTER_BIAS REDU

The command:
esorex uves_cal_mdark uves_cal_mdark.sof
will generate the following products:

default recipe filename format PRO.CATG short description
masterdark_redl 2d image (pix-pix)| MASTER_DARK_REDL | master dark
masterdark_redu 2d image (pix-pix)| MASTER_DARK_REDU| master dark

and generates the ASCII file masterdark_redl-0.paf, maatkerredu-0.paf which logs QC parameters.
mv * fits *.paf /path_pro

. Then one selects the raw slit flat fields and list them in a€i8le flames_cal_mflat.sof together with
some master calibrations and previously obtained products

/path_raw/flames_uves_flat_setl redl.fits SFLAT_RED
/path_raw/flames_uves flat setl red2.fits SFLAT_RED
/path_raw/flames_uves_flat_setl red3.fits SFLAT_RED
/path_raw/flames_uves flat set2 redl.fits SFLAT_RED
/path_raw/flames_uves_flat_set2_red2.fits SFLAT_RED
/path_raw/flames_uves flat set2 red3.fits SFLAT_RED
/path_raw/flames_uves_flat_set3_redl.fits SFLAT_RED
/path_raw/flames_uves flat set3 red2.fits SFLAT_RED
/path_raw/flames_uves_flat_set3_red3.fits SFLAT_RED

/path_pro/masterbias_redl.fits MASTER_BIAS_REDL
/path_pro/ordertable_redl.fits ORDER_TABLE_REDL
/path_pro/masterbias_redu.fits MASTER_BIAS_REDU
/path_pro/ordertable_redu.fits ORDER_TABLE_REDU

The command:
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esorex flames_cal_mflat flames_cal_mflat.sof

will generate the following products:

default recipe filename format PRO.CATG Note

masterflat_setl_redl | 2d image (pix-pix)| MASTER_SFLAT_REDL | master flat
masterflat_set2 redl | 2d image (pix-pix)| MASTER_SFLAT REDL| master flat
masterflat_set3_redl | 2d image (pix-pix)| MASTER_SFLAT_REDL | master flat
masterflat_bkg _redl | 2d image (pix-pix)| BKG_FLAT_REDL inter-order backgroung
masterflat_setl_redu | 2d image (pix-pix)| MASTER_SFLAT_REDU| master flat
masterflat_set2 redu | 2d image (pix-pix)| MASTER_SFLAT REDU| master flat
masterflat_set3_redu | 2d image (pix-pix)| MASTER_SFLAT_REDU| master flat
masterflat_bkg _redu | 2d image (pix-pix)| BKG_FLAT_REDU inter-order backgroung

and generates the ASCII file masterflat_redI-0.paf, maaterfidu-0.paf which log QC parameters.
mv * fits *.paf /path_pro

. Then the order table for all fibre traces is determined. tfo&three raw fibre frames illuminating respec-
tively the odd, even, all fibre frames are put in an the ASC4 fihmes_cal_prep_sff_ofpos.sof.

/path_raw/flames_uves odd red.fits FIB_FF_ODD_RED
/path_raw/flames_uves_even_red.fits FIB_FF_EVEN_RED
/path_raw/flames_uves_all_red.fits FIB_FF_ALL_RED

/path_pro/masterbias_redl.fits MASTER_BIAS_ REDL
/path_pro/ordertable_redl.fits FIB_ORD_GUE_REDL
/path_pro/masterflat_setl redl.fits MASTER_SFLAT_ RED L
/path_pro/masterflat_set2_redl.fits MASTER_SFLAT_RED L
/path_pro/masterflat_set2 redl.fits MASTER_SFLAT_ RED L
/path_pro/masterbias_redu.fits MASTER_BIAS_ REDU
/path_pro/ordertable_redu.fits FIB_ORD_GUE_REDU
/path_pro/masterflat_setl redu.fits MASTER_SFLAT _RED U
/path_pro/masterflat_set2 redu.fits MASTER_SFLAT _RED U
/path_pro/masterflat_set2_redu.fits MASTER_SFLAT_RED U
Note that the input master bias frames is optional recomegintput.
The command
esorex flames_cal_prep_sff_ofpos flames_cal_prep_sffpo$.sof
will generate the following products:
default recipe filename format | PRO.CATG short description
xt_odd_| table | FIB_FF_ODD_INFO_TAB | info table
xt_even_| table | FIB_FF_EVEN_INFO_TAB | info table
xt_all_| table | FIB_FF_ODD_INFO_TAB | info table
slitff_common_redl table | SLIT_FF_COM_REDL slitff common frame
slitff_norm_red| table | SLIT_FF_NOR_REDL slitff common frame
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slitff_dtc_redl table | SLIT_FF DTC_REDL slitff data frame
slitff_bpc_redl table | SLIT_FF_BPC_REDL slitff badpixel frame
slitff_sgc_redl table | SLIT_FF_SGC_REDL slitff sigma frame
fibff_common_redl table | FIB_FF_COM_REDL fibff common frame
fibff_norm_redl table | FIB_FF_NOR_REDL fibff common frame
fibff_dtc_redl table | FIB_FF_DTC _REDL fibff data frame
fibff_bpc_redl table | FIB_FF BPC_REDL fibff badpixel frame
fibff_sgc_redl table | FIB_FF_SGC_REDL fibff sigma frame
fibff_bnc_redl table | FIB_FF_BNC_ REDL fibff bound frame
fib_ordef_red| table | FIB_ORDEF_TABLE_REDL| fibre order table
slitff_common_redu | table | SLIT_FF_COM_REDU slitff common frame
slitff_norm_redu table | SLIT_FF_NOR_REDU slitff common frame
slitff_dtc_redu table | SLIT_FF_DTC_REDU slitff data frame
slitff_bpc_redu table | SLIT_FF BPC_REDU slitff badpixel frame
slitff_sgc_redu table | SLIT_FF_SGC_REDU slitff sigma frame
fibff_common_redu | table | FIB_FF_COM_REDU fibff common frame
fibff_norm_redu table | FIB_FF_NOR_REDU fibff common frame
fibff_dtc_redu table | FIB_FF _DTC_REDU fibff data frame
fibff_bpc_redu table | FIB_FF_BPC_REDU fibff badpixel frame
fibff_sgc_redu table | FIB_FF_SGC_REDU fibff sigma frame
fibff_bnc_redu table | FIB_FF_BNC_REDU fibff bound frame
fib_ordef redu table | FIB_ORDEF_TABLE_REDU fibre order table

and generates the ASCII file masterflat_redI-0.paf, maaterfidu-0.paf which log QC parameters.
mv * fits *.paf /path_pro

. Then the wavelength calibration is performed. A set of fiames illuminated through a long slit by an
arc lamp are put in the ASCII file flames_cal_wavecal.sof.

/path_raw/flames_uves_arc_lamp_red.fits FIB_ARC_LAMP _RED
/path_pro/ordertable_redl.fits FIB_ORDEF_TABLE_REDL
/path_pro/lineguesstable_redl.fits LIN_GUE_REDL
/path_pro/masterbias_redl.fits MASTER_BIAS_REDL
/path_pro/masterflat_redl.fits MASTER_FLAT_REDL
/path_pro/ordertable_redu.fits FIB_ORDEF_TABLE_REDU
/path_pro/lineguesstable_redu.fits LIN_GUE_REDU
/path_pro/masterbias_redu.fits MASTER_BIAS REDU
/path_pro/masterflat_redu.fits MASTER_FLAT_REDU
/path_ref/thargood_3.fits LINE_REFER_TABLE

Note that the input master bias and master flat frames arergptiecommended inputs.
The command

esorex flames_cal_wavecal flames_cal_wavecal.sof

will generate the following products:
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default recipe filename format | PRO.CATG short description
linetable_redl table | FIB_LINE_TABLE_REDL | line table
linetable_redu table | FIB_LINE _TABLE_REDU | line table

This table contains the solutions for each extracted winikky-obj-sky) in several extensions according
to the following schema:

Line table for trace O, window #1 saved to extensions 1-3 of 'l inetable_redl/redu’
Line table for trace O, window #2 saved to extensions 4-6 of 'l inetable_redl/redu’
Line table for trace O, window #3 saved to extensions 7-9 of 'l inetable_redl/redu’

and generates the ASCI! file linetable_redI-0.paf, linktaledu-0.paf which logs QC parameters.
mv * fits *.paf /path_pro

. Finally, the raw science frame is reduced.The raw sciénacee is listed together with master calibration
products in the following ASCII file flames_obs_scired.sof:

/path_raw/flames_uves_science_red.fits FIB_SCI_RED

/path_pro/slitff_com_redl.fits SLIT_FF_COM_REDL
/path_pro/slitff_nor_redl.fits SLIT_FF_NOR_REDL
/path_pro/slitff_dtc_redl.fits SLIT_FF_DTC_REDL
/path_pro/slitff_bpc_redl.fits SLIT_FF_BPC_REDL
/path_pro/slitff_sgc_redl.fits SLIT_FF_SGC_REDL
/path_pro/fibff_com_redl.fits FIB_FF_COM_REDL
/path_prof/fibff_nor_redl.fits FIB_FF_NOR_REDL
/path_prof/fibff_dtc_redl.fits FIB_FF_DTC_REDL
/path_pro/fibff_bpc_redl.fits FIB_FF BPC REDL
/path_prof/fibff_sgc_redl.fits FIB_FF_SGC_REDL
/path_pro/fibff_bnc_redl.fits FIB_FF_BNC_REDL
/path_pro/fib_ordef_redl.fits FIB_ORDEF_TABLE_REDL
/path_pro/slitff_com_redu.fits SLIT_FF_COM_REDU
/path_pro/slitff_nor_redu.fits SLIT_FF_NOR_REDU
/path_pro/slitff_dtc_redu.fits SLIT_FF_DTC_REDU
/path_pro/slitff_bpc_redu.fits SLIT_FF_BPC_REDU
/path_pro/slitff_sgc_redu.fits SLIT_FF_SGC_REDU
/path_prof/fibff_com_redu.fits FIB_FF_COM_REDU
/path_prof/fibff_nor_redu.fits FIB_FF_NOR_REDU
/path_pro/fibff_dtc_redu.fits FIB_FF_DTC_REDU
/path_prof/fibff_bpc_redu.fits FIB_FF_BPC_REDU
/path_pro/fibff_sgc_redu.fits FIB_FF_SGC_REDU
/path_prof/fibff_bnc_redu.fits FIB_FF_BNC_REDU
/path_pro/fib_ordef redu.fits FIB_ORDEF_TABLE_REDU

The command:

esorex flames_obs_scired flames_obs_scired.sof
will generate the following products:
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default recipe file name

format

PRO.CATG

short description

fxb_| _raw000i
wfxb_|_raw000i
fxb_|_rawsig000i
wfxb_|_rawsig000i
mwfxb_|_rawsig000i
fxb_|_000i
wfxb_|_000i
fxb_|_sig000i
wfxb_|_sig000i
mwfxb_|_sig000i
fxb_u_raw000i
wfxb_u_raw000i
fxb_u_rawsig000i
wfxb_u_rawsig000i
mwfxb_u_rawsig000i
fxb_u_000i
wfxb_u_000i
fxb_u_sig000i
wfxb_u_sig000i

mwfxb_u_sig000i

2d (pix-ord) image
2d (wav-ord) image
2d (pix-ord) image
2d (wav-ord) image
1d (wav) image

2d (pix-ord) image
2d (wav-ord) image
2d (pix-ord) image
2d (wav-ord) image
1d (wav) image

2d (pix-ord) image
2d (wav-ord) image
2d (pix-ord) image
2d (wav-ord) image
1d (wav) image

2d (pix-ord) image
2d (wav-ord) image
2d (pix-ord) image
2d (wav-ord) image
1d (wav) image

XB_SCI_RAW_REDL
WXB_SCI_RAW_REDL
ERR_XB_SCI_RAW_REDL
ERR_WXB_SCI_RAW_REDL
MWXB_SCI_RAW_REDL
XB_SCI_REDL
WXB_SCI_REDL
ERR_XB_SCI_REDL
ERR_WXB_SCI_REDL
MWXB_SCI_REDL
XB_SCI_RAW_REDU
WXB_SCI_RAW_REDU
ERR_XB_SCI_RAW_REDU
ERR_WXB_SCI_RAW_REDU
MWXB_SCI_RAW_REDU
XB_SCI_REDU
WXB_SCI_REDU
ERR_XB_SCI_REDU
ERR_WXB_SCI_REDU
MWXB_SCI_REDU

extracted, flatfielded raw frame

rebinned, extracted, flatfielded raw frame

error frame

error frame

merged, rebinned, extracted, flat fielded raw fra
extracted, flatfielded raw frame

rebinned, extracted, flatfielded raw frame

error frame

error frame

merged, rebinned, extracted, flat fielded raw fral
extracted, flatfielded raw frame

rebinned, extracted, flatfielded raw frame

error frame

error frame

merged, rebinned, extracted, flat fielded raw frai
extracted, flatfielded raw frame

rebinned, extracted, flatfielded raw frame

error frame

error frame

merged, rebinned, extracted, flat fielded raw fra

me

me

and generates the ASCII file resampled_ff_blue-0.paf whigh QC parameters.
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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 follayvig a list of currently-known problems with UVES
recipes, and workarounds, if available:

e The radial velocity correlation is not computed.
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7 Instrument Data Description
To reduce a science frame, the following calibration framesneeded:

e Fibre formatcheck

e Bias(es)

e Dark(s)

e Single Fibre Order definition

o Slit Flat field(s)

e Fibre flat fields having illuminated: odd, even, all fibres

e Fibre wavelength calibration

It is also necessary to have handy a reference (ThAr) linketaind in order to process standard stars, an
atmospheric extinction table, and a standard star flux table

7.1 Formatcheck frames

It is necessary to have a special formatcheck frame taketitbyinating the simultaneous calibration fibre

with a ThAr lamp. This is used in combination with a physicadel of UVES and the information contained

in the FITS header and in a ThAr reference line table, to findw@ess” solution of the spectral format (order
locations and wavelength calibration). This allows therdater on to obtain robust and automatic spectral
format solutions.

7.2 Bias frames

Bias frames give the read out of the CCD detector of zero ratem time with the shutter closed. Usually they

are taken as a set of five exposures from which, through stgcki Master Bias is created thus reducing the
read out noise. This needs to be subtracted for example fnensdience frame to get the signal contribution
from the source only.

7.3 Dark frames

Dark frames are measured occasionally, with the shutteedloThey are used to measure the dark current. They
are measured for 1x1 binning with typical exposure timestofThere are also open-shutter DARKSs (since De-
cember 2001). They include, in addition to the CCD dark autreontributions from the camera enclosure. Typ-
ical values are reported on the ESO Website under www.agolmserving/dfo/quality/UVES/qc/dark_qcl.html
As the contribution of UVES dark exposures may be considerefirst approximation, negligible, they can be
excluded from the data reduction chain as we will assumeihete following section.
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7.4 Single fibre order definition frames

A ingle fibre order definition frame is a calibration exposwtagtained with the calibration fibre illuminated
by a continuum lamp. It is a very high signal-to-noise ratiwrdiechelle frame describing precisely the order
location.

7.5 Fibre Flat Field (odd-enen-all) frames

The fibre flat-fields serve to locate the fibre positions, bethative to one another and absolute, within some
tolerance; to know the cross-sectional profile of each filbreagh wavelength; and to determine the relative
throughput of different fibres. These fibre flat-fields areyardable if the fibre traces fall in regions illuminated
in at least one of the slit flat-fields; fibres whose light fadigen in part, in dark regions of the slit flat-fields are
discarded. The data reduction software considers as riéallgnly a subregion of each slit flat field discarding
a few pixels at the flat field border.

The fibres’ images on the detector are so closely packed lieatross-sectional profiles of adjacent fibres
overlap to some non-negligible extent. Therefore, a sifigtefield frame, would not yield enough information
on individual fibres to perform a correct data reductiontéas, the DRS requires fibre flat-fields on which the
fibres can be clearly separated, such as one containing ddiywoembered fibres and another containing only
even-numbered fibres.

The order definition frame, if taken with the simultaneousdfjlcould also be used as an additional flat-field
frame covering the simultaneous calibration fibre. Suchusgion is necessary to be able to extract the simulta-
neous calibration fibre. In such a case one would add it in ¢tleé @f odd-even fibre flat fields (see below), and

this set of frames would thus contain completely separabéyes of all fibres.

In addition to the above, an all-fibre flat-field is needed toext for relative throughput differences between
odd and even fibres. This can be replaced by a Nasmyth sciefdralflat-field for higher accuracy.

If it is planned to observe using the simultaneous calibrefibre, it is also necessary to have in the calibration
data a ThAr frame with the ThAr lamp feeding all the same fibussd during the night (7OzPoz+1SimCal)
as well as an all fibre flat-field with the flat-field lamp feedialj the same fibres used during the night
(70zPoz+1SimCal). This is the minimum fibre flat-field sethlsdy the DRS.

7.6 Slit Flat Field frames

Slit Flat Field frames are long slit exposures taken with aticmum lamp. They give information on the
response of the detector, allowing to measure variationsffiniency at small (pixel-to-pixel), intermediate
(fringing, in the far red) and large (the blaze function)lscaUsually they are taken as a three sets of three
frames each at a given cross disperser setting, which asrdubtraction are stacked in a master to reject
statistical outliers like cosmic ray events. The final Magtat field is also background subtracted to eliminate
diffused light from the orders in the inter-order regiongie®ice frames need to be corrected for pixel-to-pixel
variations, interference fringes and the blaze functionugh division by the master flat field.

To properly evaluate the background level and avoid oveitap of orders, each slit flat field has to be taken
with a limited slit aperture. To cover all the fibres (allogialso for some variability in their placement) several
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slit flat fields are thus necessary, taken with differenteiffswvith respect to a central position and overlapping
between each other.

7.7 Wavelength calibration frames

Wavelength calibration frames are fibre exposures takenWES) illuminating all fibres with a ThAr arc
lamp. They are used to find the wavelength calibration smhuti

The wavelength calibration frames must be taken througlsdnee set of fibres as the science frame.

We would like to emphasize the importance of having “propeafibration data to be able to reduce the science
observations with best quality. For example, if becausehefrhal shifts the available slit flat-fields do not
cover the position where a (science-frame) fibre is locatgd,fibre will be discarded and its data is unusable.
The same is true if fibre positions in the science-frame aifeeshtoo much with respect to the corresponding
positions of the fibre flat-field frames used to do the dataatoin. This may occur in case of automatic on
line pipeline data reduction on Paranal where usually thibregion data base is updated with a one month time
scale. Moreover, the cross-sectional profiles of the fibrag ohange e. g. due to slightly different focusing.
Since this, in turn, changes the contamination betweercenjdibres, a significantly different profile between
calibrations and science data will lead to an incorrect declution of the fibres. This release searches for
possible instrument shifts along Y (i. e. perpendicularigpdrsion) in the interval [-6,6] pixel. It satisfactorily
reduced commissioning data which, due a still not completdble instrument setup, were characterized by
shifts between the science observation and the calibratitre range [-3.5,3.5]. It must be said that the source
of such Y shift was discovered and fixed during an instrumeftinare upgrade occurred before the beginning
of FLAMES operations and so we do not expect the user willivecdata affected by shifts between science
and calibrations of more than one pixel. This release allmaiateractively recover extraction also in cases of
wider shifts (see help of recipe flames_obs_scired).

The FLAMES positioner uses two plates and two distinct sefies, with two distinct entrance positions in
UVES.

A simultaneous calibration fibre for precise radial velgciteasurements is also available. Using this fibre the
spectral format changes, including (at most) 7 OzPoz fibméslaSimCal fibre. Therefore, all calibration data
need to be taken with the same FLAMES plate and8(OzPoz fibres)X 7 OzPoz fibres+1 SimCal fibre)
configuration as the actual science frames to be reduced.

Although we introduced means to detect and appropriatelt saturated pixels in the data reduction, it might
happen that a saturated frame affects the data reductiore $pecifically, while isolated saturated pixels can be
easily detected by the DRS and excluded from the subseqatmtetuction, strongly saturated emission lines
can produce a very irregular distribution of scatteredtligin the frame, causing a poor background subtraction
and, as a consequence, wrong results in the determinatishifts to be applied to each fibre (correlation step).
In particularly pathological cases, this may lead to a failof the automatic data reduction procedure, and
require manual intervention to properly extract the data.

7.8 Supported raw frames (keyword identifiers)

In this section we describe all possible types of raw franoeghfe different observing modes. More information
on those data may be found aww.eso.org/qc/uves . The different frame types can be identified by the
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values of the DPR keywords of their FITS headers (see [5]es€hkeywords are generated by the FLAMES-
UVES templates (for a description of the FLAMES-UVES tentigdasee [9]). A given frame type can be
processed by one or a few different dedicated pipeline escifyhe individual pipeline recipes are described in
section 11. In most cases, reference data frames are naedstlite a given frame. These reference data have
to match the input frame in a number of instrument paraméeegs to apply a flat field correction to a science
frame only a flat field frame taken in the same central wavdlergame slit length, etc. will be used for the

correction). These parameters are listed umelevant instrument parameters

The following raw frame types are possible:

e Relevant instrument parameters group 1 common to all ramndsa

Number of CCD chips:
Conversion e>ADU:
X-binning:

y-binning:

Window start in x:
Window start in y:

No of pixels in x:

No of pixelsiny:

e Relevant instrument parameters group 2 common to some emes:

Grating used:

Central wavelength used:
Slit width used:

Slit length used:

Filter used:

Observation Plate used:
Simultaneous calibration:
i :2(BLUB, 3 (RED
j:1(BLUB,?2 (RED

Bias frames

e Template signature:
UVES x_cal_bias
(x: red, dicl, dic2)

e DPR keywords:

ESO DPR CATG = CALIB
ESO DPR TYPE = BIAS

e DO category:

BIAS_RED (NCHIP = 2)

NCHIP

ESO DET OUT1 CONAD
ESO DET WIN1 BINX
ESO DET WIN1 BINY
ESO DET WIN1 STRX
ESO DET WIN1 STRY
ESO DET WIN1 NX
ESO DET WIN1 NY

ESO INS GRAT]j ID
ESO INS GRATj] WLEN
ESO INS SLITi WID
ESO INS SLITi LEN
ESO INS FILTi ID

INS OBSPLATE

OCS SIMCAL
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e Pipeline recipeuves_cal_mbias
e Relevant instrument parameters: group 1.

e Reference: Figur&.8.0(a).

Dark frames

e Template signature:
UVES_x_cal_dark
(x: red, dicl, dic2)

e DPR keywords:
ESO DPR CATG = CALIB
ESO DPR TYPE = DARK
ESO DPR TECH IMAGE

e DO category:
DARK_RED(NCHIP = 2)

e Pipeline recipeuves_cal_mdark

e Relevant instrument parameters: group 1.

Order definition flat fields

e Template signature:
UVES_x_tec_orderdef
(x: red, dicl, dic2)

e DPR keywords:

ESO DPR CATG = CALIB
ESO DPR TYPE = LAMP,ORDERDEF,SimCal
ESO DPR TECH = MOS

e DO category:
ORDER_FLAT_REDNCHIP = 2)

e Pipeline recipeflames_cal_orderpos
e Relevant instrument parameters groups 1, 2.

e Reference: Figur&.8.0(c).
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Spectroscopic Slit flat fields

e Template signature:
UVES x cal y
(x: red, dicl, dic2)
(y: flatatt, flatfree)

e DPR keywords:
ESO DPR CATG = CALIB
ESO DPR TYPE = LAMP,SFLAT
ESO DPR TECH = ECHELLE

e DO category:
FLAT_RED (NCHIP = 2)

e Pipeline recipeflames_cal_mflat
e Relevant instrument parameters groups 1, 2.

e Reference: Figur&.8.0(e).

Format check spectra

e Template signature:
UVES_x_tec_fmtchk
(x: red, dicl, dic2)

e DPR keywords:

ESO DPR CATG = CALIB
ESO DPR TYPE = LAMP,FMTCHK,SimCal
ESO DPR TECH = MOS

e DO category:
FIB_ARC_LAMP_FORM_RE[NCHIP = 2)

e Pipeline recipeflames_cal_predict
e Relevant instrument parameters: groups 1, 2.

e Reference: Figur&.8.0(b).

Wavelength calibration spectra

e Template signature:
UVES x cal y
(x: red, dicl, dic2)
(y: waveatt, wavefree)



- Doc: VLT-MAN-ESO-19500-3016

ESO FLAMES-UVES Pipeline User Manuaksue: Issue 5.4
- Draft not for release Date: Date 2008-04-02

Page: 41 of 86

e DPR keywords:

ESO DPR CATG = CALIB
ESO DPR TYPE = LAMP,WAVE,OzPoz
ESO DPR TECH = MOS

e DO category:
FIB_ARC_LAMP_RED(NCHIP = 2)

e Pipeline recipeflames_cal_wavecal
e Relevant instrument parameters: groups 1, 2.

e Reference: Figur&.8.0(d).

Wavelength calibration spectra

e Template signature:
UVES x cal y
(x: red, dicl, dic2)
(y: waveatt, wavefree)

e DPR keywords:

ESO DPR CATG = CALIB
ESO DPR TYPE = LAMP,WAVE,SimCal
ESO DPR TECH = MOS

e DO category:
FIB_ARC_LAMP_RED(NCHIP = 2)

e Pipeline recipeflames_cal_wavecal
e Relevant instrument parameters: groups 1, 2.

e Reference: Figur&.8.0(d).

Odd Fibre flat calibration spectra

e Template signature:
UVES x cal y
(x: red, dicl, dic2)
(y: waveatt, wavefree)

e DPR keywords:

ESO DPR CATG = CALIB
ESO DPR TYPE = LAMP,FLAT,ODD
ESO DPR TECH = MOS
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DO category:
FIB_FF_ODD_RED(NCHIP = 2)

Pipeline recipeflames_cal_prep_sff_ofpos
Relevant instrument parameters: groups 1, 2.

Reference: Figur&.8.0(d).

Even Fibre flat calibration spectra

Template signature:
UVES_x_cal_y

(x: red, dicl, dic2)
(y: waveatt, wavefree)

DPR keywords:

ESO DPR CATG = CALIB
ESO DPR TYPE = LAMP,FLAT,EVEN
ESO DPR TECH = MOS

DO category:
FIB_FF_EVEN_RED (NCHIP = 2)

Pipeline recipeflames_cal prep_sff_ofpos
Relevant instrument parameters: groups 1, 2.

Reference: Figur&.8.0(d).

All Fibre flat calibration spectra

Template signature:
UVES_x_cal_y

(x: red, dicl, dic2)
(y: waveatt, wavefree)

DPR keywords:

ESO DPR CATG = CALIB
ESO DPR TYPE = LAMP,FLAT,ALL
ESO DPR TECH = MOS

DO category:
FIB_FF_ALL_RED (NCHIP = 2)

Pipeline recipeflames_cal_prep_sff_ofpos
Relevant instrument parameters: groups 1, 2.

Reference: Figur&.8.0(d).
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Nasmyth screen Fibre flat calibration spectra

e Template signature:
UVES x cal y
(x: red, dicl, dic2)
(y: waveatt, wavefree)

e DPR keywords:

ESO DPR CATG = CALIB
ESO DPR TYPE = LAMP,FLAT,NASMYTH
ESO DPR TECH = MOS

e DO category:
FIB_FF_NASMYTH_REDNCHIP = 2)

e Pipeline recipeflames_cal _prep_sff ofpos
e Relevant instrument parameters: groups 1, 2.

e Reference: Figur&.8.0(d).

Science spectra

e Template signatures:
UVES_ x obs y
(x:  Dblue, red, dicl, dic2)
(y: exp, expfree)

e DPR keywords:
ESO DPR CATG = SCIENCE
ESO DPR TECH = MOS

e DO category:
FIB_SCI_RED (ESO DPR TYPE = OBJECT,0zP(z
FIB_SCI_SIM_RED (ESO DPR TYPE = OBJECT,SimCal)
FIB_SCI_COM_RED (ESO DPR TYPE = OBJECT,0zP0)

e Pipeline recipeuves_obs_scired

e Relevant instrument parameters: groups 1, 2.
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Figure 7.8.0: (a) araw bias frame; (b) a raw formatcheck alrfibre frame; (c) a raw order simcal fibre frame;
(d) araw odd fibres frame; (e) a raw even fibres frame; (f) a fhiibaes frame; (g) a master sflat frame (setl);
(h) a master sflat frame (set2); (i) a master sflat frame (s@)3 raw arc lamp fibre frame; (m) a raw science

frame.
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8 Static Calibration Data

In the following section ancillary data required for UVESaaeduction are listed. For each of them we indicate
the corresponding value of the HIERARCH ESO PRO CATG, in sSR&®O.CATG, FITS keyword. This has
to be used to identify the frames listed in tBet of Framegsee Sectio®.2.2 page22). More information on
those data may be found swww.eso.org/qc/uves

8.1 Line reference table

A reference list of arc lines is necessary to perform the \‘emgth calibration. Its PRO.CATG is
LINE_REFER_TABLE. This frame is an input of the recipes uwed_predict and uves_cal_wavecal.

This release of the UVES pipeline provides a new referena datalog (thargood_3.fits) more accurate than
the previous one (thargood_2.fits). The kit contains bothlogs and the user is recommended to use the new
one.


http://www.eso.org/qc/uves

- Doc: VLT-MAN-ESO-19500-3016
ESO FLAMES-UVES Pipeline User Manuaksue: Issue 5.4
- Draft not for release Date: Date 2008-04-02

Page: 46 of 86

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

In order to fully reduce a set of FLAMES-UVES data, includicajibration and science frames, the following
data reduction problems need to be solved:

e The detector bias and dark current levels should be measmedubtracted.

e The echelle fiber order traces need to be determined in atrofmsner.

Be able to compute and correct for detector pixel to pixehgairiations and the blaze function.

For each fibre perform the wavelength calibration in a rolanst automatic manner.

Reduce science fiber data recoving the cross order fibreamamdtion.

9.2 Required input data

To be able to reduce science data one needs to use raw, paatacand recipes in a given sequence which
provides all the necessary input to each pipeline recipe. cilliethis sequence data reduction cascade. The
FLAMES-UVES pipeline involves the following input data:

¢ Raw frames:

Fibre formatcheck frames to determine guess order anddinled.
Calibration fibre frames to determine guess order tableshand a flat field for that fibre.
Bias frames to determine a master bias.

Dark frames to determine a master dark.

— Slit flat frames to determine a set of master slit flats coggalththe nine fibres.

— Odd-even-all fibre order definition frames to determine thecsfiorder traces tables and construct a
reference base of non contaminated fibre frames.

— Fibre arc lamp frames to determine the line table for all bre
e calibration data products:

— Calibration guess line table to have an automatic, accaradestable wavelength calibration.
— Calibration fibre guess order table to have a stable ordeinga

— Calibration fibre order flat frame to have a flat frame to flat¢h&bration fibre and a base fibre to
estimate the contamination of that fibre to the others.
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— Master bias, master dark to subtract them from master fldtsaience frames.

— Master slit flat fields to correct for different detector girfficiencies, the blaze function, the detec-
tor fringing at longer wavelengths.

— Line tables to calibrate the object and sky spectra in wangle
e Reference files:

— Line table to produce guess and final line tables.

9.3 Reduction cascade

Here we outline the logical sequence of steps which are metm@erform a complete spectral extraction
of FLAMES-UVES data. All these operations can be carried sihg commands in the FLAMES context.
Examples of data reduction are in chagier

1. For most frames (fibre and slit flat-fields, science franaegriance frame and a bad-pixel mask must be
created.

2. First, a so-called format-check frame is examined. TiamE must have been taken with a single fibre
illuminated by a (Th-Ar) wavelength-calibration lamp, asitiother fibres dark. This frame is compared
with a physical model of the CCD illumination, with the helpan appropriate table of lines emitted
by the calibration lamp, to derive a first guess of the ordesitpms and of the wavelength-calibration
solution.

3. The whole set of fibres is considered (or at least those insth@ science exposure), by processing both
an odd-numbered- and an even-numbered fibre flat-field framdkis way a complete (raw) fibre-order
position table is obtained.

4. From the latter, the inter-order (background) table impoted, for later computation and subtraction of
scattered-light contamination.

5. Slitflat-field frames are processed. At least two hatffili-fields are needed to cover the fibre-illuminated
region without overlapping, and these are combined and alized. They will be used to remove pixel-
to-pixel effects later. Associated variance frames andizel masks are also created.

6. odd/even fibre flat-fields are processed. These frameaindhe required information on the fibre cross-
dispersion profile, and need to be input as separate oddfégwenframes since adjacent fibres have
partially overlapping profiles. Fibres for which there is carresponding slit-flat-field information are
ignored. The frames are corrected for background light, asgbciated variance frames and bad-pixel
masks are created.

7. The algorithm requires also an all-fibre flat-field frantecdmpute the relative throughput among the odd
and even fibres. Itis treated as if it were a science framd, thvé same extraction procedure, to obtain for
each fibre and order a wavelength-dependent normalizatisteéd of a spectrum). Since the FLAMES
context includes two extraction methods (standard andr@b}j the same choice is possible to extract
the fibre normalizations here. Moreover, the all-fibre flatefiframe is also used as a reference for the
positions of all fibres, since they are simultaneously liehé-or this purpose, the cross-dispersion shifts
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between the fibre positions in the odd and even fibre flat-fielchés are computed with this common
reference, and this additional information is stored indhger-fibre table.

8. Wavelength calibration is done, using a fibre frame witthefibre illuminated by a ThAr lamp, the guess
line and fibre-order tables determined from previous datiaicigon steps. This step extracts each fibre
spectrum, looks for ThAr lines and identifies them with helm @uess solution.

9. Eventually, the science spectra are extracted, eithagusandard or optimal extraction. Because of
UVES stability limitations, there may be shifts between flie images in the flat-fields and in the
science frames. These shifts are expected to occur in tlss-dispersion direction and to be at madt
pixel. Since especially optimal extraction is extremelpstive to such shifts (spectra with large S/N
cannot be extracted satisfactorily for shifts larger thanx), the extraction routine computes the value
of the shift (using a correlation-function method), and leggpthe opposite shift to the fibre flat-fields
(that's why pixel-to-pixel effects need to be computed safgdy using slit flat-fields). After doing that,
the optimal extraction is performed using the fibre flat-fedc a model to fit the science frame at every
wavelength (the fit amplitudes are the extracted spectracit eiavelength), using at the same time the
fibre profile information to deconvolve the partial fibre degr. Standard extraction is somewhat simpler,
doing only a sum of the science frame fibre spectra over a gfieatl window across dispersion, without
fitting, but including also a deconvolution of fibre crossiyamination.

10. Next, extracted spectra are wavelength-calibrated.

11. Last, wavelength-calibrated, merged spectra areezteat

9.3.1 Data reduction peculiarities

The data reduction software design to reduce FLAMES-UVEf&fdchelle mode data (described in [2], [3]
and [5]) has some data reduction peculiarities for examjille kgspect to the standard echelle data reduction,
or with respect to the extraction of fibre spectra designedEROS.

With respect to a standard echelle package:

e The fibre flat field spectra are used as "true" physical modé¢heflight distribution on the detector in
the optimal extraction, instead of some analytic approtioma(e.g. as in UVES-echelle mode where a
Gaussian+constant function distribution is used).

e A very good solution of the adjacent fibre contamination @hhis a peculiar problem of fibre-fed multi-
object spectrographs with close packed fibres and thus ddexcour in echelle mode) is achieved.

e Spectra corresponding to different fibres, having a difiefdre throughput, are corrected giving reliable
relative fibre throughputs.

e Thanks to the use of three different kind of flat-field specsiagle fibre, odd-even-all fibres, slit flat
fields) usually the final merged spectra have a very high twiadiwhich any residual oscillation artifacts
(still present in some high S/N UVES echelle extracted spgere well below the noise level.

With respect to FEROS we have the same difference as beftineawiadditional one:
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e In FEROS the flat fielding is done on the extracted spectraaeg before the science and the flat
field and dividing the first by the latter. Although this prdcee has empirically been shown to lead to
negligible differences with respect to the "correct” one, still use the "correct” one (first correct science
by flat field, next extract the spectra).

The adopted data reduction together with to the mentioned pnplies a number of contra. Essentially we

have two. We need many calibrations, for example comparrayy more than, for example, UVES operated
in echelle mode.

The achieved very good extraction quality is paid with a @uittensive computational cost. On Paranal the
hardware dedicated to data reduction in support of FLAMB&=S changed from the probably more reliable
(and expensive) HP-UX architecture to the faster PC-Limakigecture. To improve even more computational
performance we had to define additional simplified (and wathdr quality products) data reduction modes
(“fast” and “quick”) just in support of operations even ifthe moment they are not used.
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10 Pipeline Recipes Interfaces

In this section we provide for each recipe examples the reduinput data (and their classification tags). In
the following we assume that the input files (in our exampes data are located in the directory /path_raw,
reference data are in the directory /path_ref and pipelioelycts are in the directory /path_pro) are existing
FITS files (e.g. /datal/uves/com2/UVES.2004-08-16T0R44853.fits and /cal/uves/ech/cal/thargood_3.fits,
[/cal/luves/ech/calllinetable_redl.fits, /cal/uves/ealiinetable_redu.fits).

We also provide a full list of pipeline products for each mgiindicating their default recipe name (optionally
replaced by EsoRex to a given standard), the value of the kéy®&ord HIERARCH 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.

The data may be recognized and organized according to thesaf the following FITS keywords:

Association keyword Information

HIERARCH ESO DPR TYPE raw data type

HIERARCH ESO DPR CATG raw data category

HIERARCH ESO DPR TECH raw data technique

HIERARCH ESO INS GRATj WLEN]| Instrument setup central wavelength
HIERARCH ESO DET DIT Integration time

The pipeline is able to also process pipeline products géeeiby the MIDAS based pipeline. The viceversa is
not true.

For each recipe we also list the input parameters (as thegaappthe recipe configuration file), the correspond-
ing parameter aliases (to be set on the command line) anddéfiult values. Each recipe has the following
common parameters:

parameter | alias default
debug debug FALSE
plotter plotter no
process_chig process_chig both

The parametedebug may be set to TRUE to generate a more detailed recipe log ana jgroducts for de-
bugging purposes. The paramepdotter may be set to 'gnuplot -persist’ in order to generate somesplbhe
parameteprocess_chipmay be set, in case of RED arm data, to redl’ or redu’, to r@lanly the correspond-
ing chip data. This allows to use different parameter vatoe®duce data of the two UVES red arm detector
chips.

A full description of each parameter is obtainable by rugnine commanaksorex - -parameters or esorex
--help or esorex --man-pageor by looking at the Recipe Input Parameters section of #dthodted Gasgano
window. Also, the role of the most relevant parameters iilesd in sectiorill.

Also quality control parameters are given. Those are storede corresponding pipeline products. More and
updated information on instrument quality control can henith onwww.eso.org/qc


http://www.eso.org/qc
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10.1 flames_cal_predict

The recipe flames_cal_predict computes the guess line aled tables using a model of UVES and the infor-
mation on the atmospheric pressure, temperature and ttneriment setting provided by the FITS header of the
raw formatcheck frame.

10.1.1 Input
/path_raw/flames_uves_arc_lamp_form_red.fits FIB_ARC _LAMP_FORM_RED
/path_ref/thargood_3.fits LINE_REFER_TABLE

10.1.2 Output

default recipe file name | format | PRO.CATG short description
orderguesstable_redl.fits table | FIB_ORD_GUE_TAB_REDL| Guess order table
lineguesstable_redl.fits | table | FIB_LIN GUE_TAB REDL | Guess line table
orderguesstable_redu.fitstable | FIB_ORD_GUE_TAB_REDU Guess order table
lineguesstable_redu.fits| table | FIB_LIN GUE_TAB REDU | Guess line table

174

The guess line table contains the following columns:

X Position along x

Y Position along y

PEAK line peak

Ident line catalog wavelength

YNEW Computed predicted line y position
Order Relative order number

WAVEC Predicted line wavelength of line peak
Aux Product of wavelength and order number
XREG

Pixel Local dispersion

RORD

XPRED Predicted X line position

YPRED Predicted Y line position

XDIF Difference between measured and predicted X line fsit
YDIF Difference between measured and predicted Y line posit
SELPLOT selection column

The guess order table contains the following columns:
ABS_ORDER Absolute order number

ORDER Relative order number

X Position along x

Y Position along y

YFIT Computed predicted order y position

RESIDUAL Residual (Y-YFIT)
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10.1.3 Quality control

The pipeline generates the following QC parameters:

QC.MODEL.NLINALL
QC.MODEL.NLINSEL
QC.MODEL.DIFFXRMS
QC.MODEL.DIFFXAVG
QC.MODEL.DIFFXMED
QC.MODEL.DIFFYRMS
QC.MODEL.DIFFYAVG
QC.MODEL.DIFFYMED
QC.MODEL.RESXRMS
QC.MODEL.RESXAVG
QC.MODEL.RESXMED
QC.MODEL.RESYRMS
QC.MODEL.RESYAVG
QC.MODEL.RESYMED
QC.MODEL.WLENMIN
QC.MODEL.WLENMAX
QC.MODEL.ORDMIN
QC.MODEL.ORDMAX
QC.WLENMIN
QC.WLENMAX
QC.ORDMIN
QC.ORDMAX
QC.FIB1.ABSTRANS
QC.FIB1.NHOTPIX
QC.FIB1.PLATENO

10.1.4 Parameters

Total number of detected lines
Number of selected lines

RMS difference of predicted and meaduiee x positions
Mean difference of predicted and mea&suline x positions
Median difference of predicted and me®sl line x positions
RMS difference of predicted and meaduiee y positions
Mean difference of predicted and measlline y positions
Median difference of predicted and me®sl line y positions

Std dev of X difference to physical model
Average of X difference to physical model
Median of X difference to physical model
Std dev of Y difference to physical model
Average of Y difference to physical model
Median of Y difference to physical model
Minimum predicted lines wavelength
Maximum predicted lines wavelength
Minimum predicted absolute order
Maximum predicted absolute order
Minimum wavelength of spectral format
Maximum wavelength of spectral format
Minimum relative order
Maximum relative order

Average transmission countrate measareeach fibre

Number of found hot pixels and hot columns.

This is the 1d of the plate to which the fibege connected to

parameter alias default
uves_cal_predict.mbox_x mbox_x 40
uves_cal predict.mbox_y mbox_y 40
uves_cal_predict.trans_x trans_x 0.0
uves_cal predict.trans_y trans_y 0.0
uves_cal predict.ech_angle_off ech_angle_off 0.0
uves_cal_predict.cd_angle_off cd_angle_off 0.0
uves_cal_predict.rot_angle_off ccd_rot_angle_off 0.0
uves_cal_predict.compute_regression_|saompute_regression_swTRUE
uves_cal predict.x_axis_scale X_axis_scale 0.0
uves_cal_predict.y_axis_scale y_axis_scale 0.0
uves_cal predict.def poll def poll 4
uves_cal_predict.def _pol2 def pol2 5




o Doc: VLT-MAN-ESO-19500-3016
ESO FLAMES-UVES Pipeline User Manuaksue: Issue 5.4
- Draft not for release Date: Date 2008-04-02
Page: 53 of 86
uves_cal_predict.kappa kappa ‘ 4.5 ‘
uves_cal_predict.tol tol 2.0

10.2 flames_cal_orderpos

The recipe flames_cal_orderpos generates an order talledrset of raw frames taken with the calibration

fibre illuminated by a continuum lamp.

10.2.1 Input

/path_raw/flames_uves_order_flat_red.fits FIB_ ORDEF_

10.2.2 Output

RED

default recipe file name format | PRO.CATG short description
ordertable_redl.fits table | FIB_ORD_TAB_REDL | order table

order_def redl.fits table | FIB_ORDEF_REDL fiber order def rotated frame
ordertable_redu.fits table | FIB_ORD_TAB_REDU| order table
order_def_redu.fits table | FIB_ORDEF_REDU fiber order def rotated frame

The output table contains the columns

Order Relative order number

X Position along x
Y Order line centroid location
dy Uncertainty of Y

Residual_Square Squared residual
OrderRMS

Root mean squared residual of initial

one-dimensional linear fit of order

OrderSlope Slope of order

Yfit The fitted order location
dYfit_Square Variance of Yfit
Residual (Y - Yfit)

10.2.3 Quality control

QC.ORD.RESIDMIN
QC.ORD.RESIDMAX
QC.ORD.RESIDAVG
QC.ORD.RESIDRMS
QC.ORD.NPRED
QC.ORD.NDET

Min residuals in order table
Max residuals in order table
Mean residuals in order table
RMS residuals in order table
Predicted number of orders
Detected number of orders
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QC.ORD.NPOSALL | Number of

positions found

QC.ORD.NPOSSEL | Number of positions selected

QC.ORDMIN
QC.ORDMAX

Minimum (relative) order value
Maximum (relative) order valu

Where the residuals measure the difference between the sotlgion obtained by applying the polynomial
model and the corresponding order location measuremerttsedname.

10.2.4 Parameters

parameter

alias

default

uves_cal_orderpos.preproc.use_guess_
uves_cal_orderpos.preproc.radx
uves_cal_orderpos.preproc.rady
uves_cal_orderpos.preproc.mmethod
uves_cal_orderpos.preproc.backsubgrid
uves_cal_orderpos.preproc.backsubradi
uves_cal_orderpos.preproc.backsubkap
uves_cal_orderpos.preproc.backsubdeg
uves_cal_orderpos.preproc.backsubdeg
uves_cal_orderpos.hough.samplewidth
uves_cal_orderpos.hough.minslope
uves_cal_orderpos.hough.maxslope
uves_cal_orderpos.hough.sloperes
uves_cal_orderpos.hough.norders
uves_cal_orderpos.hough.pthres
uves_cal_orderpos.trace.tracestep
uves_cal_orderpos.trace.maxthresh
uves_cal_orderpos.trace.minthresh
uves_cal_orderpos.trace.lowerthresh
uves_cal_orderpos.trace.traceiter
uves_cal_orderpos.trace.tracelength
uves_cal_orderpos.trace.maxgap
uves_cal_orderpos.reject.maxrms
uves_cal_orderpos.reject.defpoll
uves_cal_orderpos.reject.defpol2
uves_cal_orderpos.reject.kappa

alise _guess_tab)
radx
rady
mmethod
backsubgrid
udacksubradiusy
bdnacksubkappa
X backsubdegx
y backsubdegy
samplewidth
minslope
maxslope
sloperes
norders
pthres
tracestep
maxthresh
minthresh
lowerthresh
traceiter
tracelength
maxgap
maxrms
defpoll
defpol2

kappa

1

2

1
median
50

2
4.0
2

2

50
0.0
0.2
120
0
0.2
10
0.6
0.2
0.75
3
0.9
0.2
100.0
-1

-1
6.0

10.3 uves_cal _mbias

The recipe uves_cal_mbias computes a master bias frame.
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10.3.1 Input

/path_raw/uves_bias_redl.fits BIAS_RED
/path_raw/uves_bias_red2.fits BIAS_RED
/path_raw/uves_bias_red3.fits BIAS_RED
/path_raw/uves_bias_red4.fits BIAS_RED
/path_raw/uves_bias_red5.fits BIAS_RED

10.3.2 Output

default recipe file name format PRO.CATG short description
masterbias_red.fits 2d (pix-pix) image| MASTER_BIAS_RED| master bias frame

10.3.3 Quiality control

The recipe computes the following QC parameters:

QC.DUTYCYCL Time to store a frame
QC.OUT1.RON.RAW Read noise frame in ADU
QC.OUT1.RON.MASTER Read noise frame in ADU
QC.OUTL.STRUCTY Structure in Y
QC.OUT1.STRUCTX Structure in X

10.3.4 Parameters

There are no recipe specific input parameter for uves_cahsnb

parameter alias default
uves_cal_mbias.clean_trapslean_traps TRUE

10.4 uves_cal_mdark

The recipe uves_cal_mdark computes a master dark frame.

10.4.1 Input

/path_raw/uves_dark redl.fits DARK_RED
/path_raw/uves_dark_red2.fits DARK_RED
/path_raw/uves_dark red3.fits DARK_RED
/path_raw/masterbias_redl.fits MASTER_BIAS REDL
/path_raw/masterbias_redu.fits MASTER_BIAS REDU
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10.4.2 Output
default recipe file name format PRO.CATG short description

masterdark_redl.fits
masterdark_redu.fits

2d (pix-pix) image
2d (pix-pix) image

MASTER_DARK_REDL
MASTER_DARK_REDU

master dark frame
master dark frame

10.4.3 Quiality control

The pipeline monitors the number of coadded frames (PROADKTOM). DFO trend the dark median level
(PRO.DATAMED).

QC.DATANCOM
PRO.DATAMED
QC.REGIj.MIN
QC.REGI|.MAX
QC.REGI|.AVG
QC.REGI|.MED
QC.REGIj.RMS
QC.REG.MIN.MIN
QC.REG.MIN.MAX
QC.REG.MIN.AVG
QC.REG.MIN.MED
QC.REG.MIN.RMS
QC.REG.MAX.MIN
QC.REG.MAX.MAX
QC.REG.MAX.AVG
QC.REG.MAX.MED
QC.REG.MAX.RMS
QC.REG.AVG.MIN
QC.REG.AVG.MAX
QC.REG.AVG.AVG
QC.REG.AVG.MED
QC.REG.AVG.RMS
QC.REG.MED.MIN
QC.REG.MED.MAX
QC.REG.MED.AVG
QC.REG.MED.MED
QC.REG.MED.RMS
QC.REG.RMS.MIN
QC.REG.RMS.MAX
QC.REG.RMS.AVG
QC.REG.RMS.MED
QC.REG.RMS.RMS

Number of coadded frames
Median frame level

Min of region i j of sizebox_sx x box_sy
Max of region i j of sizebox_sxx box_sy
Mean of region i j of sizéox_sx x box_sy
Median of region i j of sizdbox_sxx box_sy
Rms of region i j of sizédbox_sx x box_sy

Min of all region Mins

Max of all region Mins
Mean of all region Mins
Median of all region Mins
Rms of all region Mins

Min of all region Maxs

Max of all region Maxs
Mean of all region Maxs
Median of all region Maxs
Rms of all region Maxs
Min of all region Means
Max of all region Means
Mean of all region Means
Median of all region Means
Rms of all region Means
Min of all region Medians
Max of all region Medians
Mean of all region Medians
Median of all region Medians
Rms of all region Medians
Min of all region Rms

Max of all region Rms
Mean of all region Rms
Median of all region Rms
Rms of all region Rms
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10.4.4 Parameters
parameter alias default
uves_cal_mdark.reg.num_x | num_x 4
uves_cal_mdark.reg.num_y | num_y 4
uves_cal_mdark.reg.box_sx | box_sx 100
uves_cal_mdark.reg.box_sy | box_sy 100
uves_cal_mdark.reg.border_sxorder_sx| 100
uves_cal _mdark.reg.border_syborder_sy| 100
uves_cal_mdark.reg.when | when 0

10.5 flames_cal_mkmaster

The recipe flames_cal_mkmaster computes the master sfitsfiaes.

10.5.1 Input

/path_raw/uves_flat_setl redl.fits
/path_raw/uves_flat_setl red?2.fits
/path_raw/uves_flat_setl red3.fits
/path_raw/uves_flat_set2 red1l.fits
/path_raw/uves_flat_set2 red2.fits
/path_raw/uves_flat_set2 red3.fits
/path_raw/uves_flat_set3 red1l.fits
/path_raw/uves_flat_set3 red?2.fits
/path_raw/uves_flat_set3 red3.fits

FLAT_RED
FLAT_RED
FLAT_RED
FLAT_RED
FLAT_RED
FLAT_RED
FLAT_RED
FLAT_RED
FLAT_RED

/path_pro/masterbias_redl.fits MASTER_BIAS REDL
/path_pro/ordertable_redl.fits ORDER_TABLE_REDL
/path_pro/masterbias_redu.fits MASTER_BIAS REDU
/path_pro/ordertable_redu.fits ORDER_TABLE_REDU

10.5.2 Output

default recipe file name

format

PRO.CATG

short description

masterflat_setl_redl.fits
masterflat_bkg_setl redl.fit
masterflat_set2_redl.fits
masterflat_bkg_set2_redl.fit
masterflat_set3_redl.fits
masterflat_bkg_set3 redl.fit
masterflat_setl redu.fits
masterflat_bkg_setl redu.fi

2d (pix-pix) image
5 2d (pix-pix) image
2d (pix-pix) image
5 2d (pix-pix) image
2d (pix-pix) image
5 2d (pix-pix) image
2d (pix-pix) image
1s2d (pix-pix) image

MASTER_SFLAT_REDL
BKG_SFLAT_REDL
MASTER_SFLAT REDL
BKG_SFLAT_REDL
MASTER_SFLAT REDL
BKG_SFLAT REDL

MASTER_SFLAT_REDU

BKG_SFLAT_REDU

master flat frame
background of master flat fram
master flat frame
background of master flat fram
master flat frame
background of master flat fram
master flat frame
background of master flat fram
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masterflat_set2_redu.fits 2d (pix-pix) image| MASTER_SFLAT_REDU| master flat frame

masterflat_bkg_set2_redu.fits2d (pix-pix) image| BKG_SFLAT _REDU background of master flat frame
masterflat_set3_redu.fits 2d (pix-pix) image| MASTER_SFLAT_REDU| master flat frame
masterflat_bkg_set3 redu.fits2d (pix-pix) image| BKG_SFLAT _REDU background of master flat frame

10.5.3 Quiality control

The pipeline monitors the number of coadded frames (PROADXIOM). Additional quality control informa-
tion is monitored by DFO and can be foundmatw.eso.org/qc

10.5.4 Parameters

parameter alias default
uves_cal_mflat.backsub.mmethpdbacksub.mmethod median
uves_cal_mflat.backsub.npoints| backsub.npoints | 82
uves_cal_mflat.backsub.radiusy| backsub.radiusy | 2
uves_cal _mflat.backsub.sdegreé backsub.sdegree | 1
uves_cal_mflat.backsub.smoothixbacksub.smoothx| -1.0
uves_cal_mflat.backsub.smoothybacksub.smoothy| -1.0

10.6 flames_cal prep_sff ofpos

The recipe uves_cal_prep_sff_ofpos is used to determiadiltihe order table and construct several frames
needed to extract a science fibre frame.

10.6.1 Input

/path_raw/flames_uves_odd_red.fits FIB_FF_ODD_RED
/path_raw/flames_uves_even_red.fits FIB_FF_EVEN_RED
/path_raw/flames_uves_all red.fits FIB_FF_ALL RED

/path_pro/masterbias_redl.fits MASTER_BIAS_REDL
/path_pro/ordertable_redl.fits FIB_ORD_GUE_REDL
/path_pro/masterflat_setl redl.fits MASTER_SFLAT_RED L
/path_pro/masterflat_set2_redl.fits MASTER_SFLAT_RED L
/path_pro/masterflat_set2_redl.fits MASTER_SFLAT_RED L
/path_pro/masterbias_redu.fits MASTER_BIAS REDU
/path_pro/ordertable_redu.fits FIB_ORD_GUE_REDU
/path_pro/masterflat_setl redu.fits MASTER_SFLAT RED U
/path_pro/masterflat_set2_redu.fits MASTER_SFLAT_RED U
/path_pro/masterflat_set2_redu.fits MASTER_SFLAT_RED U
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10.6.2 Output
default recipe filename format PRO.CATG short description
xt_odd_| table FIB_FF_ODD_INFO_TAB | info table
xt_even_| table FIB_FF_EVEN_INFO_TAB | info table
xt_all_| table FIB_FF_ODD_INFO_TAB | info table
slitff_common_redl cube SLIT_FF_COM_REDL slitff common frame
slitff_norm_red| image SLIT_FF_NOR_REDL slitff common frame
slitff_dtc_redl cube SLIT_FF_DTC_REDL slitff data frame
slitff_bpc_redl cube SLIT_FF_BPC_REDL slitff badpixel frame
slitff_sgc_redl cube SLIT_FF_SGC_REDL slitff sigma frame
slitff_bnc_redl iper-cube| SLIT_FF BNC_REDL slitff bound frame
fibff_common_red| iper-cube| FIB_FF_COM_REDL fibff common frame
fibff_norm_redl cube FIB_FF_NOR_REDL fibff common frame
fibff_dtc_red| cube FIB_FF_DTC_REDL fibff data frame
fibff_bpc_redl cube FIB_FF BPC REDL fibff badpixel frame
fibff_sgc_redl cube FIB_FF_SGC_REDL fibff sigma frame
fib_ordef _redl table FIB_ORDEF_TABLE_REDL| fibre order table
slitff_common_redu | cube SLIT_FF_COM_REDU slitff common frame
slitff_norm_redu image SLIT_FF_NOR_REDU slitff common frame
slitff_dtc_redu cube SLIT_FF_DTC_REDU slitff data frame
slitff_bpc_redu cube SLIT_FF_BPC_REDU slitff badpixel frame
slitff_sgc_redu cube SLIT_FF_SGC_REDU slitff sigma frame
slitff_bnc_redu iper-cube| SLIT_FF_BNC_REDU slitff bound frame
fibff_common_redu iper-cube| FIB_FF _COM_REDU fibff common frame
fibff_norm_redu cube FIB_FF_NOR_REDU fibff common frame
fibff_dtc_redu cube FIB_FF DTC_REDU fibff data frame
fibff_bpc_redu cube FIB_FF_BPC_REDU fibff badpixel frame
fibff_sgc_redu cube FIB_FF_SGC_REDU fibff sigma frame
fib_ordef_redu table FIB_ORDEF_TABLE_REDU, fibre order table
10.6.3 Quality control
10.6.4 Parameters
parameter alias default
flames_cal_prep_sff ofpos.ext_methgdext_method | opt
flames_cal_prep_sff_ofpos.bias_methodias_method M
flames_cal_prep_sff ofpos.bias_value bias_value | 200
flames_cal_prep_sff_ofpos.filter_switghfilter_switch | none
flames_cal_prep_sff ofpos.sat_thr sat_thr 55000
flames_cal_prep_sff_ofpos.fileprep | fileprep TRUE
flames_cal_prep_sff _ofpos.cubify cubify TRUE
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10.7 flames_cal wavecal

The recipe flames_cal_wavecal is used to determine the sayidl dispersion coefficients and construct a
wavelength calibration table.

10.7.1 Input

/path_raw/flames_uves_arc_lamp_red.fits FIB_ARC_LAMP _RED
/path_pro/ordertable_redl.fits FIB_ORDEF_TABLE_REDL
/path_pro/lineguesstable_redl.fits FIB_LIN GUE_REDL
/path_pro/gue5800l1relxl.fits FIB_LIN_GUE_REDL
/path_pro/ordertable_redu.fits FIB_ORDEF_TABLE_REDU
/path_pro/lineguesstable_redu.fits FIB_LIN_GUE_REDU
/path_pro/gue58001rmi1x1.fits FIB_LIN_ GUE_REDU
/path_ref/thargood_3.fits LINE_REFER_TABLE

10.7.2 Output

default recipe file name format | PRO.CATG short description
linetable_redl.fits table | FIB_LINE_TABLE_REDL | line table
linetable_redu.fits table | FIB_LINE_TABLE_REDU | line table

The output line table(s), LINE_TABLE_REDL, LINE_TABLE_RBRJ contains the columns

X Horizontal position (from Gaussian fit) of detected line

dX Uncertainty (one sigma) of X

XWidth Width (in pixels) of detected line (from Gaussian fit)

Y Relative order number of detected line

Peak Intensity of detected line

Background Fitted background (ADU) of detected line

Slope Linear background slope (ADU/pixel) of detected line

Order Relative order number of detected line

AbsOrder Absolute order number of detected line

Ynew Vertical position of detected line

WaveC Wavelength of this line (computed using the resulting
dispersion relation)

dLambdaC Uncertainty (one sigma) of 'WaveC'.

Pixel The local dispersion in A/pixel.

Residual Residual (in A) of this line

Residual_pix Residual (in pixels) of this line

Lambda_candidate Nearest line in catalogue

dLambda_cat_sq | Squared distance to nearest catalogue line

dLambda_nn_sq | Squared distance to nearest neighbour multiplied by ALPHA

Ident The wavelength associated with this emission line,
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dident Uncertainty of catalogue wavelength

Select 1 if the line was identified, 0 otherwise

NLinSol 1 if the line was identified and accepted for the
polynomial fit, O otherwise

Intensity Intensity of detected line scaled to unit exposure

is provided.)

or NULL if this line was not identified.

time. (This column is present only if a LINE_INTMON_TABL

The 2nd table extension contains the dispersion relatiotherformp(x,m) = X - m, wherem is the order
number. The 3rd table extension contains the map from (ppigel)-space to physical order numbers (used

internally by the calibration recipe, a 2d polynomial on foem p(z,y) = m).

If there is more than one extraction window (default is 3 tlsults of each calibration is stored in subsequent
table extensions of the same FITS file. For example, extaagip5 and 6 would contain the resulting line table
(and its two associated polynomials) for the second extnaetindow. The results for the calibration of the n'th

extraction window is stored in extensions (3*n - 2) to 3*n.

The offset of the extraction window is stored in the FITS keyavlike “HISTORY OFFSET -7.5". The corre-
sponding window number (counting from 1) is stored in keysgolike “HISTORY WINDOW 3”

The polynomials are stored in table extensions as in the pleam

Orderl| Order2| Coeff
-1 -1 a0
-1 -1 al
-1 -1 az2
-1 -1 b0
-1 -1 bl
-1 -1 b2
0 0 c00
0 1 c01
0 2 c02
1 0 cl0
1 1 cll
1 2 cl2
2 0 c20
2 1 c21
2 2 c22

The third column contains the polynomial coefficients cep@nding to the degree defined by the two first
columns. The six first table rows defines a linear transfoionavf the dependent and independent variables.
For example the table shown represents the polynomikfined by

(p(z,y) — ao)/bo = q((x — a1) /b1, (y — a2)/b2)
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and

The linear transformation of the three variables was intoedl in order to ensure numerical stability in the

polynomial fitting routine.

10.7.3 Quality control

2 2
q(z,y) = Z Zcijwiyj

i=0 j=0

The recipe computes the following quality control paramsete

QC.FWHMAVG
QC.FWHMRMS
QC.FWHMMED
QC.RESOLAVG
QC.RESOLRMS
QC.RESOLMED
QC.LINE.RESIDAVG
QC.LINE.RESIDRMS
QC.WLENMIN
QC.WLENMAX
QC.ORDMIN
QC.ORDMAX
QC.NLINTOT
QC.NLINSEL
QC.NLINRES1
INS.SLIT3.WID
INS.GRAT2.WLEN
INS.TEMP2.MEAN
QC.NHOTPIX
QC.PLATENO
QC.FIB8.DRSNO
QC.FIB8.SEQ
QC.FIB8.POS
QC.FIB8.MSK
QC.FIB8.FWHMAVG
QC.FIB8.FWHMRMS
QC.FIB8.FWHMMED
QC.FIB8.RESOLAVG
QC.FIB8.RESOLRMS
QC.FIB8.RESOLMED

QC.FIB8.LINE.RESIDAVG
QC.FIB8.LINE.RESIDRMS

Average FWHM of lines selected

Standard deviation of FWHM of selected lines

Median FWHM of selected lines

Average resolving power of selected lines

Standard deviation of the resolving power of selected lines

Median resolving power of selected lines
Mean of residuals of line positions to fit
Sigma of residuals of line positions to fit
Minimum wavelength of detected order
Maximum wavelength of detected order

Minimum order number detected
Maximum order number detected

Total number of lines found on the frame

Number of selected lines

Number of lines with residuals < 0.1 nm

8

8

23.3773

1

5.28

0.7600
5.2542
48299.3577
4996.5595
48972.5171
-0.0000
0.1596
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QC.FIB8.WLENMIN 475.6704
QC.FIB8.WLENMAX 576.3529
QC.FIB8.ORDMIN 106
QC.FIB8.ORDMAX 128
QC.FIB8.NLINTOT 1535
QC.FIB8.NLINSEL 676
QC.FIB8.NLINSOL 572
QC.FIB8.NLINRES1 676

The line FWHMSs and the corresponding resolving power aresmea along the dispersion direction (see also
Figure??). The residuals measures the differences between theasofuam the polynomial fit model and the
corresponding line positions found on the arc lamp frame @so Figure??).

10.7.4 Parameters

parameter alias default
flames_cal_wavecal.nwindows nwindows 3
flames_cal_wavecal.length length -1
flames_cal_wavecal.offset offset 0.0
flames_cal_wavecal.extract.method extract.method average
flames_cal_wavecal.extract.kappa extract.kappa 10.0
flames_cal_wavecal.extract.chunk extract.chunk 32
flames_cal_wavecal.extract.profile extract.profile auto
flames_cal_wavecal.extract.skymethod | extract.skymethod| optimal
flames_cal_wavecal.extract.oversample | extract.oversample 5
flames_cal_wavecal.extract.best extract.best TRUE
flames_cal_wavecal.search.range range 8
flames_cal_wavecal.search.minlines minlines 0
flames_cal_wavecal.search.maxlines maxlines 0
flames_cal_wavecal.search.centeringmethagnteringmethod | gaussian
flames_cal_wavecal.first.shiftmax shiftmax 10.0
flames_cal_wavecal.first.shiftstep shiftstep 0.1
flames_cal_wavecal.first.shifttoler shifttoler 0.05
flames_cal_wavecal.identify.alpha alpha 0.1
flames_cal_wavecal.identify.maxerror maxerror 20.0
flames_cal_wavecal.identify.degree degree 4
flames_cal_wavecal.calibrate.tolerance | tolerance 0.6
flames_cal_wavecal.rebin.wavestep rebin.wavestep -1.0
flames_cal_wavecal.rebin.scale rebin.scale FALSE

10.8 flames_obs_scired

This recipe reduces a science fiber frame.
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10.8.1 Input

/path_raw/flames_uves_science_red.fits FIB_SCI_RED

/path_pro/slitff_com_redl.fits
/path_pro/slitff_nor_redl.fits
/path_pro/slitff_dtc_redl.fits
/path_pro/slitff_bpc_redl.fits
Ipath_pro/slitff_sgc_redl.fits
/path_pro/fibff_com_redl.fits
/path_prof/fibff_nor_redl.fits
/path_prof/fibff_dtc_redl.fits
/path_pro/fibff_bpc_redl.fits
/path_prof/fibff_sgc_redl.fits
/path_pro/fibff_bnc_redl.fits
/path_prof/fib_ordef_redl.fits
/path_pro/slitff_com_redu.fits
/path_pro/slitff_nor_redu.fits
/path_pro/slitff_dtc_redu.fits
/path_pro/slitff_bpc_redu.fits
/path_pro/slitff_sgc_redu.fits
/path_pro/fibff_com_redu.fits
/path_prof/fibff_nor_redu.fits
/path_pro/fibff_dtc_redu.fits
/path_prof/fibff_bpc_redu.fits
/path_pro/fibff_sgc_redu.fits
/path_prof/fibff_bnc_redu.fits
/path_pro/fib_ordef_redu.fits

10.8.2 Output

SLIT_FF_COM_REDL
SLIT_FF_NOR_REDL
SLIT_FF_DTC_REDL
SLIT_FF_BPC_REDL
SLIT_FF_SGC_REDL

FIB_FF_COM_REDL

FIB_FF_NOR_REDL

FIB_FF_DTC_REDL

FIB_FF_BPC_REDL

FIB_FF_SGC_REDL

FIB_FF_BNC_REDL

FIB_ORDEF_TABLE_REDL

SLIT_FF_COM_REDU
SLIT_FF_NOR_REDU
SLIT_FF_DTC_REDU
SLIT_FF_BPC_REDU
SLIT_FF_SGC_REDU

FIB_FF_COM_REDU

FIB_FF_NOR_REDU

FIB_FF_DTC_REDU

FIB_FF_BPC_REDU

FIB_FF_SGC_REDU

FIB_FF_BNC_REDU

FIB_ORDEF_TABLE_

REDU

default recipe file name format

PRO.CATG

short description

fxb_|_rawO000i
wfxb_|_raw000i
fxb_|_rawsig000i
wfxb_|_rawsig000i
mwfxb_|_rawsig000i
fxb_|_000i
wfxb_I_000i
fxb_|_sig000i
wfxb_|_sig000i
mwfxb_I_sig000i
fxb_u_raw000i
wfxb_u_raw000i
fxb_u_rawsig000i
wfxb_u_rawsig000i
mwfxb_u_rawsig000i
fxb_u_000i

wfxb_u_000i

2d (pix-ord) image
2d (wav-ord) image
2d (pix-ord) image
2d (wav-ord) image
1d (wav) image

2d (pix-ord) image
2d (wav-ord) image
2d (pix-ord) image
2d (wav-ord) image
1d (wav) image

2d (pix-ord) image
2d (wav-ord) image
2d (pix-ord) image
2d (wav-ord) image
1d (wav) image

2d (pix-ord) image
2d (wav-ord) image

XB_SCI_RAW_REDL
WXB_SCI_RAW_REDL
ERR_XB_SCI_RAW_REDL
ERR_WXB_SCI_RAW_REDL
MWXB_SCI_RAW_REDL
XB_SCI_REDL
WXB_SCI_REDL
ERR_XB_SCI_REDL
ERR_WXB_SCI_REDL
MWXB_SCI_REDL
XB_SCI_RAW_REDU
WXB_SCI_RAW_REDU
ERR_XB_SCI_RAW_REDU
ERR_WXB_SCI_RAW_REDU
MWXB_SCI_RAW_REDU
XB_SCI_REDU
WXB_SCI_REDU

extracted, flatfielded raw frame

rebinned, extracted, flatfielded raw frame

error frame

error frame

merged, rebinned, extracted, flat fielded raw fra
extracted, flatfielded raw frame

rebinned, extracted, flatfielded raw frame

error frame

error frame

merged, rebinned, extracted, flat fielded raw fra
extracted, flatfielded raw frame

rebinned, extracted, flatfielded raw frame

error frame

error frame

merged, rebinned, extracted, flat fielded raw frai
extracted, flatfielded raw frame

rebinned, extracted, flatfielded raw frame

me
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fxb_u_sig000i 2d (pix-ord) image | ERR_XB_SCI_REDU error frame
wfxb_u_sig000i 2d (wav-ord) image| ERR_WXB_SCI_REDU error frame
mwfxb_u_sig000i 1d (wav) image MWXB_SCI_REDU merged, rebinned, extracted, flat fielded raw frame

10.8.3 Quality control

The recipe computes the folowing quality control parangeiethe FITS header of the reduced frame.

10.8.4 Parameters

parameter alias default
flames_obs_scired.ext_method ext_method opt
flames_obs_scired.cor_max_fnd cor_max_fnd Y
flames_obs_scired.cor_def_rng cor_def_rng 6
flames_obs_scired.cor_def pnt cor_def pnt 25
flames_obs_scired.cor_def_off cor_def_off 0.0
flames_obs_scired.bias_method bias_method -1.0
flames_obs_scired.bias_value bias_value optimal
flames_obs_scired.cubify _sw cubify_sw 10.0
flames_obs_scired.filt_sw filt_sw 32
flames_obs_scired.bkg_max_io_win | bkg_max_io_win auto
flames_obs_scired.bkg_xy win_sz_x | bkg_xy_win_sz_x optimal
flames_obs_scired.bkg_xy win_sz y | bkg_xy win_sz vy 5
flames_obs_scired.pixel_thresh_max | pixel_thresh_max TRUE
flames_obs_scired.pixel_thresh_min | pixel_thresh_min -1.0
flames_obs_scired.input_fmt_cube input_fmt_cube TRUE
flames_obs_scired.output_fmt_cube | output fmt _cube 0.0
flames_obs_scired.drs_k_s_thre drs_k_s_thre -1.0
flames_obs_scired.drs_base_name drs_base_nam extract
flames_obs_scired.drs_maxyshift drs_maxyshift FALSE
flames_obs_scired.drs_ext w_siz drs_ext_w_siz -1.0
flames_obs_scired.reduce.rebin.wavestepduce.rebin.wavestep-1.0
flames_obs_scired.reduce.rebin.scale | reduce.rebin.scale FALSE
flames_obs_scired.merge merge optimal

10.9 flames_obs_redchain

10.9.1 Input

/path_raw/uves_bias_red1.fits BIAS_RED
/path_raw/uves_bias_red?2.fits BIAS RED
/path_raw/uves_bias_red3.fits BIAS_RED
/path_raw/uves_bias_red4.fits BIAS_RED
/path_raw/uves_bias_red5.fits BIAS RED
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/path_raw/uves_dark_red1.fits DARK_RED
/path_raw/uves_dark_red2.fits DARK_RED
/path_raw/uves_dark_red3.fits DARK_RED

/path_pro/uves flat setl redl.fits SFLAT_RED

/path_pro/uves_flat _setl red?2.fits SFLAT_RED

/path_pro/uves flat setl reda3.fits SFLAT_RED

/path_pro/uves_flat set2_redl.fits SFLAT_RED

/path_pro/uves_flat _set2 red2.fits SFLAT_RED
/path_pro/uves_flat_set2 reda3.fits SFLAT_RED

/path_pro/uves_flat set3 redl.fits SFLAT_RED

/path_pro/uves_flat set3 red2.fits SFLAT_RED

/path_pro/uves_flat set3 red3.fits SFLAT_RED
/path_raw/flames_uves_arc_form_red.fits FIB_ARC_FORM _RED
/path_raw/flames_uves_oflat_red.fits FIB_ORDER_FLAT_ RED
/path_raw/flames_uves_odd red.fits FIB_FF_ODD_RED
/path_raw/flames_uves_even_red.fits FIB_FF_EVEN_RED
/path_raw/flames_uves_all red.fits FIB_FF_ALL RED
/path_raw/flames_uves_arc_lamp_red.fits FIB_ARC_LAMP _RED
/path_raw/flames_uves_science_red.fits FIB_SCI_RED
/path_ref/thargood_3.fits LINE_REFER_TABLE

10.9.2 Output

This recipe generates all the products described for théqare recipes.

10.9.3 Quality control

This recipe generates all the quality control parametessrileed for the previous recipes.

10.9.4 Parameters

This recipe is controlled by all the data reduction paramsedéthe previously described recipes. The additional
parametescired (default value is TRUE) switches on/off the execution of It step (science data reduction).
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11 Algorithms and recipe details

In this section we describe the main algorithms implemertethe UVES pipeline recipes. Relevant data
reduction parameters are typeddald face. For convenience we omit the common prefies.

11.1 Algorithms
11.1.1 Error model

The pipeline does full error propagation by using the erroppgation formula and making the usual assumption
about Gaussian error bars. The initial error bars forittiepixel are defined as

o; = \/g(C@ADU —b;) +ron?+ (g% —1)/12, QD

whereC; 4py is the flux in analog-to-digital unitdy; is the master bias level andandron are the detector
gain and read-out noise as defined in the FITS header.

11.1.2 Frames preparation

This data reduction step prepares frames read from diskdagei by the following steps. Its input may be a
single frame or a set of frames. For each indicated frame nevo frames are created, a variance frame and a
bad-pixel mask frame, with suffixes _sigma.fits and _maskiheir names are written into the FITS keywords
SIGMAFRAME andBADPXFRAME of the input frame.

If the BADPXFRAME keyword is defined, it is assumed to contain the name of a gebead-pixel frame to
be used as a first guess (i. e. known detector blemishes). iffpan frame contains BADPXFRAME FITS
keyword, this is assumed to contain the name of a first guabpidal frame to be used for that specific frame.
If both the FITS keyword8BADPXFRAME and BADPXFRAME are defined, the corresponding bad-pixel
frames are merged.

Moreover, two additional methods to detect and flag bad piaet provided: recursive median filtering and
clipping of values out of a given validity interval.

If recursive median filtering is enabled setting the paramfdter _switch to median, for each pixel the median
of the good pixels in a neighbourhood defined by xheidth andy_width parameters is computed and if the
pixel value differs by more thakappa_sigma_thregimes the computed sigma, the pixel is flagged as bad. This
procedure is iterated until no new bad pixels are detectekilé/this procedure is very effective at pinpointing
bad pixels, it is also computationally intensive, and theig/\time consuming. For this reason it is disabled by
default.

If the apply_cuts_switchis setto YES, each pixel is compared with the validity inédprovided by théow cut
andhigh_cut parameters and any pixels outside this interval are flaggdxhd. This is meant to quickly catch
saturated pixels and/or bad values due to electronics. Ttsengust be chosen keeping in mind whether the
input frame was already bias-subtracted or not, and leageginallowance for normal noise, in order not to
cause a spurious mass rejection of pixels.
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The final bad pixel mask will thus be the merged set of all baglpidetected by any means, or previously
marked as such in a user-defined bad pixel frame whose namasgsjwere) set in thBADPXFRAME key-
word.

11.1.3 Bad pixel map determination

The location of the traps and dead columns on the CCD chip amped according to the instrument setting
(wave, bin, CCD chip), as determined by examining the tetaptaage given. In addition, all pixels above the
given saturation threshold are marked as bad. With thigiimtion a bad-pixel image is created, that will be
used in the following data reduction to mask appropriatef/tiad pixels.

11.1.4 Fibre order tracing

This data reduction step finds all “traces” in a set of fibrefileid frames, in which lit fibres do not overlap,
typically an even and an odd fibres frame. Tie tracesparameter, if set, forces the software to detect exactly
this number of traces.

The traces are found using the Hough transform techniqueimpoove robustness of the wavelength cali-
bration and the extraction in different settings we havevagies ofSCAN keyword with the FITS keywords
DRS_SCAN_MIN (set to 55,73,73) anBRS_SCAN_MAX (set to 1993,1975,1975) to prevent the case in
which it could be detected very small portion of fibres in thve torners in the bottom right hand side or in the
top right hand side of the detector.

While sensible defaults are provided for them, some of tlevalparameters can be given on the command line
and are passed along unchanged, but it is strongly advisaebtd changing them if their meaning is not clear
to the user.

These traces are then correlated with the order positiams the first guess order table, and labelled according
to order and fibre number as deduced fromEBREMASK keyword in the fibre flat field frames.

The orders are then fitted with a polynomial of degrees aseldfiimtheDEFPOL keyword, assuming constant
relative positions of the fibres. The polynomial coefficgeate stored in th€ OEFFD descriptor of the output
order-fibre table, while the relative position of the fibree atored in thecFIBREPOS FITS keyword of the
same table.

11.1.5 Background determination

This data reduction step takes as input the order table tfgegable raworder.fits created by flames_cal_predict
to create a table of positions where the scattered-lightdracind may be computed, in regions not illuminated
by any fibre.

The user is advised to recreate the background table uséngrtter-fibre table from the flames_cal_prep_ofpos
recipe before starting optimal (standard) extraction. émeayal, when a background table and an order-fibre
table are required for a DRS command, it is considered goadtipe to freshly create the background table
using the same order-fibre table to be subsequently used.
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11.1.6 Measure of flat part size of Slit frames

Finds theFWHM acrossy of the illuminated part of a slit flat-field frame near framenta, finds the offsety
shift) of the order centres in this frame with respect to ongiesitions as traced by the order table, and writes
these data as keywordsSHIFT andHALFWIDTH of the input slit flat-field frame.

11.1.7 Slit frames preparation

This command takes a set of calibration slit flat-field fraifeg$east 2 frames), ordered by Y shift and rescaled in
intensity so that each frame intensity is the same as the fathe previous adjacent one where the two overlap,
and creates a new, minimal set of slit flat-field frames plieeotuxiliary frames (normalization, boundary
data) used by subsequent DRS commands. On each input diilledrame, theHALFWIDTH andYSHIFT
descriptors should be set, defining respectively the halftwof the flat part of the orders and the offset between
the order centres in this frame and the order centres agitiacthe order-fibre table (sdd.1.9.

Of course, for relative equalisation to be possible, eaamé&musthave some overlap with the neighbouring
ones in the set.

11.1.8 Fiber frames preparation

Takes as input the same odd/even fibre flat-field frames whae wsed for order-fibre detection, normalizes
them (each fibre is normalised to 1 integrated flux at eapbsition), and selects only fibres falling within the
region illuminated in the slit flat-field frames, to createewnset of odd/even fibre flat-field frames plus other
auxiliary frames (normalization, fibre boundaries) usedsblgsequent DRS commands. Any bad pixels in the
input fibre flat-fields are filled with interpolated valuespdssible. Each fibre is then correlated with a Gaussian
centred at the position traced by the order-fibre table, wittariable offset.

The variabley offset is allowed to span the interval betwe®tAXYSHIFT and+MAXYSHIFT .

The half width at half maximum of the Gaussian pseudo-fibsegad from thaSAUSSFIBRESIGMA key-
word, and their total half width is read from tl@AUSSHALFWIDTH keyword.

The offset corresponding to the maximum correlation is davedescriptors, to be used as a “zero-point”
correction for fibre asymmetry when measuring actual fibfeet$é on other frames. For this correction to be
effective, subsequent correlations are forced to use tine €aussian parameters (i.@AUSSFIBRESIGMA
andGAUSSHALFWIDTH ) which were used here.

11.1.9 Fiber frames normalization

This command performs an optimal or standard (accordindh¢éovialue chosen for the parametaethod)
spectrum extraction on the all-fibre flat-field frame.

e First, if the BKGFITINLINE keyword is set to “yes” (as it is by default), a polynomial kgound is
fitted to the positions in thback_table and subtracted from thall_fibre_ff frame. For more details
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about how this is done and which keywords control it. SetB#gGFITINLINE to “no” disables inline
background fitting and subtraction.

e Then the y-axis shift of the orders/fibres in th# fibre ff frame is found by correlating the frame
with a synthetic one composed of Gaussian-shaped pseuds-fibntred on the positions traced by the
order-fibre table, with a variable offset in the directiomgendicular to dispersion. The maximum of said
correlation is found, and the corresponding offset is aig for the “zero-point” shift. Thig offsets are
saved as a descriptor call®¥&HIFT in the science frame. The correlation step can be disableegtbiyng
the max_shift parameter to zero or, equivalently, setting to zeroNXYSHIFT keyword and leaving
the max_shift parameter blank. In this case, the values already contamee YSHIFT descriptor are
used.

e The normalised fibre flat-field frames are then shifted todthrem to coincidence with the above offset
and are multiplied by the slit flat-field frames to approximdibre flat-field frames exactly matching
the all-fibre flat-field frame. These frames are used to perfan optimal or standard extraction on the
science frame, including a deconvolution of adjacent filttes deconvolution coefficients are computed
directly from the odd/even fibre flat-fields).

e The extracted “spectra” are saved to be later used as elativmalisation factors between fibres in the
subsequent extraction of science frames.

11.1.10 Fiber frames extraction

This data reduction step performs an optimal or standardhabspectrum extraction. Are supported three
modes: “normal” éxtract=opt/sta), the one suggested to the user; “fasttract=fop/fst), which uses input slit
flat fields to clean the fibre PSFs but skips the steps of Y-deiférmination and compensation (see below), a
bit faster than “normal”; “quick” éxtract=qop/gst) which does not uses the slit flat fields and doesarcdat

for fibre shifts, the fast and less accurate mode.

e Background determination. First, if tiBKGFITINLINE keyword is set to “yes” (as it is by de-
fault),a polynomial background is fitted to the positionstlie back_table and subtracted from the
science_frame For more details about how this is done and which keyworagrobit. SettingBKG-
FITINLINE to “no” disables inline background fitting and subtraction.

e Y-shift determination. Then the y-axis shift of the ordéksés in the science_frame is measured cor-
relating the frame with a synthetic one composed of Gaussiaped pseudo-fibres centred on the po-
sitions traced by the order-fibre table, with a variable etffs;n the direction perpendicular to disper-
sion. The maximum of this correlation function is found ame tcorresponding offset is corrected
for the “zero-point” shift. For robustness, this step coisgs a preliminar correlation function shape
determination and rough search for its maximum. This featan be deactivated by the keyword(s)
DRS_COR_MAX_FND, DRS _COR_DEF _RNGDRS _COR_DEF_PNT Thisy offset is saved as a
FITS keyword calledySHIFT in the science frame. The correlation step can be disablesting the
max_shift parameter to zero or, equivalently, setting to zeroM#XYSHIFT keyword and leaving the
max_shift parameter blank. In this case, the values already contamie YSHIFT FITS keyword are
used.
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e Y-shift correction. The normalised fibre flat-field frameg dhen shifted to bring them to coincidence
with the above offset and multiplied by the slit flat-field fras, to approximate fibre flat-field frames
exactly matching the science frame.

e Extraction. The frames determined as explained above are uked to perform an optimal extraction
on the science frame, including a deconvolution of adjadiémés (the deconvolution coefficients are
computed directly from the odd/even fibre flat-fields).

Notes: Should the correlation step fail to detect a readenabhift, or if speed is of utmost importance, it is
advisable to use standard extraction, disabling the airoel and reducing the integration window to the core
of the fibres only, rather than optimal extraction, to mirsmfibre to fibre contamination, at the price of losing
a considerable fraction of the signal.

In cases of well-behaved set of frames, however, optimahetibn gives the best signal/noise ratio, especially
for faint objects. The calculated spectra are finally wnitte the disk on files in MIDAS format, one set of files
for each illuminated fibre.

The standard extraction includes the deconvolution ofcadjafibres, be them neighbouring fibres of the same
order or the first and last fibre of adjacent orders. The dedation coefficients are computed directly from the
shifted fibre flat-field frames.

Since in the case of fast optimal extraction no attempt as$ aflade to compensate for apyffset of the science
frame with respect to the normalised fibre flat-field frambis mmethod should be selected with some caution.

In cases in which thg offset determination is a problem, the fast extraction shbe used instead, limiting the
integration window to the cores of the fibres to minimize ffeets at the cost of losing a considerable fraction
of the signal.

11.1.11 Fiber frames merging

This command first rebin the extracted spectrum, its vadard its bad-pixel mask.

Then it performs optimal merging of the orders, computingrgpixel in the merged spectrum as a weighted av-
erage of all good pixels available covering its wavelength with weights equal to the inverse of the respective
variances.

Important information is contained in the binary table esiens. The most important information about the
observed object (object id, its magnitude, right ascenaimhdeclination, fiber id) is displaied together with the
reduced spectra using the command plot/uves (see s&Riahpage??).

11.1.12 Interorder background subtraction

Two different methods are used to subtract the scatteratl bigckground:

e Spline method. The input image is sampled at half-integderlocations abacksub.npointsequally
spaced sample points. According to the user defined valubeoparametebacksub.mmethod the
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median or the minimum values computed in a subwindow of hig€iyh backsub.radiusybiny_size + 1).
The window width is given by the distance between the sampsétipns.

After the spline interpolation, the interorder backgrounthge is filtered using an average filter with
radius packsub.smoothx, backsub.smoothy

The spline degree is set by usibgcksub.sdegree Currently, only splines of degree 1 are supported
(i.e. linear interpolation). If thdacksub.mmethodparameter is set to 'no’, no background subtraction
is done.

e Polynomial method. The polynomial method is used in the odidinition recipe because the order
locations, required for the spline method, are not knowihiatinhitial stage.

A low degree 2d polynomial is fitted to a subset of the imagelgiand outlier points (such as the orders
themselves) that have large positive residuals are canmisiy rejected (one-sided kappa-sigma clipping).

The input image is sampled on a regular grid with mask sizege width / backsub.npoints , im-
age_height / backsub.npoints)

After the initial order line detection, the interorder bgound is sampled (at locations separated by
image_width / backsub.npoint$ between the order lines.

11.1.13 Hough transform

The Hough transform is computed by sampling the input imageery column seperated lsamplewidth.

Each echelle order maps to a peak in the Hough image. Aftectiet) a peak, the peak itself and the area
around it are deleted to avoid redetecting the same feature.

The accurate peak locations are calculated as the centrtfi¢ @area around the local maximum in the Hough
space.

The number of order lines to detect is specified by the pammetders. If this parameter is set to zero, the
function will detect lines until the intensity of the nextrchdate drops to below a fractiguthres of the dimmest
line.

An important parameter for the peak removal to work is theofepimate) interorder spacing. This parameter
is estimated as the raw image height divided by the predinteaber of ordersrorders). In automatic mode it

is estimated as the first minimum of the auto-correlatiorcfiom along the column in the Hough image which
contains the global maximum. This fully automatic way ofatting the orders assumes only that the interorder
spacing does not vary too much as function of order number.

Possible order line slopes range froninslopeto maxslopeThe resolution of the slope-axis in Hough space is
defined bysloperes

11.1.14 Order tracing

The parametense_guess_tabalue, defaulted to 1, allow the user to benefit of the infdiamacontained in the
guess order table in a different way:

e 0: No usage.
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e 1: Use the guess order table to set the lower/upper Y rawsendreler are searched.

e 2: The order table try to fully match the guess one.

The order tracing is performed as follows:

e First, all orders are traced in both directions startingrfrine center which is inferred from the solution
of the Hough detection (ifise_guess_talis set to 0), or from the “guess” order table (ife guess_tab
issetto 1 or2).

A Gaussian is fit to the order line at x-positions seperatethbyparametetracestep The trace stops
if the intensity of the order line drops below the threshoédied by theminthresh value in an x-range
determined by the parameteraxgap.

e Then each order is fitted with a straight line, and the entideiois rejected if the RMS is large compared
with the average RMS.

e A global polynomial of automatic degree is fitted to all osleand individual points are rejected us-
ing kappa-sigma clipping. Alternatively, the user can defoolynomial degrees using the parameters
(defpoll, defpol?.

11.1.15 Line Search

A number of emission lines defined by the rangelines-maxlines (both inclusive) is searched for in the
extracted arc lamp spectrum. This is achieved by adjustiegdetection threshold level until an appropriate
number of lines is detected.

A 5-parameters Gaussian fit, including the continuum slipmade if the line peak is above the treshold with
respect to the local interorder background level, whicheiiretd as the median of a window of width (2ahge

+ 1) centered on the current position. Finally, doubletdi(@el as lines with positions within 2.0 pixels) are
removed from the set of detected lines.

11.1.16 Wavelength calibration first solution determinaton

An initial dispersion relation is obtained by fitting theagbn
Axm = f(z,m),

to a guess line table containing associations from (x, m)xe(porder) to wavelengths. Hergis a 2d polyno-
mial.

A systematic x-shift up tehiftmax pixels is recovered by finding the maximum position of thessrgorrelation
function and applying this shift to the inital dispersiodutimn. The resolution of the cross-correlation function
is defined byshiftstep. The parameteshifttoler defines the tolerance in pixels for the line match. The défaul
polynomialdegreeis 5.
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11.1.17 Line identification

The wavelength calibration starts from a first guess dispersolution.

Lines are iteratively identified and a dispersion solutisrfiited, until no new identifications can be made.
After the first convergence, all identifications are cleagftedemove possible false identifications), and the loop
repeats, but this time ignoring lines with residuals wotsgnttolerance and lines with residuals worse than

kappa sigma. If set to a negative value, the polynomial degree fsraatically adjusted based on the line

residuals.

Identifications are made based on a match between the dktimet@redicted wavelength,..,,, and a catalogue
wavelength \..;. An identification is made if

e The nearest catalogue wavelength is within two linewidfite@predicted wavelengthd_cat—\_com| <
2 x o, whereo is the detected line width,

e The distance to the 2nd nearest neighbours (in the spectsunek as in the catalogue) is much larger
than the residual of the matdh_cat — \_nn| x ALPHA > |\_cat — A_com|, (whereALPHA is a
"safety parameter" less than one.)

e The nearest neighbour (in the spectrum and in the cataldgdajther away than the average tolerance
distance, which measures the precision of the identifinatitolerance < ALPHA x|\_cat —\_nn]|.
Refer to the source code for the exact definition ofthkrance.

The purpose of the first criterion is to make the correct iifieations. The purpose of the latter two criterions
is to avoid making incorrect identifications.

11.2 Recipes

In the following sections we are going to describe the rexjp@vided by the UVES pipeline. Recipe common
parameters aredebug to activate the debug mode which saves intermediate setultlisk andplotter to
activate the plotting facility (gnuplot). Additionally eh recipe can be customized by modifying specific data
reduction parameters which are described in the followexien or in the referred algorithm description.

11.2.1 flames_cal_predict

This recipe expects as input a fibre formatcheck frame whiabbtained by illuminating the calibration fibre
with a ThAr lamp, and a reference ThAr lines table. Optiomalut is a reference formatcheck frame.

This recipe run the UVES physical model as for ECHELLE datar dretails we remind the user to [1]. The
only difference is that in case of FIBER mode data, to take atcount of the offset between the calibration
fiber and the central position of the order, X and Y offsets seedepending on the given instrument setting
(wavelength, plate number).
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11.2.2 flames_cal_orderpos

This recipe measures the echelle calibration fibre ordeetpmsitions as for echelle data. For details we remind
the user to [1].

11.2.3 uves_cal mbias

This recipe generates a master bias frame from a set of laades echelle data. For details we remind the user
to [1].

11.2.4 uves_cal_mdark

This recipe generates a master dark frame from a set of dddtkq are not frequently taken for UVES). For
details we remind the user to [1].

11.2.5 flames_cal_mkmaster

This recipe generates a master flat frame from a set of skt flat

To have full coverage of all 9 fibres and wide enough windowdeti@rmine the inter order background are taken
three sets of three slit flats each, each set taken at différ@ositions. From each set it is computed a master
flat field as for echelle mode data. For details we remind tlee tas[1].

11.2.6 flames_cal _prep_sff ofpos

This recipe prepares slit flat-field and fibre flat-field franf@sinclusion in the calibration database. The com-
mand reduces first the lower-chip data and next the upperdadia. The slit FF frames are normalised to be
equal where they overlap, then a minimal set of frames cogedtie largesy interval is produced.

This command

e Creates suitable bad-pixel masks,

e Frames are prepared (to associate variance and bad-pre$rto existing frames),
e All fibre and order positions are located,

e Suitable position for background-light extraction areatsa,

e input slit flat-fields are prepared,

e input fibre flat-fields are prepared,

o fibre-to-fibre normalizations are computed.

e Last, all output products are classified.
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To improve robustness this data reduction step checks @ahataich detected order all the fibres are traced and
if not a fibre tracing is forced. Moreover the step OFPOS, tvent problems in the wavelength calibrations,
excludes from the order tracing the bottom right and uppihiand side corners. This is done setting appro-
priate values of keyword®BRS _SCAN_MIN andDRS_SCAN_MAX, and using an appropriate value for the
parameteDRS P8 OFPOS_SI1Such values are wavelength dependent.

11.2.7 flames_cal wavecal

This recipe performs the wavelength calibration using joesty determined solutions for the first guess line
table and the order table. This recipe is a modification oluves_cal_wavecatecipe to reduce UVES echelle
data, in the sense that instead of determine the solutiorsmonding to tree order traces, one at the center and
the other two at 15 pixels up and down, now are determineddhsgisns correspoinding to each of the fiber
traces as indicated by tHdBREMASK . FITS keyword. For details we remind the user to [1].

11.2.8 flames_obs_reduce

This recipe performs the actual spectrum extraction, eitiptimal or standard. The normalized odd/even fi-
bre flat-field frames output of previous commands are congp@r¢he science frame, any y-axis shift between
them is computed and compensated by shifting the odd/evem ffdi-fields; an optimal/standard extraction
is performed on the science frame, and the resulting spactr@areated, one set of files for each illuminated
fibre. Next, using the line table created ftgmes_cal_wavecalthe extracted spectra are rebinned and merged.
Finally, the products are classified. This commands supptifterent extraction modes. The normal extrac-
tion mode (the one just described, using optimal or standancction, setting the parametextract to “opt”

or “sta”) is the one we suggest to the user. Fast extractiodenfextract set to “fop” of “fst”) is faster as
skip the correlation step (but as such it may have also lowetity). Quick extraction mode, which does
not use at all the slit flat fields in the data reduction chairg does not do any correlation step, was imple-
mented in answer to a Paranal Operation request, and if tesspaires that the complete data reduction (recipes
flames_cal_prep_sff ofposs performed in a coherent way (using quick data reductiodeho

In case the correlation step fails (usually due to a largeift Batween the observation and the calibrations) we
suggest the user to do the following. The shape of the coiwalfunction is contained in tables cor_shape_x.fits
(x=Il or x=u respectively for EEV or MIT chips). From this t&bbne can get the Y offset at which the correlation
function has a maximum.

Next repeat the extraction appropriately setting the datien function parameters (through parametetract ).
In this case usuallgdrs_cor_def rngcan be decreased to 2 or even 1.

For example to do optimal extraction with correlation (ORtMction search (Y) in the range [-2,2], using
2*25+1 pixels and having measured a -4.5 pixel shift, one giay the command:

esorex flames_obs_reduce --cor_pnt=25 --cor_rng=2 --cor _off=4.5 flames_obs_reduce.sof
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11.2.9 flames_obs_redchain

This recipe runs the full UVES reduction chain for the bluel/an red arm. It runs in a cascade the following
recipes:

e uves_cal_mbias (if no master bias is provided)

e uves_cal_mdark (if darks are provided)

flames_cal_predict (if no guess order and line tables argqed)

flames_cal_orderpos (if no order table is provided)

flames_cal_mflat (if no master slit flat is provided)

flames_cal_prep_sff_ofpos (if no slitff* and fibreff* arequided)

flames_cal_wavecal (if no dispersion solution line tableresided)

flames_obs_scired (unless the optsmired is set to FALSE)
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A Installation

This chapter gives instructions on how to obtain, build argféll the UVES pipeline. Even if this chapter is kept
as up-to-date as possible, it may not be fully applicablegaréicular release. This might especially happen for
patch releases. One is therefore advised to read the atgtallinstructions delivered with the UVES pipeline
distribution kit. These release-specific instructions barfound in the fle READMElocated in the top-level
directory of the unpacked UVES pipeline source tree. Thestipd platforms are listed in Sectignl. Itis
recommended reading through Sect#i before starting the installation.

A bundled version of the UVES pipeline with all the requirexbls and an installer script is available from
www.eso.org/pipelines

A.1 Supported platforms

The UVES pipeline has been verified to install and executeectly with EsoRex on the VLT target platforms:

e Linux (glibc 2.1),

e Sun Solaris 5.8,
and on
e Mac Darwin 8.9.0,
using the GNU C compiler (version 3.2 or newer). Correct exieo using Gasgano has been verified on

e Scientific Linux 4.0,
e Linux Fedora core 6,

e Mac Darwin 8.9.0.

A.2 Requirements
To compile and install the UVES pipeline one needs:

e the GNU C compiler (version 3.2 or later),
e the GNU gzip data compression program,
e aversion of thetar file-archiving program and

e the GNU make utility.
For Gasgano support one needs in addition

e the Java Development Kit (version 1.5)
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A.3 Building the UVES pipeline

The UVES pipeline distribution kit contains:

uves-manual-5.0.pdf The UVES pipeline manual
install_pipeline Install script

gfits-6.2.0.tar.gz QFITS6.2.0

cfitsio-2510.tar.gz CFITSIO 2510

cpl-4.1.0.tar.gz CPL4.1.0

esorex-3.6.8.tar.gz esorex 3.6.8
gasgano-2.2.7.tar.gz GASGANO 2.2.7
uves-4.2.2.tar.gz UVES 4.2.2
uves-calib-4.2.2.tar.gz UVES static calibration files.2.2

Here is a description of the installation procedure:

1. Change directory to where you want to retrieve the UVE®Ipie 4.2.2 package. It can be any directory
of your choice but not:

$HOME/gasgano
$HOME/.esorex

2. Download from the ESO ftp servewww.eso.org/pipelines , the latest release of the UVES
pipeline distribution.

3. Verify the checksum value of the tar file with the cksum cosmich cksum uves-kit-4.2.2.tar.gz
4. Unpack using the following commands:
gunzip uves-kit-4.2.2.tar.gz tar -xvf uves-kit-4.2.2.ta
Note that the size of the installed software (includiBgsgan together with the static calibration data is

about 27Mb.

5. Set the environment variable JAVA_HOME to the directotyane you have the JDK 1.5 installed. If this
value is not set, the installation script will try to guessitit if no JDK is found, the gasgano distribution
will not be installed; QFits, CPL, EsoRex and the pipelind lag installed anyway.

6. Install: after moving to the top installation directory,
cd uves-kit-4.2.2
it is possible to perform a simple installation using theilade installer scriptfecommended
Jinstall_pipeline

7. Check the installation log: probably this will suggesuyo set the environment variable CPLDIR and to
extend your PATH.
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By default the script will install the UVES recipe§asgang EsoRexall the necessary libraries, and the
static calibration tables, into a directory tree rootedb&tOMEA different path may be specified as soon
as the script is run.

The only exception to all this is th&asgano tool, that, if you have the required proper installation of
the JDK (version 1.5), will always be installed under theediory $HOME/gasgano. Note that the
installer will move an existing$HOME/gasgano directory to $SHOME/gasgano.old  before the
new Gasganoversion 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).
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B Full list of changes

List of differences between UVES-CPL pipeline releases 4.2 .2 and 3.4.5
Changes in 4.2.2
DFS05346 Problem wavecal/merge: absorption lines may appe ar as doublets
in merged spectra. Solved by decreasing wavecal poly degree default
to 4.
Changes in 4.2.1
Added uves_cal_ronbias
DFS05302 Added PRO.REC1 keys in uves_cal_prep_sff ofpos p roducts
DFS05106 Now header of slit ff products is the one of the 1st frame of the
DFS05102 Implemented flames_utl_decubify
Changes in 4.2.0
DFS05140: changed LF.DO.CATG in DO.CATG for CD_ALIGN_RED t o uniform to CD_A
DFS05139: Updated gasgano rule files to support classififi cation of

Changes

Changes

Changes

Changes

Changes

input raw data for uves_cal_lingain recipe

Added products of uves_cal_lingain to oca rules.

in 4.1.0

Removed uves_cal ccdtest from oca file

Added flames_cal_mkmaster in UVES.prefs

Disables uves_cal_ronbias

Updated cpl.version and esorex.version dependency IDs

in 4.0.0

As 3.5.7 but updated release ID for PSO release (as includes f iber mode)
in 3.5.7

Added parameter clean_traps (shared in uves_obs_scired an d
uves_cal_mbias) to control the detector's trap correction S

in 3.5.6

DFS05042: Fixed wrong INFO in FIB_FF_  » INFO_TAB

Fixed DFS04897: Failure to trace first fibore of FFLAT

added parameter save flat_size to flames_cal _prep_sff o fpos to control
SFLAT flat size measure

Fixed DFS05026: Missing PIPEFILE in fibreff cube products.

in 3.5.5

Made uves_cal_lingain products arm dependent (note that in case of RED dat:
DFS03207: Poor fibre identification in Fibre Flats. This pr oblem has been
improving robustness of the function to measure the MSFLAT F WHM and YSHII
In flames_cal_prep_sff ofpos added parameter to control o n which chip is pert
DFS05006: Added parameter to allow clean of trap columns in s cience

frames (to improve 2D data reduction quality)
Fixed bug loading pipe generated INSTR_RESPONSE
Demoted assure on check_table invalid_rows to make
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flames_cal_prep_sff_ofpos more robust on MIDAS generated FIB_GUE_ORD_TAB
Changes in 3.5.4
Changed order of LDFLAGS in uves/Makefile.am and flames/Ma kefile.am
to make sure that libuves.so and libflames.so always find th e same
version of libgfits as each other.
Changes in 3.5.3
More robust SFLAT size-offset determination
Support of BLUE 625 KHz frames format with image estension.
Improved uves_common.prg including DETMON_QC dictionary call
Simplified uves_cal_lingain
Cleaned some compilation warnings
Changes in 3.5.2
Updated uves_cal_lingain to support BIAS x and SCREEN_FLA T X, x=BLUE,RED
Aadded uves_cal_lingain.rrd,rri,prg
Changes in 3.5.1
Implemented new function to compute YSHIFT and HALFWIDTH on mflats
to solve DFS04815
Changes in 3.5.0
Added HIERARCH ESO FIB keys in flames science packed merged f rames (DFS048
DFS04881: allow usage of parameter process_chip to process each chip separat
Temporaly suppressed velocity correlation correction in S imCal
Added test flames_msffsz
Changes in 3.4.9
Fixed DFS04829: (zero merged spectra in packed image)
Added uves_cal_lingain from detmon project
Lamp on frames (FLAT frames) should be tagged as ON_RAW
Lamp off frames (BIAS frames) should be tagged as OFF _RAW
New FITS format UVES data (after 1st April 2004) should be pro cessed
using --exts=1
Changes in 3.4.8
Now the stability check computes a clean median as in MIDAS
Changes in 3.4.7
Removed flames recipes
Added HIERARCH ESO info on debug products
Fixed some problems with flames physical model and reduced t o 1 the number
Changes in 3.4.6

Added flames recipes
Fixed PRO.CATG of fxb_|_rawpack XB_SCI_RAW_REDL
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and added ERR_MWXB_SCI_RAW_x and ERR_MWXB_SCI_x as asked Yo DFS04684
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C Abbreviations and acronyms

ANSI
ASCII
CalibDB
CPL
DFO
DFS
DMD
DRS
ESO
EsoRex
FITS
FOV
FPN
GUI
OB
PSO
QC
RON
UVES
SOF
uT
VLT

American National Standards Institute

American Standard Code for Information Interchange

Calibration Database

Common Pipeline Library

Data Flow Operations department
Data Flow System department

Data Management and Operations Division

Data Reduction System
European Southern Observatory
ESO-Recipe Execution tool
Flexible Image Transport System
Field Of View
Fixed Patter Noise
Graphical User Interface
Observation Block
Paranal Science Operations
Quiality Control
Read Out Noise
Ultraviolet Visual Echelle Spectrograph
Set Of Frames
Unit Telescope
Very Large Telescope
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Data reduction cascadé], 43
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ANSI, 69
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CalibDB, 69
CPL,69
DFS,69
DMD, 69
DRS,69
ESOREX,69
FITS, 69
FOV, 69
FPN,69
GUI, 69
OB, 69
PS0O,69
QC,69
RON, 69
SOF,69
UT, 69
UVES, 69
VLT, 69
Description
Background extractiorgO
Efficiency determination64
First guess solutiorf6
Instrument response determinati@?,
DFS,69
DMD, 69
DRS,69

Efficiency determinationg4
ESO,69

ESOREX,69
EsoRex

Configuration file 20

Example
uves_cal_mkmaste?3
uves_cal_orderpo22
uves_cal_predic22
uves_cal_responsgb
uves_cal_wavecaR3
uves_obs_scire®5

Help, 19

Introduction,19

Parameters listing20

Pipeline recipe confifuratior20

Pipeline recipe executio20

Pipeline recipe hel®0

Pipeline recipe man pag20

Pipeline recipes listing20

Set of frames definitionl9

Syntax,19

Usage 19

web page9

FITS,69
FOV, 69
FPN,69

Gasgano
File classification;,15
File selection]15
Introduction, 14
Pipeline Recipe executioib
Usage15
web page9

GUI, 69

IFS,41

Input data4?2

Instrument response determinati@?,
Integral Field Spectroscop#,l

Master frame generatio®0

OB, 69
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Order Definition,59 Raw data28

Phisical Model
Diagnostic plots56
Physical Model56
Parameter correction§7
Pipeline
Cookbook,14
Example
uves_cal_mkmaste?3
uves_cal_orderpo22
uves_cal_predic22
uves_cal_responsgb
uves_cal_wavecal3
uves_obs_scire®5
Input data42
Overview,9, 11
Purposes]1
Recent improvement42
Recipe executiorR0
Recipes
sinfo_rec_detlin43
sinfo_rec_distortion44
sinfo_rec_jitter44
sinfo_rec_mdark44

Arc Lamp Frames37
Bias frames38

Flat frames38
Formatcheck37
Order Frame37
Science frames39
STD star frames39

Raw Frames
Characteristic FITS keyword80

Supported 30

Reference data

Atmospheric extintion table40
Line reference table40
Standard stars flux tablép

RON, 69

Set of frames

Example
uves_cal_mkmastegl, 22
uves_cal_orderpo21
uves_cal predic1
uves_cal_responsg2
uves_cal_wavecall
uves_obs_scire®2

sinfo_rec_mflat44
sinfo_rec_waveca#4
uves_cal_mbiasl4
uves_cal_mdarkl4
uves_cal_mflatl4
uves_cal_mkmastet4, 48
uves_cal_mkmaster_sfldt4
uves_cal_orderpod4, 47
uves_cal_predictl4, 46
uves_cal_responsé4, 51
uves_cal_tflatl4
uves_cal_wavecal4, 50
uves_obs_cd_aligri4
uves_obs_redchaid4
uves_obs_scired,4, 53
uves_obs_spatred4

PSO,69

SOF,69

UT, 69
UVES, 13, 69
Instrument, 13

Instrument descriptiorl,3
Pipeline publication9
Pipeline User Manuab
Quality Control web paged

Raw data28

Science Verifications web page,

User Manual9
web page9
uves_cal_predic6

VLT, 69

Wavelength calibratiorg1

Diagnostic plots

QC,69
QFITS
web page9

Residualsp?2
Resolution 62
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