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Chapter 1

Introduction

This document describes the functionality of the pipelind Bata Reduction Software (henceforth DRS) for
data obtained using the FLAMES/UVES facility at the ESO VLiidyen telescope. Updated informations
and releases of the present documentation can be obtaitreifaiowing URL: http://www.eso.org/pipelines

. Additional information is provided by the correspondentality Control pages that can be found at the fol-
lowing URL.: http://www.eso.org/observing/dfo/qualitylsers can submit problem reports either by issuing
a software problem report (using the tool accessible iaigrio Paranal and Garching Operations) or by
sending an e-mail to midas@eso.org or to usg-help@esoldrg.pipeline to reduce FLAMES-UVES data
has been developed as an extention of the UVES pipeline.ldstis described in [1]. Users not familiar with
the UVES pipeline should read [1].

A VLT pipeline is a subsystem of the Data Flow System (DFShulite task to do automatic data reduction
of calibration and science frames. It is used by ParanalnSei®perations (PSO) to automatically (on-line)
reduce frames and thus have a quick-look at the data to agmesealth of the instrument and the quality
of calibrations and observations and decide on real time iblaservation needs to be repeated. Moreover
Garching Data Flow Operations (DFO) uses it off-line to parf more detailed quality control and instrument
trending, preparing master calibrations and reducingnsei@bservations for service mode observations.

A set of optical fibres (up to 8 at a time) brings the light coléal on the focal plane to the UVES (Ultraviolet-
Visual Echelle Spectrometer) spectrograph. The fibres eapdsitioned on the focal plane as the observer
chooses, using the FLAMES fibre positioner (for more infatioraon the FLAMES VLT facility, please see
[4]).

Every observation performed with this powerful instrumenntain a very rich amount of information, that
needs a specialized software such as this DRS to be extrpotedrly, even when not all fibres are actu-
ally being used. The DRS has been designed to work well withwn hardware constraints, such as the
instrument mechanical stability limits, or availability calibration data. The reliability and accuracy of the
data reduction procedure do indeed depend sensitively sfgtbodness"” of the calibration data used in the
reduction.Although the DRS has been designed to be flexible with respettt small mismatches between
calibration and science data, the best results will be obtaied using calibrations that are taken as “close”

as possible to the science observations. Here “close” doestmean necessarily “close in time” but more
“under the same ambient conditions”. In fact, it is now known that the apparent placement of fibres o
the UVES detector changes according to local temperatudgeassure, and of course after instrument setup
changes.

1.1 How to read this manual

This manual is addressed to users who likes to reduce FLAMEES data at their home institutes. |If
the user prefers not to follow the order proposed we suggestad chaptell2 to know how to install the
software and be advised about what are the present hardwdreoftware requirements. Chaplér 3 lists all
the data necessary to reduce a FLAMES-UVES science. Nexuggest the user, after having read chapter
A to have an overview of the data reduction sequence, to agtipal examples as described in chapler 7.

1
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These examples run FLAMES-UVES and UVES context commandshadre summarized in chapfar 5 and
described in detail in chaptEl 6 and on the on-line help. @kethree mentioned chapter and the on line help
should be the most useful to consult also for users who hatesayoe practice of the commands. In case
of problems we have included also a troubleshooting se¢tiea chaptdr 8). Finally for users very expert in
this software usage, appendik A gives a description of anpAB8 keyword used as parameter default for the
provided data reduction commands. Our advice to the uset torchange such defaults, but instead properly
choose command parameter values.

1.2

1.3

Reference documents

UVES Pipeline User’'s Manual VLT-MAN-ESO-19500-2964
http://www.eso.org/pipelines
FLAMES-UVES Data Reduction Software Design and Architeetleport

VLT-TRE-ITA-13750-0002
http://www.eso.org/org/dmd/DFS-related-papers.html
Automatic data reduction in support of the FLAMES-UVES Vlacility
Proceedings of the SPIE, Volume 4844, pp. 310-320 (2002).
http://www.eso.org/org/dmd/DFS-related-papers.html

FLAMES User Manual VLT-MAN-ESO-13700-2994
www.eso.org/instruments/flames/manuals.html
The FLAMES-UVES Pipeline The ESO Messenger, 118, 8.

Improvements in release 2.9.7

e We include a more accurate ThAr reference line catalog.

e Some compilation warning have been fixed to improve poiitgbil



Chapter 2

Installation notes

2.1 Hardware requirements

We suggest to have at least 512 MB RAM and 40 GB HD. The DRS tililhgn on systems with less RAM,
but much more slowly. In this case, we recommend to have tlanjrswap partition on a physically different
disk with respect to the one containing the input and/or autiata, to minimise disk thrashing. In particular
in case of I/0 bound systems we suggest to have input raw dadgpbysically different disk with respect to
the one on which one runs the process.

A complete data reduction using the scripts produces ab@Bwes of data.

2.2 Installation
We assume that the user has defined the environment varidhi®3SHOME and MIDVERS, and that the

MIDAS release is 07SEPpI1.1. The user will get a file calleddts cdrom_2.9.7.tar.gz. This can be installed
as follows. If rel_dir is the installation directory:

e mv fluves_cdrom_2.9.7.tar.gz rel_dir

cd rel_dir

gunzip fluves_cdrom_2.9.7.tar.gz

tar xvf fluves_cdrom_2.9.7.tar

cd fluves

Jsetup.sh

follow the instructions displayed at the end of the instaila

2.3 Performance

According to our test beds, on Linux OS based systems ourrddtaction software performs better than on
other proprietary OS. A factor 2.2 difference has been nreaisbetween running the script flames_popul.sh
onaPC (2 AMD 1.800 CPUs, 2 GB RAM, GNU/Linux OS, ReiserFs yisgsm) and an HP J5600 with 1GB
RAM HP-UX OS, and a standard DFS installation (MAR2003/4f§). The Sun-Solaris 5.8 platform is a
factor 2.6 slower than the PC-Linux.



4 FLAMES-UVES Data Reduction Users’ Manual VLT-MAN-ESOS®M-3016

2.4 Disclaimer

This release has been tested on Intel-Linux Scientific Lid@xIntel centrino Linux Fedora 6, Sun-Solaris
5.8 systems. We cannot guarantee on other systems. Inytartige are aware that some FLAMES-UVES
commands are failing on an Digital Alpha (64 bit architeedutinux (Suse 7.1) platform, and on AMD (64
bit architecture) Linux (Suse 10.2).



Chapter 3

Required input frames

The following calibration data are needed by the DRS to ctirgeduce your science exposures:

e Format-check frames

Bias frames (optional)

Single Fibre Order definition frames

Slit flat-field frames

e Fibre flat-field frames: odd, even, all fibres
e Fibre wavelength-calibration frames

The DRS will not work if any of these data is missing. The onbsgible exception to this statement is the
Format-check frame(s), which is strictly neededdatomatic, unattendedata reduction. For interactive data
reduction, Order definition frames (see below) can sulistifutem, with some user intervention (wavelength
calibration without formatcheck frames is interactive).

Dark frames are usually not provided. DFO usually measuresitark count level and provide this as a
number to be subtracted during data reduction. Moreover sgarae one has available an appropriae
lamp line reference table This table is provided as part of the CDROM distribution enthe directory
fluves/calib with filename thargood_3.tfits. This table hasrbimproved with respect to the previous one,
thargood_ 2.tfits which we still provide in the CDROM release

Calibration frames consist of bias, flat-field frames, andelength-calibration frames. Peculiar of this data
reduction is instead the need by the DRS of different typdkbfields, some of which are taken through the
fibres (using the OzPoz calibration unit), and some usindJX4E&S slit (using the UVES calibration unit).
Moreover, as in the UVES pipeline, the proper support of datBIBRE mode foresees the use of special
Format-check frames, this time taken illuminating the dtameous calibration fibre only.

The Format-check frame has a key role for automatic, nogractive data reduction; its comparison with a
physical model of the instrument provides a first-order agjpnation for the order/fibre trace positions and a
first-order approximation of the wavelength calibratiotatien.

While the first-order approximation of the order-fibre pmsis could be derived from an order definition
frame, wavelength calibration without a Format-check feamould necessarily involve the interactive identi-
fication of a few lines of the Th-Ar lamp, making fully autoritatlata reduction impossible.

The slit flat-fields are used to eliminate pixel-to-pixeleeffs. The fibre flat-fields serve instead to locate the
fibre positions, both relative to one another and absoluiiimsome tolerance; to know the cross-sectional
profile of each fibre at each wavelength; and to determinedlagive throughput of different fibres. These
fibre flat-fields are only usable if the fibre traces fall in matg illuminated in at least one of the slit flat-fields;
fibres whose light falls, even in part, in dark regions of tlieflait-fields are discarded. The DRS considers as
really flat only a subregion of each slit flat field discardinfgpa pixels at the flat field border.

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

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

The fibres’ images on the detector are so closely packed lieatrbss-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 reduction.téas, the DRS requires fibre flat-fields on which
the fibres can be clearly separated, such as one containipgdd-numbered fibres and another containing
only even-numbered fibres.

The order definition frame, if taken with the simultaneoussdjlbcould also be used as an additional flat-
field frame covering the simultaneous calibration fibre. ISinclusion is necessary to be able to extract the
simultaneous calibration fibre. In such a case one would titidthe pool of odd-even fibre flat fields (see
below), and this set of frames would thus contain completelyarable images of all fibres.

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

Ifit 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 filuesd during the night (7O0zPoz+1SimCal)
as well as an all fibre flat-field with the flat-field lamp feedialyj the same fibres used during the night
(70zPoz+1SimCal). This is the minimum fibre flat-field sethledy the DRS.

We would like to emphasize the importance of having “promeatibration data to be able to reduce the science
observations with best quality. For example, if becauséhefrhal shifts the available slit flat-fields do not
cover the position where a (science-frame) fibre is locatesd fibre will be discarded and its data is unusable.
The same is true if fibre positions in the science-frame aifeesitoo much with respect to the corresponding
positions of the fibre flat-field frames used to do the datagatoin. This may occur in case of automatic on
line pipeline data reduction on Paranal where usually thieregion data base is updated with a one month
time scale. Moreover, the cross-sectional profiles of theedibmay change e. g. due to slightly different
focusing. Since this, in turn, changes the contaminatiawéden adjacent fibres, a significantly different
profile between calibrations and science data will lead tmeorrect deconvolution of the fibres. This release
searches for possible instrument shifts along Y (i. e. pedfjmilar to dispersion) in the interval [-6,6] pixel.
It satisfactorily reduced commissioning data which, dudilarext completely stable instrument setup, were
characterized by shifts between the science observatidnhencalibration in the range [-3.5,3.5]. It must be
said that the source of such Y shift was discovered and fixeédgian instrument software upgrade occurred
before the beginning of FLAMES operations and so we do noeeixfhe user will receive data affected by
shifts between science and calibrations of more than ora.pikhis release allows to interactively recover
extraction also in cases of wider shifts (see command REDBCAMES at pagé 27).

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

A simultaneous calibration fibre for precise radial velgceiteasurements is also available. Using this fibre the
spectral format changes, including (at most) 7 OzPoz filmdslaSimCal fibre. Therefore, all calibration data
need to be taken with the same FLAMES plate addB3(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 appropriatebt 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 subsedatnreduction, strongly saturated emission
lines can produce a very irregular distribution of scatielight on the frame, causing a poor background
subtraction and, as a consequence, wrong results in therdetgion of shifts to be applied to each fibre
(correlation step). In particularly pathological caséss ay lead to a failure of the automatic data reduction
procedure, and require manual intervention to properlyaexthe data.



Chapter 4

Data reduction logical step sequence

Here we outline the logical sequence of steps which are wetdperform a complete spectral extraction
of FLAMES/UVES data. All these operations can be carriedusihg commands in the FLAMES context.
Initially all FITS frames need to be splitted using the comoh&PLIT/UVES to convert them into MIDAS
format, properly orient and classify them. Examples of adathuction are in chaptéi 7.

1.

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

. First, a so-called format-check frame is examined. ThsignE must have been taken with a single fibre

iluminated by a (Th-Ar) wavelength-calibration lamp, aatiother 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 ordesitimns and of the wavelength-calibration
solution.

. The whole set of fibres is considered (or at least those imsttke science exposure), by processing

both an odd-numbered- and an even-numbered fibre flat-fialdds. In this way a complete (raw)
fibre-order position table is obtained.

. From the latter, the inter-order (background) table ismpated, for later computation and subtraction

of scattered-light contamination.

. Slit flat-field frames are processed. At least two hatf-#iit-fields are needed to cover the fibre-

iluminated region without overlapping, and these are comth and normalized. They will be used
to remove pixel-to-pixel effects later. Associated vacaframes and bad-pixel masks are also created.

. odd/even fibre flat-fields are processed. These framesinatite required information on the fibre

cross-dispersion profile, and need to be input as separatievanh fibre frames since adjacent fibres
have partially overlapping profiles. Fibres for which thes@o corresponding slit-flat-field information
are ignored. The frames are corrected for background l@d, associated variance frames and bad-
pixel masks are created.

. The algorithm requires also an all-fibre flat-field framecompute the relative throughput among the

odd and even fibres. It is treated as if it were a science fravith,the same extraction procedure, to
obtain for each fibre and order a wavelength-dependent rizatian (instead of a spectrum). Since
the FLAMES context includes two extraction methods (stash@ad optimal), the same choice is pos-
sible to extract the fibre normalizations here. Moreoveg, dli-fibre flat-field frame is also used as a
reference for the positions of all fibres, since they are #immeously lit here. For this purpose, the
cross-dispersion shifts between the fibre positions in thteeand even fibre flat-field frames are com-
puted with this common reference, and this additional imfation is stored in the order-fibre table.

. Wavelength calibration is done, using a fibre frame witbhefibre illuminated by a ThAr lamp, the

guess line and fibre-order tables determined from previews kduction steps. This step extracts each
fibre spectrum, looks for ThAr lines and identifies them witihof a guess solution.

7
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9. Eventually, the science spectra are extracted, eithieg wsandard or optimal extraction. Because of
UVES stability limitations, there may be shifts between tifbee images in the flat-fields and in the
science frames. These shifts are expected to occur in tles-dispersion direction and to be at most
+1 pixel. Since especially optimal extraction is extremelpsitive to such shifts (spectra with large
S/N cannot be extracted satisfactorily for shifts largeantt®.1 pix), the extraction routine computes
the value of the shift (using a correlation-function methahd applies the opposite shift to the fibre
flat-fields (that's why pixel-to-pixel effects need to be qurted separately using slit flat-fields). After
doing that, the optimal extraction is performed using theefittat-fields as a model to fit the science
frame at every wavelength (the fit amplitudes are the exathspectra at each wavelength), using at
the same time the fibre profile information to deconvolve thdial fibre overlap. Standard extraction
is somewhat simpler, doing only a sum of the science frame fipectra over a pre-defined window
across dispersion, without fitting, but including also aateolution of fibre cross-contamination.

10. Next, extracted spectra are wavelength-calibrated.

11. Last, wavelength-calibrated, merged spectra areaxeat

4.1 Data reduction peculiarities

The data reduction software design to reduce FLAMES-UVE®{dzhelle mode data (described in [2], [3]
and [5]) has some data reduction peculiarities for examjitle respect 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 mod#étetight distribution on the detector in
the optimal extraction, instead of some analytic approsioma(e.g. as in UVES-echelle mode where a
Gaussian+constant function distribution is used).

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

e Error propagation is throughly performed from beginningtite end of the data reduction obtaining
analytical pixel-to-pixel variances.

e Spectra corresponding to different fibres, having a difiefére throughput, are corrected giving reli-
able relative fibre throughputs.

e Thanks to the use of three different kind of flat-field spe¢siagle fibre, odd-even-all fibres, slit flat
fields) usually the final merged spectra have a very high guati which any residual oscillation arti-
facts (still present in some high S/N UVES echelle extrasigectra) are well below the noise level.

With respect to FEROS we have the same difference as beftiheawiadditional one:

e In FEROS the flat fielding is done on the extracted spectraaetiig 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 ipnplies a number of contra. Essentially we

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

The achieved very good extraction quality is paid with agitensive 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 iftae moment they are not used.



Chapter 5

DRS implementation and options

The DRS is implemented as a set of MIDAS commands, includednew MIDAS context called FLAMES
(Table[5.B). The FLAMES context needs, and thus autométitsds, the UVES one. The FLAMES context
commands can be run individually (Level 2 commands), otechilh sequence by other commands (Level 1
commands). Even higher-level commands (Level 0) are imtluduch as a tutorial. The pipeline uses level 1
commands.

The UVES pipeline command SPLIT/UVES has been updated tpastiplso FLAMES-UVES data reduc-
tion. This command splits and re-orient the images containghe input FITS file and additionally classify
them creating and assigning a proper value to the MIDAS fikcdptor DO_CLASSIFICATION. Level 1
commands expect that all input data, listed in an input ogtad, are identified by the value of their descriptor
DO_CLASSIFICATION. Input catalogs of Level 2 commands @t recognize data by the value of their
MIDAS descriptor IDENT.

In Table[5.1 we list the category Data Products (DPR) keyw/éodthe currently supported data.

[ Frame Type | TYPE | CATG | TECH | Note |
Science frames
Science in OzPoz mode] OBJECT,OzPoz SCIENCE | MOS 8 OzPoz fibres
Science in SimCal mode OBJECT,SimCal SCIENCE | MOS 7 OzPoz, 1 SimCal
Calibration fibre fed frames
Bias BIAS CALIB IMAGE Same as UVES
Dark DARK CALIB IMAGE Same as UVES
Nasmyth Screen FF LAMP,FLAT,NASMYTH CALIB MOS Nasmyth Screen
Wavelength calibration | LAMP,WAVE,OzPoz CALIB MOS 8 OzPoz fed by ThAr
Wavelength calibration | LAMP,WAVE,SimCal CALIB MOS 7 OzPoz, 1 SimCal fed by ThA
Odd FF LAMP,FLAT,ODD,0zPoz CALIB MOS Odd Fiber FF, 4 OzPoz
Even FF LAMP,FLAT,EVEN,OzPoz | CALIB MOS Even Fiber FF, 4 OzPoz
All FF LAMP,FLAT,ALL,OzPoz CALIB MOS All Fiber FF, 8 OzPoz
Odd FF LAMP,FLAT,ODD,SimCal CALIB MOS Odd fibre FF, 4 OzPoz
Even FF LAMP,FLAT,EVEN,SimCal | CALIB MOS Even Fiber FF, 4 OzPoz
All FF LAMP,FLAT,ALL,SimCal CALIB MOS All Fiber FF, 7 OzPoz
Formatcheck LAMP,FMTCHK,SimCal CALIB MOS 1 SimCal fed by ThAr
Order Trace LAMP,ORDERDEF,SimCal| CALIB MOS 1 SimCal fed by Flat
Special frames in echelle mode
Slit Flat Fields LAMP,SFLAT CALIB ECHELLE | 3 sets of 3 slit FF each
each set taken at diff Y pos

Table 5.1: Required DPR keywords

The plate No. is identified through the keyword ESO.INS.OB&FE. Plate No. 1 corresponds to a keyword
value equal to 1. Plate No. 2 corresponds to a keyword valualeq 2.

The keyword ESO.OCS.SIMCAL will be used to associate th@@ranaster calibration frame to the input
raw frame separating the cases in which the simultaneoisaiidn fibre is involved (value equal to 1) or not
(value equal to 0).

When an accuracy better than 2% is required for the absoluked] one should take flat fields using the
Nasmyth screen and “attached templates”.

In Table[5.2 we list the DO_CLASSIFICATION values for the mntly supported data.

9
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[ Frame Type | DO_CLASSIFICATION |
Raw Frames
ThAr line reference table LINE_REFER_TABLE
Formatcheck frame FMTCHK_x
Reference Formatcheck frame ARC_LAMP_FORM_x
Single Order trace frame FIB_ORDEF_x
Bias BIAS_x
Master Bias MASTER_x
Dark DARK_x
Slit Flat Field SFLAT_x

Nasmyth Screen Flat Field
Wavelength Calibration frame
Odd Flat Field

Even Flat Field

All Flat Field

Science OzPoz

FIB_FF_NASMYTH_x
FIB_ARC_LAMP_x
FIB_FF_ODD_x
FIB_FF_EVEN_x
FIB_FF_ALL_x
FIB_SCI_x

Science SimCal FIB_SCI_SIM_x

Science COMBINED FIB_SCI_COM_x
Data Products

MASTER Silit Flat Field MASTER_SFLAT_x

DRS Setup Table FIB_DRS_x

Guess Order Table FIB_ORD_GUE_x

Guess Line Table FIB_LIN_GUE_x

Background Table FIB_BKG_x

Order-Fibre Table FIB_ORDEF_TABLE_x

Line-Fibre Table FIB_LINE_TABLE_x

Fibre data* frames FIB_FF_DGh_x

Fibre common frames FIB_FF_COM_x

Fibre norm frames FIB_FF_NOR_x

Fibre nsigma frames FIB_FF_NSIGMA_x

Fibre sigma frames FIB_FF_SO_x

Fibre badpixel frames FIB_FF_Bm_x

Slit FF data frames SLIT_FF_DG_x

Slit FF common frames SLIT_FF_COM_x

Slit FF norm frames SLIT_FF_NOR_x

Slit FF sigma frames SLIT_FF_S0_x

Slit FF badpixel frames SLIT_FF_Bm_x

Slit FF bound frames SLIT_FF_BNDn_x

Table 5.2: List of frame types and corresponding values efNHDAS descriptor DO_CLASSIFICATION
assigned by the command SPLIT/UVESlote: x= REDL or REDU; n=1,2,..nflats where in case of slit flat
fields NFLATS is a DRS keyword indicating the (automaticallgtermined) minimum number of equalized
flat fields which are necessary to cover the total Y span, whilease of the fibre flat fields it indicates the
number of basic (uncontaminated) fibre flat fields, typicéiiyt not necessarily) 2 (odd/even).

Level 2 commands provide more finely grained control ovephlses of the data reduction, and hence may
be used to fine tune all the parameters, tailoring them onifapdata. Exploiting this requires, of course, a
detailed understanding of the algorithms internally usgthle DRS and the exact sequence of data reduction.
To ease data reduction, the user may also benefit from thiesshigk, f | anes_deno. sh.

Similarly we include in sectiofh 7.1 an example procedure aigstrating how to create a catalogue with all the
data needed for a complete data reduction using the commBMIIFLAMES. The script flames_demo.sh
and the command DEMO/FLAMES do data reduction assuminguttefatting for the data reduction param-
eters. This defaults usually provides robust and good tyuddita reduction but in some cases may not be the
best solutions for the user’s case.

If the user would like to do interactive data reduction, drging the effect of changing some data reduction
parameters, s/he could use Level 1 or Level 2 commands. leseinmands are the one called in automatic
data reduction by the pipeline. Those are the ones whictagontost of the few changes in parameter setting
done to make the pipeline more robusts to support operatibegel 2 commands have been left as much
as possible unchanged to allow the experience user to gahaé (at its own risk) his data reduction. An
example showing how to use Level 1 commands in a data reductiain is also given in sectidn ¥.5. An
example showing how to use Level 2 commands in a data reductiain is also given in sectién¥.6.

The data reduction can be performed in two ways. One may ehbetveen “optimal” or “standard” ex-
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traction methods, which differ essentially in the weightsigned to the pixel data across a fibre at each
wavelength. Moreover, the Optimal extraction iterativaefyplies a kappa-sigma clipping of bad pixels, while

the Standard extraction works in one straight iteration.e Baithese reasons, the Optimal extraction yields
to the best signal-to-noise ratio, especially for underosgol spectra, as it attempts to make full use of all
the information contained in the science frame; on the oltzed, it can be more sensitive to uncorrected
mismatches between science and calibration data, anddmputationally much more intensive. Standard

extraction does not use weights, but a user-defined windpgy sihich can be restricted to the fibre core if

mismatches between science and calibration data are fauisdherefore more robust, at the price of a re-

duced sensitivity. Both methods include a deconvolutioadjficent fibre cross-contamination. To improve
performance, in support of PSO, we have added to the normdlgecurate) data reduction mode also a so
called quick & dirty data reduction (which doesn’'t need 8t fields and does not correct for possible fibre
shifts between observations and calibrations), and amdnmddiate mode, the so called “fast” one, (which
still needs the slit flat fields but does not correct for pdssibstrument shifts between observations and
calibrations). Each mode support “optimal” and “standaggtraction.

In addition the command SPLIT/UVES from the UVES context basn upgraded to support FLAMES data

reduction and is supposed to be run as first command to pyopplit and orientate input raw frames and

classify them.
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Level 0 commands: commands needed to test the reductiolingipe

TUTORI/FLAMES (none)

DEMO/FLAMES in_cat [method] [filter_switch] [saturatiothreshold]

CDROM/FLAMES in_cat [method] [filter_switch] [saturatiothreshold]

STEPS/FLAMES in_cat [method] [filter_switch] [saturatidhreshold]

Level 1 commands: main commands for pipeline data reduction

SPLIT/UVES input [catalog] [trim]

PREDICT/FLAMES format_check frame [out_cat] line_tabdg mbox] [xy_trans] [angle]

FMTSTAB/FLAMES format_check_frame [out_cat] ref_cat Dmbox] [xy_trans] [angle]

MASFLAT/FLAMES in_cat out_cat ref_cat [bias_meth] [darketh] [bkg_meth]

MASTER/FLAMES in_cat out_cat ref_cat [bias_meth] [darleth [bkg_meth]

ORFSFF/FLAMES in_cat out_cat ref_cat [method] [bias_{fdter_sw]
[saturation_threshold] [sff_fibff,drs_cubify]

WAVECAL/FLAMES in_cat out_cat ref_cat [mode] [resol] [f]tRorecision]

REDUCE/FLAMES in_science_cat out_science_cat ref_cdtdet] [bias_val]

[filter_sw] [saturation_threshold] [drs_sci_cubify,dcaibify]

Level 2 commands: step-by-step reduction commands

PREPPA/FLAMES frame_cat [bad_pix_maskK] [filter_switck] yidth,y width] [n_iterations]
[kappa_sigma_thres] [apply_cuts_switch] [low_cut,hight]

BPIMA/FLAMES template_ima [out_bad_pix_ima] [cut_lesEl

OFPOS/FLAMES [guess_order_table],[order_fibre_tapte]fibre_cat],[max_extend]

[nb_traces] [widthi] [hough_trans_switches] [thresi]
[x_degree,ord_degree] [hot_thres,step]
[cluster,slope_min,slope_max,step_slope,step_orig]

PREBKG/FLAMES order_table back_table [n_windows] [x_thidmax,y_width_max]
MSFFSZ/FLAMES in_slit_ff_frame [order_fibre_table]
PREPSLIT/FLAMES in_slit_cat order_fibre_table out_gidt out_slit name

PREPFIBRE/FLAMES in_fibre_cat,(slit_ff_cat) back_tabteer_fibre_table
[threshold] out_fibre_cat out_fibre_name [method]
PRENORM/FLAMES all_fibre_ff_frame fibre_ff cat,(slit_fat) back table,in_order_fibre tab
out_order_fibre_table [threshold] [method] [max_shjftjhdow_size]
EXTRACT/FLAMES science_frame fibre_ff_cat,(slit_ff_gbhack_table,order_fibre_table
[out_spectra] [threshold] [method] [max_shift]/[windowize] [correl_pars]

MERGE/FLAMES in_spectrum rebin_base_name merge_bas® na
Level 3 commands: useful commands (plotting/quality chemkmands)
BKFIT/FLAMES in_ima order_fibre_table back_table [kapp@ma_thres] out_back_ima

FNDYSHIFT/FLAMES input_frame fibre_cat slit_cat orderbi&[max_shift]
FNDRYSHIFT/FLAMES input_frame fibre_cat slit_cat ordeabte [max_shift]

PLOT/UVES fname [xrange] [yrange] [title] [hcopy] [fibrersd id]
Level 4 commands: administration/extra commands

MODOFF/FLAMES formatcheck_frame

FIBMSK/FILL input_frame

Table 5.3: Commands in the FLAMES context



Chapter 6

Avalilable commands

This section describes all commands in the FLAMES context, the sequence in which they need to be
invoked in order to perform a complete spectral extractidie FLAMES context inherits some features
already present in the UVES context, but includes many ettheat are new, designedi hocfor the fibre-fed
spectrograph case. One may also run the following scrigte#u of the full sequence of MIDAS commands.
The context can be customized modifying the global keywsedsn the procedure
$PIPE_HOME/uves/flames/pipe/proc/flames_def_drs_ggarMany of the commands use as default param-
eter setting the values specified by the MIDAS keywords ddfinghat procedure. Another possibility is to
give appropriate values in an interactive data reductiamtice (See Appendik/Al1). We suggest the latter to
the user. The parameter defaults has been chosen to induist Bnd good quality data reduction. We suggest
the user to use level 1 commands.

6.1 Shell script

In the $PIPE_HOME/uves/flames/scripts directory, in addito the scripts described in detail in the fol-
lowing paragraph, a number of executable files are also giwenst of them called flames_"reduction_step”,
where “reduction_step” is the name of the data reductigntsibe performed. These can be used as templates
to do your actual data reduction. It is important to noticatth

e the provided path+shell_script or path+input_frame muiste

e if one runs the shell_scripts using an executable file ortese@ne putting a command or a file per line,
using a\ as line terminator, thi§ must be the last character of the line in that file, as in theigeal
templates. The last line of the file should not terminate \&ith

6.1.1 flames_demo.sh

This script can be used to do a complete data reduction ugfagilts for data reduction parameters.
Syntax:
$PI PE_HOVE/ uves/ fl ames/ scri pts/fl ames_deno. sh frame_|i st

Input:

e frane_|i st:ASCIllist of a complete data reduction set, i.e. a set of$-files comprising:

a Th-Ar line reference table

a raw Format-check frame

a raw Order-definition frame

Raw Bias frames (usually 5 frames)

raw Slit flat-field frames (usually 3 sets of 3 frames each)

13
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Figure 6.1: Data flow diagram for script flames_demao.sh.

Wavecal
Science

— raw Fibre flat-field frames: odd, even, all fibres (3 frames)
— araw Wavelength-calibration frame
— araw Science frame

Output:

e Guess line and order tables, DRS setup table (Format-ctiepkigorder-definition frame is provided
the order table is refined).

¢ all frames (except order-definition and format-check) ree@n associated fake bad-pixel mask and a
variance (sigma) frame.

e raw order-fibre table, order-fibre table, slit flat-field {#t), and fibre flat-field (fibreff*) frames.

e line tables.

¢ for each fibre: extracted, bias- and background-subtradkatfielded science spectrum, rebinned sci-
ence spectrum, merged science spectrum.

We think that this script, should be the easiest one to usa fmimplete data reduction with default param-
eters. Its output will be placed in the directory SHOME/mahw/tmpwrk/. This script uses the command
DEMO/FLAMES. As described below this command also has soararpeters with default values. If the
user wants to do a slightly different data reduction, s/heg neder to the provided example and eventually
customize it to his/her needs.

6.1.2 flames_popul.sh

This script prepares a complete set of calibration framdsetased to reduce a science frame.

Syntax:
$PI PE_HOMVE/ uves/ fl ames/ scri pts/fl ames_popul . sh frame_|i st

Input:

e frame_l|i st:ASCIllist of a complete data reduction set, i.e. a set ofFiles as listed for the script
flames_demo.sh (except for the science raw frame which isgr#ssary in this case).
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Figure 6.2: Data flow diagram for script flames_popul.sh.

Output:

e Guess line and order tables, DRS setup table (Format-ctiepkigorder-definition frame is provided
the order table is refined).

¢ all frames (except order-definition and format-check) iee@n associated fake bad-pixel mask and a
variance (sigma) frame.

e raw order-fibre table, order-fibre table, slit flat-field {#t), and fibre flat-field (fibreff*) frames.
e line tables.

e for each fibre: extracted, bias- and background-corredtatifielded science spectrum, rebinned sci-
ence spectrum, merged science spectrum.

We think that this command should be the easiest one to usertergte a complete data base. Its out-
put will be placed in the directory $HOME/midwork/tmpwrldnd the generated data base in the directory
$HOME/midwork/tmpwrk/data/ .

6.1.3 flames_steps.sh

This script can be used to do or repeat some particular stdptafreduction.

Sintax:

$PI PE_HOVE/ uves/ fl ames/ scri pts/fl ames_steps. sh frame_|ist <nunm>
Input:

e franme_l|i st: ASCII list of the FITS files required for the data reductioneois interested in. The
input depends by num >
— 0: Input is: a full list of raw data as for for flames_demo.sh

— 1: Input is: a formatcheck raw frame and a reference ThArtaBldditionally, if available, a not
necessary input are also 2 splitted reference slit forneaiclirames for that setting. The CDROM
contains them for each UVES wavelength setting in directiuyes/calib and have prefix mfc.

— 2: Input are a list of bias frames (usually 5).

— 3: Input are: 3 sets of 3 slit flat field each set. Two masterdsiagne for each chip, two drs setup
tables, one for each chip.

— 4: Input are: Raw data (Odd, even, all flat fields, a single fitatfield, slit flat fields) and
calibration data (guess order and DRS setup tables, maaters).
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— 5: Input are: ThAr raw frame. DRS setup tables, guess linkesalorder-fibre tables. Be careful
to use input order-fibre table file names up 8 char max withgtgrgion (e.g. longname.tfits).

— 6: Input are: science frame. slitff* and fibreff* frames, rexiases, order-fibre tables, line-fibre
tables.

e < num >: an optional number (0-6) indicating which data reductitepsone would like to perform
according to the following schema:
— none: it this case it is assumed as it would be given 0.
— 0: a complete data reduction comprising step 1-6.
— 1: formatcheck step. Generation of guess order table uségdaind guess line table used in 5.
— 2: Master bias generation used in 3, 4, 6.
— 3: Master slit flat field generation.

— 4: Master slit flat field preparation and fiber-order tableggation (used in 5, 6) and slitff* fits,
fibreff*.fits frames preparation (used in 6).

— 5: wavelength calibration (used in 6).
— 6: science reduction.

This script works similarly to the other (flames_demo.shjegpt for the fact that while flames_demo.sh uses
directly level 2 commands, flames_steps.sh uses level 1 eomisn Moreover this script also allows to select
and perform only a single step of the data reduction.

6.2 Level 0 commands

In this section we describe two commands which can do a cdaeghga reduction.

6.2.1 TUTORI/FLAMES
The CDROM release also provides data to support the commaiidORI/FLAMES. This command uses

these data to run the command CDROM/FLAMES which in turn dbesntire data reduction. Please refer
to the description of to the command CDROM/FLAMES.
6.2.2 DEMO/FLAMES

Command SyntaxDEMY FLAMES i n_cat [nethod] [filter_sw tch]
[ saturation_threshol d]

Input:
e i n_cat : Input catalogue with all necessary data. No default.

e et hod: Extraction method, either “opt” or “std". The default ig bg the MIDAS keyword DRS_EXT_MTD
(“opt™).

e filter_sw tch:Filter applied during PREPPA/FLAMES. Possible values‘amne" or “median”.
The default is set by the MIDAS keyword DRS_FILT _SW (“none”)

e saturation_threshol d: Threshold used by PREPPA/FLAMES to detect saturated giXEhe
default is set by the MIDAS keyword DRS_PTHRE_MAX (55000).

e bi as_net hod: Bias subtraction method. Possible values are;

— M: A given master bias is subtracted.
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— <value>. The given value is subtracted.

— N: No bias subtraction.

The default is set by the keyword MIDAS DRS_BIAS_MTD.

Output:

e All possible outputs from the data reduction (see shelpscand other commands later on).

Command description: This command executes a completaatitation.

A complete data reduction set, which must be listed in thetimatalogue, is a sequence of FITS files as
specified for the script flames_demo.sh at fage 49.

The user should look at the command sequence listed beloweasaaple of what to do to run the DEMO/FLAMES
procedure.

We assume that all needed data are in the MIDAS path.

create/icat ref.cat null DO _CLASSI FI CATI ON

add/icat ref.cat flames fmchk.fits I format-check frane

add/icat ref.cat flanmes_sof ff.fits I single-fibre order-definition frame
add/icat ref.cat flanmes_ all _ff.fits | odd fibre flat-field frane

add/icat ref.cat flanes_even ff.fits ! even fibre flat-field frane
add/icat ref.cat flanmes_odd ff.fits I all fibre flat-field frane

add/icat ref.cat flanes_thar.fits I wavel ength-calibration frame
add/icat ref.cat flames_sci.fits I science frane

slit flat-field franme #1
slit flat-field frame #2
slit flat-field franme #3
slit flat-field frane #4
slit flat-field frane #5
slit flat-field frane #6
slit flat-field franme #7
slit flat-field frane #8
slit flat-field frame #9

add/icat ref.cat flames _sffl.fits
add/icat ref.cat flanmes_sff2.fits
add/icat ref.cat flames _sff3.fits
add/icat ref.cat flanmes_sff4.fits
add/icat ref.cat flames _sff5.fits
add/icat ref.cat flanmes_sff6.fits
add/icat ref.cat flames sff7.fits
add/icat ref.cat flanmes_sff8.fits
add/icat ref.cat flanmes_sff9.fits

bi as frane #1
bi as frane #2
bi as frane #3
bi as frane #4
bi as frane #5

add/icat ref.cat flanes_biasl.fits
add/icat ref.cat flanmes _bias2.fits
add/icat ref.cat flanes_bias3.fits
add/icat ref.cat flanmes _bias4.fits
add/icat ref.cat flanes_biash.fits

SPLI T/ UVES ref.cat sref.cat

I NDI SK/ FI TS thargood_3.tfits thargood 3.tbl
ADD/ | CAT sref.cat thargood_3.tbl

CONFI GG DI SPLAY 800 600 0.8

DEMO FLAMES sr ef . cat
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6.2.3 CDROM/FLAMES

Command SyntaxCDROM FLAMES in_cat [nmethod] [filter_switch]
[ saturation_t hreshol d]

This procedure is a small modification of DEMO/FLAMES usingster biases instead that raw biases. The
reader may refer to that for a description.

Here we show the list of commands necessary to run it. We assloat all needed data are in the MIDAS
path.

create/icat ref.cat null DO_CLASSI FI CATI ON

add/icat ref.cat flames fnmchk.fits I format-check frame
add/icat ref.cat flames_ordef.fits I order-definition frane
add/icat ref.cat flanes_all _ff.fits I odd fibre flat-field frame
add/icat ref.cat flames _even ff.fits ! even fibre flat-field frame
add/icat ref.cat flames_odd ff.fits I all fibre flat-field frane

add/icat ref.cat flames_thar.fits I wavel ength-calibration frame
add/icat ref.cat flanmes_sci.fits I science frane

slit flat-field frame #1
slit flat-field frame #2
slit flat-field frame #3
slit flat-field franme #4

add/icat ref.cat flames sffl.fits
add/icat ref.cat flanmes_sff2.fits
add/icat ref.cat flames sff3.fits
add/icat ref.cat flanes_sff4.fits

SPLI T/ UVES ref.cat sref.cat

'I'n this tutorial we use a master bias

indisk/fits flames_nbia_redl.fits flanmes_nbia_redl . bdf

indisk/fits flames_nbia redu.fits fl ames_nbi a_redu. bdf

wite/des flames_nbia_redl.bdf {UVES | DSTRNG}/ c/ 1/ 40 MASTER Bl AS_REDL
write/des flanes_nbia redu. bdf {UVES | DSTRNG/ c/ 1/ 40 MASTER BI AS REDU

add/icat sref.cat flanes_nbia redl. bdf >Nul |
add/icat sref.cat flames_nbia_redu. bdf >Nul |
I NDI SK/ FI TS thargood_3.tfits thargood 3.tbl
ADD/ | CAT sref.cat thargood 3.tbl

CONFI G DI SPLAY 800 600 0.8

CDROM FLAMES sr ef . cat

6.3 Level 1 commands

FLAMES context command of level 1 are MIDAS wrappers of FLABIEontext command level 2, 3 and 4
and other MIDAS commands on which the FLAMES-UVES pipeliabased.

To each pipeline recipe usually corresponds one FLAMESesaével 1 command. These commands auto-
matically recognize input frames on the basis of the valub@®MIDAS file descriptor DO_CLASSIFICATION
added by the command SPLIT/UVES. These commands autothatidal to each frame the descriptors re-
quired by the DRS. Next follows a textual description of eaclmmand in some cases along with a graphical
description of the corresponding dataflow. In the graphaedcriptions image frames are rapresented by
rectangles; tables by parallelograms; recipes or theiivatgnt command by rounded rectangles; QC1 out-
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Figure 6.3: lllustration of the command level 1 completeadéiw.

put represented by ellipses. Level 1 commands uses datati@uyparameters with defaults set by global
keywords which in a few cases have been updated make morst ithisupipeline data reduction.

6.3.1 SPLIT/UVES

This command has been updated to support new and old UVESTBirat. This is a UVES context com-
mand which has been extended to support FLAMES data redudtioan be used either as a Level 1 or Level
2 command to start data reduction. This command has beeadgujto support the new and old FITS format.
It converts FITS files to BDF files (if necessary) and splits BDF file into two parts, one file for each CCD.
The catalog will be updated with the two new frames. For a RBIEB exposure it splits and flips the frame.
For FLAMES frames it also executes the commands FIBMSK/Hblcreate and set the FIBREMASK,
MAXFIBRES MIDAS descriptors and then creates and sets thePCHIOICE MIDAS descriptor.

Command SyntaxSPLI T/ UVES i nput [catal og] [trin

Input:
e i nput : input frames may be specified in different ways:

— as name.bdf MIDAS frame
— as name.fits FITS file

— as name.cat image catalog (FITS or BDF)
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e cat al og: output catalog with all produced output frames. The nam#hefcatalog is by default:
split.cat.

e trim trim flag. Setto 1 to switch trimming ON, i.e. all pre- and tszan regions will be cut off.
Switch OFF by setting trim to 0. Default: 1.

e Note:

— The separation of the 2 chips of the RED arm of UVES is assumbd &t the center of the frame.

— The command uses the following naming scheme for its outla fi
base_u.bdf: extraction of the UPPER chip (MIT)
base_l.bdf: extraction of the LOWER chip (EEV)
where base is the name of the input file without extensiorf,(.bth)

— The identification of the splitted frames may be done usimgRAT'S keyword ESO.PRO.CATG,
which has a suffix of REDL, REDU, respectively. Additidgathe MIDAS descriptor
DO_CLASSIFICATION defined by the global keyword UVES_IDSNIB will be updated. This
descriptor is usually used for file type identification.

6.3.2 FMTSTAB/FLAMES

This command is an adaptation of the UVES context FMTSTABA®o the FLAMES context (see [1]). We
suggest the user to have a look also at [1], chapter 3, whimViger useful plots to evaluate the quality of the
guess solution obtained with the current frame.

During FLAMES commissioning proper offsets were deterrdirier all the supported settings. We have
also upgraded the command: if a shift of the spectral forma¢ br Y direction is greater than 2 pixels the
command tries to autorecover point aggregation (with atlwhiaround 10-15 pix maximum allowed shift
above which only an instrument realignment could recoverdtiginal precision).

In case master formatchecks are available and are added teférence catalogue this command does also a
stability check measuring the shift of the current formatdhframe with respect to the master formatcheck.

Formatcheck
Frame

l N Line Refe

P . I Reference
flames_cal_predict << Table / ~ T T T 77 Formatcheck
or

FMTSTAB/FLAMES
or
(PREDICT/FLAMES

v

Line Table Order Table Background DRS setu . N .
(quess) (guess) Table vl Qct )

7/

~ -
- _ -

Figure 6.4: lllustration of the line table generation of firet guess solution based on the physical model of
UVES. Itis valid either for FMTSTA/FLAMES and PREDICT/FLAESS. The command FMTSTA/FLAMES
performs a stability check if it has as input reference faahack frames. A so called Formatcheck frame is
obtained with a arc lamp (ThAr) exposure and either a narigwisa single fibre.
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Command SyntaxX-MI'STAB/ FLAMES format _check frane [out _cat] ref _cat [xy_nbox]
[ xy_trans] [angl e]

Input:

e format _check_f rane: Frame taken with one single fibre illuminated with an arc garand all
other fibres dark. Must be either upper or lower chip, theefPLIT/UVES must be used first.

e out _cat : Optional output products catalogue. Set it46 to skip this option. Default ist.
e ref _cat : Optional output reference frame catalogue. Set ititbtd skip this option. Default ist-.
e | i ne_t abl e: Reference arc lamp line table, used for line identification

e Xy _mnbox: A two-value, comma-separated parameter indicating the¥a sizes of the search box
within which a physical-model line-position predictionrigatched with the actual position on the for-
matcheck frame. Default: 40,40.

e Xy_trans: Atwo-value, comma-separated parameter indicating sy the X and Y translation
values respect to a standard configuration to be appliecetphiisical model solution to obtain a good
match with the actual formatcheck frame. Proper parameteedch instrument setting can be found
using the command MODOFF/FLAMES.

e angl e: A three-value, comma-separated, parameter with angketsffof the echelle, the cross dis-
perser and the CCD in degrees. Default: 0,0,0.

Output:
e Same as FMTSTAB/UVES, PREDICT/FLAMES, PREDICT/UVES

In particular, in the end the procedure shows the averagenulibn X and Y shifts of the actual format-check
frame with respect to the reference format-check frame.

Command description:

Built around the command FMTSTA/UVES, to derive guess otdele, line table, and background table from
format-check frame. See also description for PREDICT/FLEASA

Creates a table of measured line positions for the actualdbcheck frame and the given reference format-
check, and through a correlation of the two determines tleeage and median X and Y shift of the actual
format-check frame with respect to the reference formatekHrame. This step is successful when the the final
“physical model plots” show a good aggregation, in particihe plot of XDIF (differences between model
predictions and data points along dispersion directionXu&lispersion direction) and YDIF (differences
between model predictions and data points along crossrdispalirection) vs Y. (cross dispersion direction).
Please consult [1] for clarifications.

6.3.3 PREDICT/FLAMES

This command is an adaptation of the UVES context commandCIP&EUVES to the FLAMES context
(see [1]). We suggest the user to have a look also at [1], eh&ptvhich provide useful plots to evaluate the
guality of the guess solution obtained with the current fart is supposed to be used in combination with
the command MODOFF/FLAMES, which gets the appropriate jgaysnodel shifts.

Command SyntaX?REDI CT/ FLAMES f or mat _check_frame [out _cat] line_table [xy_nbox]
[ xy_trans] [angl €]

Input:
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format _check_frame: Frame taken with one single fibre illuminated with an arc parand all
other fibres dark. Must be either upper or lower chip, thew®PLIT/UVES must be used first.

e out _cat: Optional output product catalogue. Set the catalog+tbih order to skip this option.
Default is+.

e | i ne_t abl e: Reference arc lamp line table, used for line identification

e Xy nbox: A two-value, comma-separated parameter indicating thedck ¥a sizes of the search box
within which a physical-model line-position predictionrnsatched with the actual position on the for-
matcheck frame. Default; 40,40.

e Xy trans: Atwo-value, comma-separated parameter indicating tisdy the X and Y translation
values with respect to a standard configuration to be appdigtle physical model solution to obtain
a good match with the actual formatcheck frame. Proper patemnfior each instrument setting can be
found using the command MODOFF/FLAMES. See note above ontb@msily get proper values of
this parameter.

e angl e: A three-value, comma-separated, parameter with angtetsffof the echelle, the cross dis-
perser and the CCD in degrees. Default: 0,0,0.

Output: (same as PREDICT/UVES)
e Mmain products:

— 0lIIRED:c. t bl : Table with detected order positiorié is the central wavelength in nm (520/580/860);
cis either 'U’ (upper chip) or 'L’ (lower chip)

— | llIREDe. t bl : Table with detected line positions and identificatiéhajs the central wavelength
in nm (520/580/860)¢ is either 'U’ (upper chip) or 'L’ (lower chip)

— bllIREDc. t bl : Table with inter-order positions for background extrantilll is the central wave-
length in nm (520/580/860}; is either 'U’ (upper chip) or 'L’ (lower chip)

— drs_setup_REDc. t bl : DRS setup table: is either 'U’ (upper chip) or 'L’ (lower chip)

Command description:

Based on the command PREDICT/UVES in the UVES context, grddhes a guess order table and a line
table from an arc lamp exposure obtained with a single fittwenihated (format check exposure). This type
of exposure enables a simultaneous order tracing as weltakkalation of the line positions (Th-Ar). These
computations are based on a physical model of UVES. Thessiqathynodel predictions are compared with
the arc lamp exposure in order to optimize the order and Bdetsolution. The line table should be used
as a first guess solution in the wavelength calibration m®c&he order table gives an estimate of the order
positions for the next commands. This step is successfuhwiire the final “physical model plots” show a
good aggregation, in particular the plot of XDIF (differescetween model predictions and data points along
dispersion direction) vs X (dispersion direction) and Y ithferences between model predictions and data
points along cross dispersion direction) vs Y. (cross diipa direction). Please consult [1] for clarifications.

6.3.4 Single fibre order table generation: ORDERPOS/UVES

To get an order table from a simultaneous calibration (ginfibre flat field one can use the command OR-
DERP/UVES having as input the DRS table and guess ordertiadblenes generated by PREDICT/FLAMES
(or FMSTAB/FLAMES). This UVES context command has been aggd to support FLAMES-UVES data
reduction (see [1]).
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Figure 6.5: Data flow diagram for command ORDERPOS/UVES.
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Figure 6.6: Data flow diagram for command MASTER/FLAMES (saas MASTER/UVES) in case of
master bias generation.

6.3.5 Master bias generation

We refer the reader to the UVES context documentation foctdmmand MASTER/UVES. In fact FLAMES
data reduction uses that command (see [1]).

Master dark generation

We refer the user to the UVES context documentation for temand MASTER/UVES. In fact FLAMES
data reduction uses that command (see [1]).

Master slit flat field generation

The purpose of this step is to create several master slit dlatsfieach corresponding to a given Y position.
To do this one could divide the raw slit flat fields in groupsteaaving the same Y position (having val-
ues of the FITS keyword ESO.INS.SLIT3.X1ENC and ESO.INSTSLX2ENC within 5 encoder steps) and
next on each group apply the command MASTER/FLAMES, whichdamne syntax as the command MAS-
TER/UVES. Otherwise one could put all the input data in alogtze were each frame is identified by its file
descriptor DO_CLASSIFICATION, and next use it as input of tommand MASFLAT/FLAMES, which
has same syntax as the command MASTER/UVES. The command MW3FLAMES sorts the raw slit flat
fields by Y position and to each group apply the command MAS/THERMES to produce as many master
slit flat fields as are the different groups of slit flat fields.

MASTER/FLAMES is the same as MASTER/UVES except that no gemknd subtraction is done (as the
input slit flat fields are at different Y position). Backgralisubtraction is done automatically later on in the
data reduction.
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6.3.6 ORFSFF/FLAMES

Command SyntaxORFSFF/ FLAMES i n_cat out _cat ref _cat [nethod] [bias val] [filter_sw
[saturation_threshold] [sff_fibff,drs_cubify]

Input:
e i n_cat : Input catalogue with splitted odd-even-all fibre flat fields

e out _cat : Name of catalog with output product frames. It will cont&iames with prefix “slitff” and
“fibreff” (see below) and the fibre-order table. Set it to’ to skip it. Default is+.

e ref cat: Name of reference catalogue containing splitted slit fleldfraw frames, a guess order
tables, master biases.

e net hod: Extraction method: “std" (standard) or “opt" (optimal); fst (fast-standard) or fop (fast-
optimal); or gst (quick-standard) or qop (quick-optimdihe default is set by MIDAS keyword DRS_EXT_MTD

(Hoptﬂ)'
e bi as_val : Value used in bias subtraction. Possible values are:

— M: uses a given master bias;
— < num>: uses a given number;

— N: No bias subtraction.

The default is set by MIDAS keyword DRS_BIAS_MTD (*“M").
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Figure 6.9: lllustration of the slit and fibre flat fields frargeneration.

filter_sw Optional filter applied using PREPPA/FLAMES. Possibleueal are “none” (no fil-
ter is applied) and “median” (a median filter is applied). Tdefault is set by MIDAS keyword
DRS_FILT_SW (“none”). See also PREPPA/FLAMES.

saturation_t hreshol d: Optional saturation threshold used to detect saturateslgpbefore ap-
plying the command PREPPA/FLAMES. The value is correctedase of bias subtraction with the
given number or in case of master bias subtraction with thdiameof the master bias. The default is
set by MIDAS keyword DRS_PTHRE_MAX (55000).

sff _fibff,drs_cubify: sff fibff. slitff* and fibreff* frames generation ? The deft is set by
MIDAS keyword DRS_SFF_FIBFF (*Y”). If N the computation temdrops significantly. It can be a
valid option for PSO in case of performance limitations._drsbify: generation of slitff* and fibreff*
as cubes. The default is set by MIDAS keyword DRS_CUBIFY (j:N'his last option has been asked
from DFO to reduce the number of calibration files produced bhance streamline their automatic
handling. We suggest the user to keep the defaults as set.

Output: See also output of commands PREPSLIT/FLAMES, PRERIAMES, OFPOS/FLAMES, PRE-
BKG/FLAMES, PREPFIBRE/FLAMES, PRENORM/FLAMES.

out _sl it _cat: Output slit flat-field frames catalog.

slitff_dataOz. bdf: Normalized, combined slit flat-field frame(s);= 1 or 2 (2 half slits cover
all fibre positions).

slitff_sigmaOz. bdf : Variance on combined slit flat-field frame(s).
slitff_badpi xel 0z. bdf : Bad-pixel mask for combined slit flat-field frame(s).
slitff _boundOx. bdf : Bounds for combined slit flat-field frame(s).

slitff_norm bdf : Normalization data for combined slit flat-field frame(s).
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slitff_conmon. bdf : Common data for combined slit flat-field frame(s).

fibreff_dataOz. bdf : Normalized, cleaned fibre flat-field frames;= 1 for odd-fibre flat-field,
x = 2 for even-fibre flat-field.

fibreff_sigmaOx. bdf: Variance on fibre flat-field frames.

fibreff_ badpi xel Oz. bdf : Bad-pixel mask for fibre flat-field frames.

fibreff_norm bdf : Normalization data for fibre flat-field frames.

fibreff_nsigma. bdf : Normalization sigmas for fibre flat-field frames.

fi breff_conmmon. bdf : Common data for fibre flat-field frames.

Command description:

Prepares slit flat-field and fibre flat-field frames for inchusiin the calibration database. The command
reduces first the lower-chip data and next the upper-chig. dette slit FF frames are normalised to be equal
where they overlap, then a minimal set of frames coveringdtgesty interval is produced and the latter are
added to the newly created catalogt _cat with the proper classification.

This command runs in sequence BPIMA/FLAMES (to create bldthad-pixel masks), PREPPA/FLAMES
(to associate variance and bad-pixel frames to existingpds), OFPOS/FLAMES (to locate all fibre and
order positions), PREBKG/FLAMES (to locate suitable positfor background-light extraction), PREP-
SLIT/FLAMES (to prepare input slit flat-fields), PREPFIBREAMES (to prepare input fibre flat-fields),
PRENORM/FLAMES (to compute fibre-to-fibre normalizationd)ast, classifies all output products. To
improve robustness (of this command and WAVECAL/FLAMES [RECE/FLAMES commands) this step
checks that for each detected order all the fibres are tracddfanot a fibre tracing is forced. Moreover
the command OFPOS/FLAMES, to prevent problems in the wagdecalibrations, excludes from the or-
der tracing the bottom right and upper left hand side corndrkis is done setting appropriate values of
keywords DRS_SCAN_MIN and DRS_SCAN_MAX, and using an appade value for the first compo-
nent of parameter P8 in OFPOS/FLAMES (used internally ircimamand hough/echelle) through parameter
DRS_P8_OFPOS_S1. Such values are wavelength dependent.

6.3.7 WAVECAL/FLAMES

Arclamp

Order Guess Line Gues¥ DRS setup
Table Table Table

flames_cal_wavecal oo ___ Line Rbelfer.
{ T ;
WAVECAL/FLAMESJ able

|

|

|

ibre Line Tab § RO
/oty B oo

Figure 6.10: lllustration of the wavelength calibrationudimn generation.

Command SyntaxWAVECAL/ FLAMES i n_cat out _cat ref_cat [nopde] [resol] [fits]
[ precision]
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Input:
e i n_cat : Input catalogue with splitted frame(s).
e out _cat : Optional output products catalogue. Defaui.’

e ref _cat : Optional reference catalogue containing a DRS setup taiilea guess line table (output of
PREDICT/FLAMES or FMTSTAB/FLAMES), and the fibre-order talfoutput of ORFSLT/FLAMES).
Default ‘+'.

e node: Mode how to perform the calibration. Optional. DefaultAsito’.

— Auto: the calibration will be done in guess mode, i.e. WLCMIGRUESS will be used in the
command IDENTI/ECHELLE of the ECHELLE context.

— Interactive: the calibration will be done interactively. \MMTD is set to PAIR for the call to
IDENTI/ECHELLE.

e r esol : Optional switch to produce spectral resolution plots. iB&t ‘Y’ to create spectral resolution
plots. Default: ‘Y’.

e fits: FITS output files ? Set it to 'Y’ to create FITS output filesyvimy appropriate FITS head-
ers, which may be ingested into the calibration databasés ke sense only outside the pipeline
environment (which anyway as such has final product in FIT8&) Optional. Default: ‘N’.

e preci si on: Parameter to set precision of solution. Defaults are s¢h&yWIDAS keywords
DRS_WCAL_DC and DRS_WCAL_TOL (4,0.6). DRS_WCAL_DC sets trder of the wavelength
solution. A value of 4 demonstrates as more robust than 5¢ctwigiad to a more precise solution.
DRS_WCAL_TOL set a threshold in pixel units. Line identitioas which are distant from the found
solution more than TOL are considered as outliers. TOL shbel less than 1. Small values of TOL
may lead to higher precision, but also to less identificatids suggested to adopt a value such that at
least 7-10 lines per order (and a given fibre) are found.

Output: see output of WAVECAL/UVES. It produces 2 tableisn{ wc} z. t bl , wherewc is the central
wavelength (in nm, 3 significant figures) setting, ane L (lower chip) or U (upper chip).

Command description:

Built as a modification of the command WAVECAL/UVES, extmdthe echelle orders by means of the
order table created using ORFSFF/FLAMES and determinegligpgersion relation for each order using
IDENTI/ECHELLE. The line identification will be done using a first guess solution a previously created
line table either from a physical model (PREDICT/FLAMES}rough an interactive run (P4=I) where you
have to identify 2 pairs of lines. Successful calibratiolusons can be verified looking at the residual plots
(see [1] the description of the command WAVECAL/UVES, foardiications. In particular chapter 3 of [1]
provides also a high level description with an examples @éittuals” and “resolution” plots). Good resolution
plots have typically residuals of the order of 0.01 or beffegstrom.

6.3.8 REDUCE/FLAMES

Command SyntadREDUCE/ FLAMES i n_sci ence_cat out _science_cat ref _cat [extract]
[bias_val] [filter_sw] [saturation_threshold] [drs_sci_cubify,drs_cubify]

Input:

e i n_sci ence_cat : Catalog of input science frames (after SPLIT/UVES).
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Figure 6.11: lllustration of the science reduction data flow

e OUt _sci ence_cat : Catalog of output science frames.

e ref cat: Catalog of reference frames (slit flat-fields, fibre flatdwlfibre/order table, background
table) created by ORFSFF/FLAMES.

e extract : Thisis acomposed parameter: method,drs_cor_fnd_mevddf _cor_rng,drs_def cor_pnt,drs_def cor

— extract: Extraction method, either ‘std’ (for standardragtion), or ‘opt’ (for optimal extraction)
or fst (for “fast” standard extraction) or “fop” (for “fastdptimal extraction). The default is set by
MIDAS keyword DRS_EXT_MTD (‘opt).

— drs_cor_max_fnd: definition of cross correlation shapee d@éfault is set by keyword
DRS_COR_MAX_FND (“Y”)

— drs_cor_def_rng: setrange of definition of correlationmhd-drs_cor_def rng,+drs_cor_def rng].
The default is set by keyword DRS_EXT_DEF_RNG (6).

— drs_cor_def_pnt: set number of definition point for cortiela shape: (Number of points:
2*drs_cor_def _pnt+1). The default is set by MIDAS keyworB® COR_DEF_PNT (25).

— drs_cor_def off: set measured offset for the correlatibapg: The default is set by MIDAS
keyword DRS_COR_DEF_OFF (0).

e bi as_val : Value used in bias subtraction. Possible values are:

— M: uses a given master bias;
— < hum>: uses a given number;
— N: No bias subtraction.

Deflauts is DRS_BIAS_MTD (“M").
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e filter_ sw Optional filter applied using PREPPA/FLAMES. Possibleueal are ‘none’ (no fil-
ter is applied) and ‘median’ (a median filter is applied). %ds0 PREPPA/FLAMES. Default is
DRS_FILT_SW (‘none").

e saturation_threshol d: Optional saturation threshold used to detect saturateelpbefore ap-
plying the command PREPPA/FLAMES. The value is correctedase of bias subtraction with the
given number or in case of master bias subtraction with thdiameof the master bias. Default is
DRS_PTHRE_MAX (55000).

e drs_sci _cubify,drs_cubify:
drs_sci_cubify: To have science products packed in planeslmes. The default is set by the MIDAS
keyword DRS_SCI_CUBIFY (N). DFO set thisto Y to limitate thember of pipeline products for the
science step.
drs_cubify: To be able to use input slitff* and fibreff* as @d? Default is set by MIDAS keyword
DRS_CUBIFY (“N”). Also this may be set (by DFO) to Y to simplibperations. To the normal user
we suggest to keep the defaults (N,N).

Output:

e extracted, flat-fielded, bias- and background-correctachésf xb~* .
Classified as XB_SCI_x, x=REDL or REDU.

e rebinned, extracted, flat-fielded, bias- and backgroumcected framesf xb+ . Classified as WXB_SCI_x.

e merged, rebinned, extracted, flat-fielded, bias- and backgt-corrected framaswf xb* . Classified
as MWXB_SCI_x.

Command description:

This command performs the actual spectrum extractioneedptimal or standard. The normalized odd/even
fibre flat-field frames output of previous commands are comghan the science frame, any y-axis shift be-
tween them is computed and compensated by shifting the aeluféore flat-fields; an optimal/standard ex-
traction is performed on the science frame, and the reguljpectra are created, one set of files for each
illuminated fibre. See also EXTRACT/FLAMES. Next, using time table created by WAVECAL/FLAMES,
the extracted spectra are rebinned and merged. Finallyrtducts are classified. This commands supports
different extraction modes. The normal extraction mode he just described, using optimal or standard
extraction, setting the parameter extract equal to “opt"sta”) is the one we suggest to the user. Fast ex-
traction mode (extract equal to “fop” of “fst”) is faster asifs the correlation step (but as such it may have
also lower quality). Quick extraction mode, which does reg at all the slit flat fields in the data reduction
chain, and does not do any correlation step, was implemeéntadswer to a Paranal Operation request, and
if used, requires that the complete data reduction (comsm@RIFSFF/FLAMES or PREPFIBRE/FLAMES
and PRENORM/FLAMES) is performed in a coherent way (usinglqdata reduction mode).

In case the correlation step fails (usually due to a large it bletween the observation and the calibra-
tions) we suggest the user to do the following. The shapeetthreelation function is contained in tables
cor_shape_x.tbl (x=I or x=u respectively for EEV or MIT ch)p Give commands:

PLOT/ TABL cor _shape |.tbl (to plot the correlation function profile)
GET/ GCUR (to get its maxi num position)

Next repeat the extraction appropriately setting the datign function parameters (through parametet r act ).
In this case usually drs_cor_def _rng can be decreased tezaorl.

For example to do optimal extraction with correlation (ORONction search (Y) in the range [-2,2], using
2*25+1 pixels and having measured a -4.5 pixel shift, one giay the command:
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REDUCE/ FLAMES i n.cat out.cat ref.cat OPT,Y,2,25,-4.5

If the user is running the extraction executing reductioocks (e.g. EXEC/RB sci.rb), after having got the
correlation function values, add in the end of the RB, in ase; (we use in the example dummy names and
indicate only a few dummy calibrations):

reci pe: flames_obs_scired
i nstrunent: uves

[ path_to _product _dir/SV/ir.ny_sci

{
/path_to_raw science/mnmy_sci.fits FIB_SCl _COM RED

}
{

/path_to _calibrations/ny_calibl.fits

/path_to _calibrations/ny_calibN fits
/path_to _calibrations/ny_calibl. tfits

/path_to _calibrations/ny_calibN tfits

}
OPT, Y, 2,25,-4.5
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6.4.1 PREPPA/FLAMES

Command SyntaxPREPPA/ FLAMES frane_cat [ bad_pi x_mask] [filter_sw tch]
[x width,y width] [n_iterations] [kappa_sigma_thres]
[apply_cuts _switch] [l ow cut, high _cut]

Input:
e frame_cat : Either a single frame or a catalog of frames (in all casesy 8PLIT/UVES).

e bad_pi x_mask: Optional initial bad-pixel mask, relative to the inputrras. Set it to+’ to disable
it. Default is+.

e filter_sw tch: ‘MEDIAN’ or ‘NONE’, toggles use of a median filter to derivelzad-pixel mask
(the default is set by MIDAS keyword DRS_FILT_MASK to ‘NONEOptional.

e X Width,y width: If filter_sw tch was setto ‘MEDIAN’, width in x and y of the median
window to be used (the default is set by MIDAS keyword DRS TFIHW_XY to : 2,1).

e N_iterations: Maximum number of median filtering iterations (the defaslset by MIDAS key-
word DRS_FILT_IMAX to 300).

e kappa_si grme_t hr es: Difference (sigmas) between the input frame and its mefiiemed frame
above which a pixel is marked as bad in the mask (the defasitisy MIDAS keyword DRS_FILT_KS
to 10).

e appl y_cuts_swi t ch: Should use cuts to mark saturated and cold pixels as bad mask (YES/NO).
The default is set by MIDAS keyword DRS_FILT _SAT _SWto YES.

e | ow cut, hi gh_cut: Cuts to be used in the cuts filter
(default is set by keywords DRS_PTHRE_MIN,DRS_PTHRE_MA2Q,55000).

Output:

e for each frame iri r ane_cat : Two more frames: an error frame (*_sigma.bdf), and a bagigrame
(*_mask.bdf).

Command description:

This command prepares frames read from disk for usage by B® @bmmands. Its input may be a single
frame or a catalog of frames. For each indicated frame, twofr@mes are created, a variance frame and a
bad-pixel mask frame, with suffixes _sigma.bdf and _magk.bdeir names are written into the descriptors
SIGMAFRAME and BADPXFRAME of the input frame. It must be udefore any other command that uses
raw (or calibration database) frames, except for the forohaick frame, the wavelength calibration frame and
the order-definition frame (unless this last is used altogretvith the odd and even fibre flat fields as input of
PREPFIBRE/FLAMES).

If the BADPXFRAME keyword is defined, it is assumed to contdia name of a generic bad-pixel frame
to be used as a first guess (i. e. known detector blemishesh iliput frame contains a BADPXFRAME
descriptor, this is assumed to contain the name of a firstsgbad-pixel frame to be used for that specific
frame. If both the MIDAS keyword BADPXFRAME and the descopBADPXFRAME are defined, the
corresponding bad-pixel frames are merged.

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

If recursive median filtering is enabled setting the paramiiiter_switch to median, for each pixel the median
of the good pixels in a neighbourhood defined by the x_widthyarwidth parameters is computed and if the
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pixel value differs by more than kappa_sigma_thres timesctimputed sigma, the pixel is flagged as bad.
This procedure is iterated until no new bad pixels are detectWhile this procedure is very effective at
pinpointing bad pixels, it is also computationally intergsiand thus very time consuming. For this reason it
is disabled by default.

If the apply_cuts_switch is set to YES, each pixel is comgpharith the validity interval provided by the
low_cut and high_cut parameters and any pixels outsideinkésval are flagged as bad. This is meant to
quickly catch saturated pixels and/or bad values due tdreldcs. The cuts must be chosen keeping in mind
whether the input frame was already bias-subtracted oramut,leave enough allowance for normal noise, in
order not to cause a spurious mass rejection of pixels.

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 namvaés)\were) set in the BADPXFRAME
keyword and/or descriptor.

6.4.2 BPIMA/FLAMES
Command SyntaxBPl M FLAMES tenpl ate_i ma [out _bad_pi x_ina] [saturation_threshol d]

Input:
e t enpl at e_i na: Template image
e out bad_pi x_i ma: Output bad-pixel image name (default ‘bp.bdf’).

e saturation_t hreshol d: Threshold used to detect saturated pixels. The defaudt isyskeyword
DRS_PTHRE_MAX (55000).

Output:
e Mmain products:

— bad_pi x_i ma: Output bad-pixel image with the specified name, filled with (good/bad pix-
els, respectively).

Command description:

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

Note: To actually make use of the bad-pixel image createdhisycommand, one should set either the BAD-
PXFRAME keyword (to use it as a global default) or the BADPX&WRE descriptor (on a frame by frame
basis) to its name, or supply its name as a command line argumére PREPPA/FLAMES command. See
also the documentation of the PREPPA/FLAMES command.

6.4.3 OFPOS/FLAMES

Command SyntaxOFPOS/ FLAVES

[ guess_order table],[output _order_pos table],[in_fibre cat],[nmx_extend]
[nb_traces] [widthi] [hough trans_switches] [thresi] [x_degree, ord_degree]
[ hot _thres,step] [cluster,slope_mn, sl ope_nax, step_sl ope, step_orig]

Input:
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guess_order _t abl e: Table with first-guess order positions, e.gl/REDc.tbl output from PRE-
DICT/FLAMES; [l is the central wavelength in nm (520/580/860)s either 'U’ (upper chip) or 'L
(lower chip). If this is not provided, it defaults to “ordém”.

out put _or der _pos_t abl e: Table with central column position coordinates (defaulttab.tbl).

i n_fibre_cat: Input catalog, listing odd- and even-fibre flat-field framfes either upper or lower
chip (use SPLIT/UVES in advance). It defaults to “flat.cat”.

max_ext end: number of additional orders to look for, beyond those inghess_order_table (default:
3)

nb_traces: number of traces to look for in each frame, see P2 in DEFINBA&GH (default:
NBTRACES keyword)

wi dt hi : see P3 of DEFINE/HOUGH (default: WIDTHI keyword)
hough_trans_swi t ches: see P4 of DEFINE/HOUGH (default: DENSE)
t hr esi : see P5 of DEFINE/HOUGH (default: THRESI keyword)

x_degree, ord_degr ee: degrees of the bivariate polynomial to be fitted to the omtres, see
P6 of DEFINE/HOUGH (default: DEFPOL keyword)

hot t hres, st ep: see P7 of DEFINE/HOUGH (default: 100000,10)

cluster, sl ope_nmin, sl ope_max, step_sl ope, step_ori g: see P8 of HOUGH/ECHELLE
This parameter always use default: DRS_ P8 OFPOS_S1,:005,1). It may be partially modified
changing the cluster subparameter (DRS_P8 OFPOS_S1hwaicdefault values 0.05,0.10,0.10 re-
spectively for 520,580,860 settings.

Output:

e main products:

— frames ini n_f i br e_cat : Same frames as input, shifted.
— out put _order _pos_t abl e: Table with detected fibre/order position coefficients

e other products:

— traci ng_orders.tbl : Auxiliary table with selected order positions
— functi on. t bl : Auxiliary table

— graph_wndaxxz. pl t : Graphical file (MIDAS);xxx is a number

— m ddumrh. bdf : Temporary frame (Hough Transform image)

— m ddummt . bdf : Temporary frame (Hough Transform image)

— m ddunmi . bdf : Temporary frame

— m ddummr . t bl : Temporary order Table

Command description:

This command finds all “traces” in a set of fibre flat-field fraanim which lit fibres do not overlap, typically
an even and an odd fibres frame. The nb_traces parametet, fbsms the software to detect exactly this
number of traces.
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The traces are found using the Hough transform techniqternially running the low level HOUGH/ECHELLE
command with appropriate parameters. To improve robustoéthe wavelength calibration and the extrac-
tion in different settings we have set values of SCAN keyw@a&k help of hough/echelle) with the MIDAS
keywords DRS_SCAN_MIN (set to 55,73,73) and DRS_SCAN_MAgt to 1993,1975,1975) to prevent the
case in which it could be detected very small portion of fibnethe two corners 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 thevalparameters can be given on the command
line and are passed along unchanged, but it is strongly edl¥isavoid changing them if their meaning is not
clear to the user (i. e. read the documentation for the HOWEEHHELLE MIDAS commandeforedoing
any change of defaults for parameter P8).

These traces are then correlated with the order positiams fne first guess order table, and labelled according
to order and fibre number as deduced from the FIBREMASK keghirothe fibre flat field frames.

The orders are then fitted with a polynomial of degrees aseigfinthe DEFPOL keyword, assuming constant
relative positions of the fibres. The polynomial coefficgeate stored in the COEFFD descriptor of the output
order-fibre table, while the relative position of the fibres atored in the FIBREPOS descriptor of the same
table.

6.4.4 PREBKG/FLAMES

Command SyntaxXPREBKG FLAMES or der _t abl e back_tabl e [ n_wi ndows]
[ x_ width _max,y w dt h_max]

Input:

e or der _t abl e: Table with best-guess order positions, created e. g. by@8#PLAMES.
e back _t abl e: Name of the background position table to be created.

e n_wi ndows: Optional number of windows in each inter-order space. Tékault is set by keyword
BKG_MAX_10_WIND (500).

e Xx_W dt h_max, y_w dt h_max: Optional maximum X,y widths of each window. Defaults aretse
keyword BKG_XY_WIN_SZ (6 pixels in x, and 2 pixels in y).

Output:

e back t abl e: Background position table, for computation of scattdight background.

Command description:

This command takes as input the order table (e.g. the tablerder.tbl created by PREDICT/FLAMES) to
create a table of positions where the scattered-light backgl may be computed, in regions not illuminated
by any fibre.

The user is advised to recreate the background table ustrayder-fibre table from the PRENORM/FLAMES
command before starting optimal (standard) extractiongdneral, when a background table and an order-
fibre table are required for a DRS command, it is consideramtigactice to freshly create the background
table using the same order-fibre table to be subsequentty use

Subtracting a poor background may easily make a disastarbisegsjuent data reduction steps, affecting the
quality of the extracted spectra and the DRS robustnessrefidne, in highly pathological cases, such as
strongly saturated, bright emission lines bleeding indapgrts of a frame, it is recommended to run the
SELECT/BACK command on the background table and to makethateonlybona fidebackground regions
are left selected, before actually using it.

See also the BKFIT/FLAMES command for a standalone backgtdiion a frame.
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6.4.5 MSFFSZ/FLAMES
Command SyntaxXMSFFSZ/ FLAMES slit _ff _frame order_table
Input:

e slit_ff _frane:Inputslit flat-field frame.

e order _t abl e: Order(-fibre) table, from PREDICT/FLAMES or from ORFSFEAMES.

Output:
e main products:

— Inputsl it _ff _franme with added keywords YSHIFT and HALFWIDTH

Command description:

Finds the FWHM acrosg 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 oquesitions as traced by the order table, and writes
these data as keywords YSHIFT and HALFWIDTH of the inputftit-field frame. This command has to be
used before using PREPSLIT/FLAMES.

Note: the automatically determined HALFWIDTH is rather servative for reasons of robustness, it may be
slightly underestimated This command has been made moustrobrelease 2.1.0.

6.4.6 PREPSLIT/FLAMES
Command SyntaxXPREPSLI T/ FLAMES in_slit _cat order _table out_slit _cat out_slit_nane

Input:

e i n_slit_cat: Inputslitflat-field frames catalog. The frames must havenq@ocessed with SPLIT/UVES
and PREPPA/FLAMES.

e order _t abl e: Table with order/fibre positions, as created by e. g. OFIFOSMES.
e out _slit_cat:Name of output slit flat-field frames catalog.

e out _slit_nane: Base name for output slit flat-field frames.

Output:

e main products:

— out _sl it _cat: Output slit flat-field frames catalog.

— out _slit_nanme_dat aOz. bdf : Normalized, combined slit flat-field frame(g)js a humber,
usually not larger than 2 (2 half slits should cover all fibositions).

— out _slit_nane_si gma0Ozx. bdf : Variance on combined slit flat-field frame(s).
—out _slit_name_badpi xel 0z. bdf : Bad-pixel mask for combined slit flat-field frame(s).
—out _slit_name_boundOx. bdf : Bounds for combined slit flat-field frame(s).
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— out _slit_name_norm bdf: Normalization data for combined slit flat-field frame(s).
— out _slit_nanme_conmon. bdf : Common data for combined slit flat-field frame(s).

e other products:

Command description:

This command takes a catalog of calibration slit flat-fielhies (at least 2 frames), ordered by Y shift and
rescaled in intensity so that each frame intensity is theesasrthe one of the previous adjacent one where the
two overlap, and creates a new, minimal set of slit flat-fiedahfes plus other auxiliary frames (normalization,
boundary data) used by subsequent DRS commands. On eaclslibfiat field frame, the HALFWIDTH
and YSHIFT descriptors should be set, defining respectitheyhalf width of the flat part of the orders and
the offset between the order centres in this frame and ther @ehtres as traced by the order-fibre table. See
the MSFFSZ/FLAMES command to automatically set them, ottsan by hand, if preferred.

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

6.4.7 PREPFIBRE/FLAMES

Command SyntaxPREPFI BRE/ FLAMES in _fibre cat,(in_slit_cat) back table
raw order _table [threshold] out fibre cat out fibre_name method

Input:

e i n_fibre_cat: Inputfibre flat-field frames catalog. The frames are thosated by OFPOS/FLAMES.

e slit_cat: Inputslit flat-field frames catalog. The frames are thosatad by PREPSLIT/FLAMES.
This is necessary only if method is one of opt, sta, fop, fstugually suggested to correct for eventual
fibre shifts).

e back_t abl e: Background position table, created by PREBKG/FLAMES.
e order _t abl e: Table with detected order positions, created by OFPOSMES.

e t hr eshol d: k-sigma threshold for bad pixel rejection. Default is sgkbyword DRS_S_THRE (10)
sigmas.

e out _fi bre_cat: Name of output fibre flat-field frames catalog.
e out _fi bre_nane: Base name for output fibre flat-field frames.

e net hod: extraction method. If extraction method is qop or gst, ttiiextraction is performed and
slit flat fields are not used. The default is set by MIDAS keydvDIRS_EXT_MTD to opt.

Output:

e main products:

— out _fi bre_cat: Output fibre flat-field frames catalog.

—out _fibre_nane_dat aOx. bdf : Normalized, cleaned fibre flat-field frames= 1 for odd-
fibre flat-field,z = 2 for even-fibre flat-field.

—out _fibre_nane_si gmaOz. bdf : Variance on fibre flat-field frames.
—out _fibre_nane_badpi xel 0x. bdf : Bad-pixel mask for fibre flat-field frames.
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— out _fibre_nane_norm bdf : Normalization data for fibre flat-field frames.
— out _fibre_nanme_nsi gna. bdf : Variances of the normalization data for fibre flat-field fiegn
— out _fibre_nane_conmon. bdf : Common data for fibre flat-field frames.

e other products:

— order. t bl : Modified table with detected order positions.
— m ddumma. t bl : Temporary table with correlation function results.

Command description:

Takes as input the same odd/even fibre flat-field frames whiete wsed for order-fibre detection in OF-
POS/FLAMES, normalizes them (each fibre is normalised tdegrated flux at each position), and selects
only fibres falling within the region illuminated in the sfiat-field frames, to create a new set of odd/even
fibre flat-field frames plus other auxiliary frames (normatian, fibre boundaries) used by subsequent DRS
commands. Any bad pixels in the input fibre flat-fields arediNgth interpolated values, if possible. Each
fibre is then correlated with a Gaussian centred at the paositaced by the order-fibre table, with a variable
offset.

The variabley offset is allowed to span the interval between -MAXYSHIFOarMAXYSHIFT.

The half width at half maximum of the Gaussian pseudo-fibsegad from the GAUSSFIBRESIGMA key-
word, and their total half width is read from the GAUSSHALFWIH keyword.

The offset corresponding to the maximum correlation is dawedescriptors, to be used as a “zero-point”
correction for fibre asymmetry when measuring actual fibfeaté on other frames. For this correction to be
effective, subsequent correlations are forced to use the §gaussian parameters (i. e. GAUSSFIBRESIGMA
and GAUSSHALFWIDTH) which were used here.

6.4.8 PRENORM/FLAMES

Command SyntaxX?RENCRM FLAMES al | _fibre ff _frame fibre ff _cat,(slit_ff_cat)
back _table,in_order_table out_order_table [threshol d]
[ met hod] [max_shift]/[w ndow si ze]

Input:
e all _fibre ff _frame:Inputall-fibre flat-field frame, processed by SPLIT/UVES®REPPA/FLAMES.

e fibre_ff_cat: Odd/even normalised fibre flat-field frame catalog. The #amvhich have been
created by PREPFIBRE/FLAMES.

e slit_ff _cat:Equalised slit flat-field frame catalog. The frames whictehbeen created by PREP-
SLIT/FLAMES. This input is necessary only if extraction tedl is opt, sta, fop or fst.

e back_t abl e: Background position table, created by PREBKG/FLAMES.

e i n_order _t abl e: Table with detected order positions, as created by OFPIOSVES and updated
by PREPFIBRE/FLAMES.

e out _order _t abl e: Name of output fibre/order table.

e t hr eshol d: k-sigma threshold for bad-pixel rejection. Default islsgMIDAS keyword DRS_KSIGMA THRE
to 10 (sigmas).

e net hod: extraction method. Optimal (opt), Standard (sta), famtroal (fop), fast-standard (fst),
quick-optimal (qop) or quick-standard (gst). Default i$ bg MIDAS keyword DRS_EXT_MTD to
opt.
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e max_shi ft/w ndow_si ze: In case of optimal extraction, one can specify the maximushift
(world coordinates) to be searched between science arfitlihframes. Default value is set by MIDAS
keyword MAXYSHIFT. In case of standard extraction one cagecify the extraction window size. This
parameter has default set by MIDAS keyword DRS_EXT_W_SIZ.

Output:

e Mmain products:

out _order _t abl e: Output fibre/order table.

out fibre_nane_norm bdf : Modified normalization data for fibre flat-field frames.

out _fibre_nane_nsi gnma. bdf : Modified normalization sigmas for fibre flat-field frames.

out _fibre_nanme_common. bdf : Modified common data for fibre flat-field frames.

m ddunma. t bl : Temporary table with correlation function results.

m ddumma. bdf : Estimated background frame.

m ddunmb. bdf : Fitted frame with optimal extraction.

m ddumt. bdf : Sigma frame recalculated with optimal extraction.

m ddumd. bdf : Mask frame with pixels used in the extraction.

Command description:

This command performs an optimal or standard (accordingdwalue chosen for the parameter P6=method)
spectrum extraction on the all-fibre flat-field frame.

e First, if the BKGFITINLINE keyword is set to “yes” (as it is bgefault), a polynomial background is
fitted to the positions in the back table, and subtracteah fitoe all_fibre ff frame. For more details
about how this is done and which keywords control it, see theudhentation about the standalone
level 3 command BKFIT/FLAMES. Setting BKGFITINLINE to “nafisables inline background fitting
and subtraction.

e Then the y-axis shift of the orders/fibres in the all_fibrefrime is found by correlating the frame
with a synthetic one composed of Gaussian-shaped pseuds-fientred on the positions traced by the
order-fibre table, with a variable offset in the directiongendicular to dispersion. The maximum of
said correlation is found, and the corresponding offsebrsected for the “zero-point” shift measured
at the PREPFIBRE/FLAMES stage. For more details about hasvishdone and which keywords
control it, see the documentation about the standaloné3ss@mmand FNDRYSHIFT/FLAMES. This
y offsets are saved as a descriptor called YSHIFT in the seiétane. The correlation step can be
disabled by setting the max_shift parameter to zero or,vatgritly, setting to zero the MAXYSHIFT
keyword and leaving the max_shift parameter blank. In thse¢ the values already contained in the
YSHIFT descriptor are used.

e The normalised fibre flat-field frames are then shifted todptirem to coincidence with the above offset
and are multiplied by the slit flat-field frames to approximébre 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 fitles deconvolution coefficients are computed
directly from the odd/even fibre flat-fields).

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

Command SyntaxeXTRACT/ FLAMES sci ence_frane fibre ff _cat,(slit_ff _cat)
back tabl e, order _table [out_spectra] [threshol d]
[method] [max_shift]/[w ndow size] [correl pars]

Input:

e sci ence_frane: Input science frame to extract (after SPLIT/UVES and PREFPPAMES).

e fibre ff _cat:Normalised odd/even fibre flat-fields catalog (frames arndlog created by PREP-
FIBRE/FLAMES).

e slit_ff _cat:Equalised slitflat-fields catalog (frames and catalogteeby PREPSLIT/FLAMES).
This need only if extraction is opt, sta, fop, fst.

e back _t abl e: Background position table, created by PREBKG/FLAMES.

e order _t abl e: Table with fibre/order position coefficients, created byBNRORM/FLAMES (pre-
ferred) or OFPOS/FLAMES.

e OUt _spect ra: Base-name for output extracted spectra. Default is “s&i&n

e t hr eshol d: k-sigma threshold for bad pixel rejection. The defaulestsy keyword DRS_K_S_THRE
(10) sigmas.

e net hod: extraction method. Extraction can be optimal (opt), staddsta), fast-optimal (fop), fast-
standard (fst), quick-optimal (qop), quick-standard Xg8he default is set by keyword DRS_EXT_MTD
(opt).

e max_shi ft: Maximum y shift (world coordinates) to be searched between sciendeflatifield
frames. Default value is keyword MAXYSHIFT.

e Wi ndow_si ze: In case of standard extraction this parameter sets thaaiin window in the cross-
dispersion (y) direction (world coordinates). The defasilset by keyword DRS_EXT_W_SZ (10). It
may be reduced in some cases (see command description).

e correl _pars:In case of optimal or standard extraction one may set pasmeontrolling the defi-
nition of correlation function shape. correl_pars is a fipldtcomponents parameter. correl_pars=drs_cor_maxdfad

— drs_cor_max_fnd: definition of cross correlation shapee diafault is set by keyword
DRS_COR_MAX_FND (“Y")

— drs_cor_def_rng: setrange of definition of correlationmhd-drs_cor_def rng,+drs_cor_def rng].
The default is set by keyword DRS_EXT_DEF_RNG (6).

— drs_cor_def_pnt: set number of definition point for cortiela shape: (Number of points:
2*drs_cor_def _pnt+1). The default is set by MIDAS keyworB® COR_DEF_PNT (25).

— drs_cor_def off: set measured offset for the correlatibapg: The default is set by MIDAS
keyword DRS_COR_DEF_OFF (0).
Output:
e Mmain products:

— out _spectra_000f. bdf : Extracted spectrum for fiber rff, in pixel-order space, corrected
for fibre throughput.
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out _spectra_si g000f. bdf : Variance on extracted spectrum.

out _spectra_rawd00f. bdf : Extracted spectrum, uncorrected for fibre throughput.
out _spectra_rawsi g000/f. bdf : Variance on uncorrected extracted spectrum.
out _spectra_ext co000f. bdf : Mask for extracted spectrum.

out _spectra_rawext co000f. bdf : Mask for uncorrected extracted spectrum.

Command description:

This command performs an optimal or standard normal specextraction. Are supported three modes:
“normal” (extract=opt/sta), the one suggested to the u$ast” (extract=fop/fst), which uses input slit flat
fields to clean the fibre PSFs but skips the steps of Y-shifirdéhation and compensation (see below), a bit
faster than “normal”; “quick” (extract=qop/qst) which dorot uses the slit flat fields and does not correct for
fibre shifts, the fast and less accurate mode.

e Background determination. First, if the BKGFITINLINE kegwd is set to “yes” (as it is by de-
fault), a polynomial background is fitted to the positionsttie back table, and subtracted from the
science_frame. For more details about how this is done ancdhvkeywords control it, see the docu-
mentation about the standalone level 3 command BKFIT/FLAVE&etting BKGFITINLINE to “no”
disables inline background fitting and subtraction.

e Y-shift determination. Then the y-axis shift of the ordébsés in the science_frame is measured cor-
relating the frame with a synthetic one composed of Gausdiaped pseudo-fibres centred on the
positions traced by the order-fibre table, with a variablseifin the direction perpendicular to disper-
sion. The maximum of this correlation function is found ahé torresponding offset is corrected
for the “zero-point” shift measured at the PREPFIBRE/FLA®MEBtage. For robustness, this step
comprises a preliminar correlation function shape deteation and rough search for its maximum.
This feature can be deactivated by the keyword(s) DRS_CORXNFND, DRS_COR_DEF_RNG,
DRS_COR_DEF_PNT. For more details about how this is donendnich keywords control it, see the
documentation about the standalone level 3 commands FNIDFBALAMES and
FNDRYSHIFT/FLAMES. In particular, if the order table praldd here was updated by the
PRENORM/FLAMES command, inline correlation will work as NDYSHIFT/FLAMES, whereas
otherwise it will work as in FNDRYSHIFT/FLAMES. Thig offset is saved as a descriptor called
YSHIFT in the science frame. The correlation step can bebtisiaby setting the max_shift parameter
to zero or, equivalently, setting to zero the MAXYSHIFT kegnat and leaving the max_shift parameter
blank. In this case, the values already contained in the ¥Stdlescriptor are used.

e Y-shift correction. The normalised fibre flat-field frameg &nen shifted to bring them to coincidence
with the above offset and multiplied by the slit flat-fieldrfras, to approximate fibre flat-field frames
exactly matching the science frame.

e Extraction. The frames determined as explained above areuked to perform an optimal extraction
on the science frame, including a deconvolution of adjafibnes (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 thestairon and reducing the integration window to the
core of the fibres only, rather than optimal extraction, toimise fibre 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 writte the disk on files in MIDAS format, one set of
files for each illuminated fibre.
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The standard extraction includes the deconvolution ofcadjgfibres, be them neighbouring fibres of the same
order or the first and last fibre of adjacent orders. The dedlatien coefficients are computed directly from
the shifted fibre flat-field frames.

Since in the case of fast optimal extraction no attempt aisathade to compensate for apyoffset of the
science frame with respect to the normalised fibre flat-fidches, this method should be selected with some
caution.

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

6.4.10 MERGE/FLAMES

Command SyntaxXVERGE/ FLAMES i n_spectrumrebi n_base_nane nerge_base nane
Input:

e i n_spectrum A single spectrum in pixel-order space, as extracted byBRK& RACT/FLAMES
command. The name of the corresponding variance and batlfpixnes are read from the descriptors
SIGMAFRAME and MASKFRAME of the spectrum.

e rebi n_base_nane: The name of the rebinned spectrum. The names of the condsmprebinned
variance and bad pixel frames are derived appending regelgct sigma” and “_mask” to this name.

e ner ge_base_nane: The name of the optimally merged spectrum. The names ofdiresponding
rebinned variance and bad pixel frames are derived appgndspectively “ sigma” and “_mask” to
this name. The latter names are also written as descript@M8FRAME and MASKFRAME in the
merged spectrum frame.

Output:

e main products:

— mer ge_base_nane. bdf : The optimally merged spectrum.
— mer ge_base_nane_si gna. bdf : The variance of the optimally merged spectrum.
— nmerge_base_nane_mask. bdf : The bad-pixel mask of the optimally merged spectrum.

— rebi n_base_nane. bdf : The rebinned spectrum in wavelength-order space.

— rebi n_base_nane_si gna. bdf : The variance of the rebinned spectrum in wavelength-order
space.

— rebi n_base_nanme_mask. bdf : The bad-pixel mask of the rebinned spectrum in wavelength-
order space.

Command description:

This command first makes use of the REBIN/ECHELLE commandtoran extracted spectrum, its variance
and its bad-pixel mask. Then it performs optimal merginghef orders, computing every pixel in the merged
spectrum as a weighted average of all good pixels availablering its wavelength bin, with weights equal
to the inverse of the respective variances.

For REBIN/ECHELLE to work, wavelength calibration must baween done already, using normal MIDAS
echelle context facilities, i. e. LINTAB and SAMPLE keywarchust be properly set and LINTAB must point
to a valid wavelength calibration table.
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Sometimes this command appear less robust than the conmobirREBIN/ECHELLE, MERGE/ECHELLE
from the standard ECHELLE context. For this reason defawdtgimg adopted by the level 1 command
REDUCE/FLAMES uses the echelle context commands.

Important information is contained in the binary table esiens. The most important information about the
observed object (object id, its magnitude, right ascenaiwh declination, fiber id) is displaied together with
the reduced spectra using the command plot/uves (seers@i@t pagE85).

6.5 Level 3 commands

6.5.1 BKFIT/FLAMES

Command SyntaxBKFI T/ FLAMVES i n_frane order _tabl e background_t abl e
kappa_si gma_t hreshol d background_frane

Input:
e i n_frame: Asingle frame (after SPLIT/UVES and PREPPA/FLAMES).

e order _tabl e: An order-fibre table, as produced by e. g. OFPOS/FLAMESsibbs updated by
PRENORM/FLAMES.

e background_t abl e: A background table, as produced by PREBKG/FLAMES, pogsiith only
a subset of it selected, e. g. using SELECT/BACK.

e kappa_si gna_t hr eshol d: The kappa factor to be used in kappa_sigma clipping whiiadithe
background (The default is set by MIDAS keyword DRS_K_S HHR 10).

e out _back_i ma: the fitted background image name

Output:

e main products:

— out _back_i ma. bdf : The fitted background image.

Command description:

This command estimates the scattered light background iWEB&SJframe, fitting a bivariate polynomial on
the regions of the input frame listed in the background table degrees of the polynomial are read from the
BKGPOL keyword.

e First, the order centres in the input frame are computed esriddle point between the first and last
lit fibres (as read from the FIBREMASK descriptor). If thisaffset with respect to the order positions
mapped by the order table, the positions of the windows irbekground table are corrected accord-
ingly. Then, all the windows in the background table are mnied to exclude any positions in the input
frame where light from the fibres is supposed to be presemtdaovis which happen to be trimmed to
zero size are obviously discarded at this stage.

e As asecond step, if the BKGBADSCAN keyword is set to “frantior “absolute”, a neighbourhood of
size determined by the BKGBADWIN keyword of each pixel ineadndow left from the remaining
stage is checked for bad pixels. Bad pixels in each neigtiomar are counted, and if they exceed the
fraction set in BKGBADMAXFRAC (if BKGBADSCAN="fraction”)or the total number set in BKG-
BADMAXTOT (if BKGBADSCAN="absolute”), that pixel is remosd from the window. Windows
which turn out to be empty after this additional trimming discarded. This second trimming step is
skipped if BKGBADSCAN is set to “none”.
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e As athird step, a list of points to be fit is built from the ingtagme and the remaining windows from the
steps above, in one out of four possible ways, selected byatbe of the BKGFITMETHOD keyword.
If BKGFITMETHOD="all", the list consists simply of all theigels contained in the windows. If
BKGFITMETHOD="median”, for each window the pixel with theedian value is found and added
to the list. If BKGFITMETHOD="minimum”, for each window thpixel with the minimum value is
found and added to the list. Finally, if BKGFITMETHOD="awagre”, for each window the median
value is found first, all pixels in the window differing frorhinore than kappa_sigma_threshold times
their standard deviation are discarded, and the weightethge of the remaining pixels in the window
is added to the list.

¢ As afourth step, a bivariate polynomial is actually fit to tis¢ of pixels.

e Then, the values in the list are compared to the fitted valifiagy pixel in the list deviates from the fitted
values more than kappa_sigma_threshold times its staléaidtion, at most MAXDISCARDFRACT
times the number of pixels in the list are discarded in ons gasorder of worst fit, and the fit repeated
on the remaining ones. This loop is repeated until no morelpiare rejected from the list, or until it
has been repeated MAXBACKITERS times, whichever comes first

e The resulting bivariate polynomial is then evaluated oterfull input frame, and saved with the name
specified at the command line.

Note since this same background fitting algorithm is integratedere needed, in data reduction steps (for
speed reasons), the use of this command is mostly reservedhfmostic purposes, or in cases where back-
ground fitting and subtraction is particularly difficult anéeds quite a bit of fine tuning of the parameters,
as it may happen if extremely bright, strongly saturatedssion lines are present in the frame. In such
a case, it is indeed recommended to perform the backgrouimyfdas a separate step, subtract it from the
frame(s) to be reduced and disable inline background fitting subtraction in the level 2 DRS commands
(e. g. OPTEXTRACT/FLAMES) to be used on it.

6.5.2 FNDYSHIFT/FLAMES

Command Syntax=NDYSHI FT/ FLAMES in_franme fibre ff _cat slit_ff _cat order_table
[ max_shift]

Input:

e i n_frame: Asingle frame (after SPLIT/UVES and PREPPA/FLAMES).

fibre_ff_cat:Acatalog of normalised fibre flat-field frames, as produce®@REPFIBRE/FLAMES
and updated by PRENORM/FLAMES.

e slit _ff cat: A catalog of equalised slit flat-field frames, as produced®REPSLIT/FLAMES.

e order _t abl e: An order-fibre table, as produced by e. g. OFPOS/FLAMES authted by
PRENORM/FLAMES.

e max_shi ft: Maximum y shift (world coordinates) to be searched between in_frane fiat-field
frames. Default value is keyword MAXYSHIFT.

Output:

e Mmain products:

— YSHI FT: A MIDAS descriptor written into the input frame in_framegrtaining they shift of the
fibres in in_frame with respect to the fibres in each normdlit-field frame.
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— NFLATS: A MIDAS descriptor written into the input frame in_framepmtaining the size of the
YSHIFT descriptor.

Command description:

The y-axis shift of the orders/fibres in in_frame is found loyrelating the frame with a synthetic one com-
posed of Gaussian-shaped pseudo-fibres centred on thepssiaced by the order-fibre table, with a variable
offset in the direction perpendicular to dispersion.

The size of the Gaussian shapes is forced to be the same amthdimh was used to measure the “zero-point”
shift measured at the PREPFIBRE/FLAMES stage.

The correlation is computed using one pixel every CORRELKBTthus CORRELXSTEP=1 means that
all pixels are used, CORRELXSTEP=2 means that every othaipis used and so on. The safest bet
(and the default) is CORRELXSTEP=L1. Increasing CORRELXBTHts the correlation times significantly,
but CORRELXSTEP values larger than than the size of the uéeal element are risky: on a line emission
spectrum it may happen that only the dark parts of the framesed for the correlation, resulting in numerical
instability and useless results.

The variabley offset is allowed to span the interval between -max_shiét amax_shift, and is referred to
the fibre positions as measured on an all fibres flat-field fraynhe PRENORM/FLAMES command, and
stored in the order table.

The maximum of the correlation is determined using a nunakgdfgorithm, with accuracy better than COR-
RELTOL and the correspondingoffset corrected for the “zero-point” shift measured at®REPFIBRE/FLAMES
stage.

This finaly offset is saved as a descriptor called YSHIFT in the inpunfa Since it is referred to a unique
reference position, it is duplicated as many times as thebeumof normalised fibre flat-field frames.

Note since this same correlation algorithm is integrated, whereded, in data reduction steps (for speed rea-
sons), the use of this command is mostly reserved for didignmsrposes, or in cases where the determination
of they shift is particularly difficult and needs quite a bit of finentng of the parameters, as may happen if ex-
tremely bright, strongly saturated emission lines aregmem the frame. In such a case, it is indeed possible
to perform this step separately, and disable it in the leM@RE commands (e. g. EXTRACT/FLAMES) to be
used afterwards on the same frame. However, in such cagemadre reasonable to switch off the correlation
step completely and to use a standard extraction limiteddgabres of the fibres, sacrificing a fraction of the
flux to get reliably extracted spectra (or normalisatiorntdes).

6.5.3 FNDRYSHIFT/FLAMES

Command Syntax*NDRYSHI FT/ FLAMES i n_frame fibre_ff_cat slit_ff_cat order_table
[ max_shift]

Input:

e i n_frane: Asingle frame (after SPLIT/UVES and PREPPA/FLAMES).

fibre ff_cat:Acatalog of normalised fibre flat-field frames, as produce@ BEPFIBRE/FLAMES.

slit_ff_cat: A catalog of equalised slit flat-field frames, as producedPREPSLIT/FLAMES.

or der _t abl e: An order-fibre table, as produced by e. g. OFPOS/FLAMES.

max_shi ft: Maximum y shift (world coordinates) to be searched between in_fran flat-field
frames. Default value is keyword MAXYSHIFT.

Output:
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e Mmain products:

— YSHI FT: A MIDAS descriptor written to the input frame in_frame (inlDAS format), containing
the y shift of the fibres in the input MIDAS frame in_frame with resp to the fibres in each
normalised flat-field frame.

— NFLATS: A MIDAS descriptor written to the input frame in_frame (inlDIAS format), containing
the size of the YSHIFT descriptor.

Command description:

The y-axis shift of the orders/fibres in in_frame is found loyrelating the frame with a synthetic one com-
posed of Gaussian-shaped pseudo-fibres centred on thepssiaced by the order-fibre table, with a variable
offset in the direction perpendicular to dispersion.

The size of the Gaussian shapes is forced to be the same agetiviich was used to measure the “zero-point”
shift measured at the PREPFIBRE/FLAMES stage.

The correlation is computed using one pixel every CORRELKBTthus CORRELXSTEP=1 means that
all pixels are used, CORRELXSTEP=2 means that every othaiis used and so on. The safest bet
(and the default) is CORRELXSTEP=1. Increasing CORRELXBTHts the correlation times significantly,
but CORRELXSTEP values larger than than the size of the uéeal element are risky: on a line emission
spectrum it may happen that only the dark parts of the fram@sed for the correlation, resulting in numerical
instability and useless results.

The variabley offset is allowed to span the interval between -max_shift amax_shift, and is referred
to the fibre positions as found from the fibre flat-field framéfence, independent offsets are measured
with respect to each fibre flat-field frame in the fibre_ff_catatog supplied. This is obtained repeating
the correlation step with the set of pseudo-fibres definechbyRIBREMASK descriptor in each fibre flat-
field frame. The fibre_ff cat catalog and order_table tabfeassumed to have been produced by the same
invocation of the PREPFIBRE/FLAMES command.

The maximum of the correlation is determined using a nurakgtgorithm, with accuracy better than COR-
RELTOL and the corresponding offsets corrected for the “zero-point” shifts measured et PREPFI-
BRE/FLAMES stage.

This finaly offsets are saved as a descriptor called YSHIFT in the imaumé. The only difference between
this command and FINDYSHIFT/FLAMES is that in this case thegy have different values, and this com-
mand, differently from the latter, does not require PRENQRMMES or to have been successfully run
previously.

Note since this same correlation algorithm is integrated, whereded, in data reduction steps (for speed rea-
sons), the use of this command is mostly reserved for didgnmsrposes, or in cases where the determination
of they shift is particularly difficult and needs quite a bit of finentng of the parameters, as may happen if ex-
tremely bright, strongly saturated emission lines aregmem the frame. In such a case, it is indeed possible
to perform this step separately, and disable it in the le\@RE commands (e. g. PRENORM/FLAMES) to be
used afterwards on the same frame. However, in such cagemadtre reasonable to switch off the correlation
step completely and to use a standard extraction limitetaabres of the fibres, sacrifying a fraction of the
flux to get reliably extracted spectra (or normalisatiorntdes).

6.5.4 XTABMERGE/FLAMES
Command SyntaxXTABMERGE/ FLAMES in_ina in_tab out tab
Input:

e i n_i ma: Input image frame. Default ?

e i n_t ab: Input fibre order table. Default ?
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e out t ab: output table. Collapsed binary extentions informatiorresponding to in_ima are put into
out_tab.

Output: Collapsed binary extentions put in out_tab.
Command Description:

This auxiliary command is used to extract important infotiova relative to UVES contained in the binary
table extensions in the output table out_tab.

6.5.5 XTABDUMP/FLAMES
Command SyntaxXTABDUMP/ FLAMES in_frame ord tab bin_tab fib_ id [ npde]
Input:

e i n_frane: Input frame. Default ?

e ord_t ab: Input fibre order table. Default ?

e bi n_t ab: Input frame. Input collapsed binary extentions inforroattable as prepared by command
XTABMERGE/FLAMES.

e fib_id: Fibreid (according to DRS numeration) corresponding émrfe in_frame. Default ?

e net hod: Dumping method. If set it just display the binary table imf@tion on the screen. Otherwise
(+) it writes it in the frame. Default +.

Output: Either the frame in_frame with some extra MIDAS dgsor or this information displayed on the
screen.
Command Description:

This auxiliary command is used to log important informat@mmtained in the binary table extensions either
on the screen or in the frame.

6.5.6 PLOT/UVES
Command Syntax?LOT/ UVES i n_frame [x_range] [y_range] [title] [hcopy] [fib_id]

Input:
e i n_frane: Input frame. Default ?

e X_range: 1-dim data: wavelength range in Angstrom 2-dim data: udega range. Default +. If +
the range is automatically set.

y_range: y-axis range for each sub-spectrum. Default +. If + the eaisgautomatically set.

titl e: Title of the plot. Default +. If + the title is automaticalbet.

hcopy: hardcopy filename. Default +.

fi b_i d: Fibreid of in_frame as set by DRS (corresponding to file nawtention after extraction). To
plot FLAMES-UVES data this parameter is necessary (to adddfile information). For UVES-echelle
data plotting this is not used. Default is +.
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Output: Spectra plotted on graph.
Command Description:

This auxiliary command is used to plot results. In case of MIES-UVES data it is necessary to provide the
fib_id parameter.

6.6 Level 4 commands

6.6.1 MODOFF/FLAMES
Command SyntaxMODOFF/ FLAMES f or mat check_f rame
Input:

e format check_frane: Input format-check frame (or any frame in MOS mode).

Output:
e main products:

— ql: xy_trans, a string of two comma-separated numbers respectivelyhfoXtand Y compo-
nents of thexy _t r ans parameter (used by PREDICT/FLAMES).

— q2: angl e, a string of three comma-separated numbers respectivethdéoechelle, CD, CCD-
rotation components of thengl e parameter (used by PREDICT/FLAMES). Usually better to
leave it at defaults 0,0,0.

Command description:

On the basis of the plate number., wavelength setting, COp, elppropriate humbers are set to describe
the physical model offsets. See notes for PREDICT/FLAMESIs Tommand must be used before PRE-
DICT/FLAMES or FMTSTA/FLAMES to now what corrections apply the physical model parameters.
6.6.2 FIBMSK/FILL

Command Syntaxl BMSK/ FI LL i nput _frane

Input:

e i nput _frame: Input frame.

Output:

e main products:

— i nput _frame with MAXFIBRES, FIBREMASK descriptors set.

Command description:

Fills the MAXFIBRES, FIBREMASK descriptors in the input free, describing how many fibres are illu-
minated, and their fibre numbers. This command is called W BBVES. It assigns the values of the
descriptors according to the frame classification obtafnath DPR keywords. For a proper automatic setting
of the descriptors, which is vital for data reduction, it immdatory that the DPR keyword set is as specified
in Table[5.1. Otherwise it is very probable that data redunc{in particular the correlation step) fails. In such
a case, it is recommended to check the MAXFIBRES and FIBREKIAS&scriptors and, if needed, set them
to appropriate values by hand.



Chapter 7

Session examples

7.1 Using demo-level (Level 0) commands

These are commands for demo or tutorial purposes, requitingnal or no user-selectable inputs. Example:

DEMO FLAMES sref. cat

wheresr ef . cat is a catalogue prepared with splitted (with SPLIT/UVES) faames and a MIDAS Th-Ar
line reference table (read with INDISK/FITS).
For example, look at the example command sequence afphge 17.

7.2 Using high-level (Level 1) commands

These commands are usually supersets of Level 2 commands vethie care of setting relevant keywords,
define file classification, input/ouput catalogs, etc.. Thmmand sequence needed for a complete reduction
is the following:

e SPLIT/UVES (to convert MIDAS to FITS, properly orient thames, classify them)
e FMTSTAB/FLAMES (logical step 2 (first step) - settingy _t r ans parameter)

e PREDICT/FLAMES (logical step 2 - (second step) zero order)

ORFSFF/FLAMES (logical steps 1,3,4,5,6,7)

WAVECAL/FLAMES (logical step 8)
e REDUCE/FLAMES (logical steps 9,10,11)

Where the logical step numbering is defined in the followiegt®n. Please see later on secfiod 7.5 for a
practical example on how to use such commands.

7.3 Using low-level (Level 2) commands
Command sequence:

e SPLIT/UVES (to convert MIDAS to FITS, properly orient thames, classify them)
e PREPPA/FLAMES (logical step 1)
e PREDICT/FLAMES (logical step 2)

49
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e OFPOS/FLAMES (logical step 3)

e PREBKG/FLAMES (logical step 4)

e PREPSLIT/FLAMES and MSFFSZ/FLAMES (logical step 5)

e PREPFIBRE/FLAMES (logical step 6)

¢ PRENORM/FLAMES for optimal or standard extraction (lodistep 7)

¢ To perform the wavelength calibration it may be recommentdegktract ThAr frames using the same
facilities as for the science frames to be calibrated. Ia tlsise one would execute the following com-
mands:

— EXTRACT/FLAMES on ThAr frames for optimal (standard) exdtimn of wavelength calibration
spectra (logical step 8a). this step can possibly be peddraiso with standard echelle context
commands, integrating over a narrow window centred on eaeh fi. e. EXTRACT/ECHELLE).

— SEARCH/ECHELLE on extracted ThAr spectra (logical step 8b)

— IDENT/ECHELLE using the wavelength calibration producgdRREDICT/FLAMES as a first-
order guess (logical step 8c)

Or equivalently use, as does the pipeline, the simpler l&v@dmmand WAVECAL/FLAMES, which
executes the same commands with the only difference ofcatidraeach fibre with average echelle
extraction (EXTRACT/ECHELLE) and a predefined extractitih s

e EXTRACT/FLAMES on science frames for optimal (or standaggjraction of science spectra (logical
step 9)

¢ MERGE/FLAMES rebin spectra and merge orders (logical stéprid 11), or

— REBIN/ECHELLE applied on extracted spectra (logical stép 1
— MERGE/ECHELLE applied on rebinned spectra (logical step 11

Some tuning may be needed to properly set keywords and pgassrin between the above commands, but it
has been omitted to put emphasis on the actually relevgr.ste

7.4 Using scripts

The scriptf | ames_deno. sh allows the user to perform a complete data reduction on asedectable set
of science and calibration frames. Its usage has been dedasn page49.

7.5 Data reduction chain using level-1 commands

We report here a data reduction chain, in which the outpubhefdach command can be used as input of the
next one until a complete data reduction is achieved.

CONFI G DI SP 800 600 .8
1'1) Physical Mdel Step. W use al so naster formatcheck franmes and the conmand
I FMTSTA/ FLAMES t o show al so how to use such command to determi ne xy_trans

I val ues.

creal/icat ref.cat null DO _CLASSI FI CATI ON >Nul |



FLAMES-UVES Data Reduction Users’ Manual

VLT-MAN-ESO-1¥63016

51

creal/icat out.cat null DO CLASSI FI CATI ON >Nul |
write/ keyword trans/c/1/80 " " all

write/ keyword rot/c/1/80 " " all

SPLI T/ UVES flames_fmtchk.fits

I NDI SK/ FI TS t hargood_3.tfits t hargood_2.tbl
ADD/ | CAT ref.cat thargood_3.tbhl >Nul |

wite/ keyword it/i/1/1 0

doit =12
MODOFF/ FLAMES f | ames_fnt chk_{chi p({it})}. bdf
trans = gl
r ot = g2

FMISTA/ FLAMVES fl ames_fmtchk {chip({it})}.bdf out.cat

{trans} {rot}
enddo
1'2) Order-Fi ber Tabl e generation,

creal/icat raw. cat null
creal/icat ref.cat null

DO_CLASSI FI CATI ON >Nul |
DO_CLASSI FI CATI ON >Nul |

>Nul |
>Nul |
>Nul |
>Nul |

ADD/ | CAT
ADD/ | CAT
ADD/ | CAT
ADD/ | CAT

raw. cat
raw. cat
raw. cat
raw. cat

flames_even_ff.fits
flames_odd ff.fits
flames_all _ff.fits
flames_sof ff.fits

Isplit frames to get proper fornmat,
ladded the descriptor necessary to the DRS
SPLI T/ UVES raw. cat sraw. cat

ADD/ | CAT ref.cat flames_sffl.fits >Null !add
ADD/ | CAT ref.cat flanes_sff2.fits >Null !add
ADD/ | CAT ref.cat flames_sff3.fits >Null !add
ADD/ | CAT ref.cat flames_sff4.fits >Null !add
ADD/ | CAT ref.cat flanes _sff5.fits >Null !add
ADD/ | CAT ref.cat flames_sff6.fits >Null !add
ADD/ | CAT ref.cat flames_sff7.fits >Null !add
ADD/ | CAT ref.cat flanes sff8.fits >Null !add
ADD/ | CAT ref.cat flanes _sff9.fits >Null !add

SPLI T/ UVES ref.cat sref.cat

INDI SK/ FI TS fl ames_nbia_redl.fits flanes_nbia_redl.
I NDI SK/ FI'TS flames_nbia redu.fits flames_nbi a_redu.

>Nul |
>Nul |

ADD/ | CAT sref.cat flanmes_nbia_redl. bdf
ADD/ | CAT sref.cat flames_nbia_redu. bdf

write/ keyword we/i/1/1 0

>Nul |

I add
I add
I add
I add

slit
slit
slit

slit
slit
slit

slit
slit
slit

I ThAr

LI NE REFER tabl e

ref.cat 40,40 -

SlitFF and fibreFF frame preparation

even fibre FF
odd fibre FF

al |

fibre FF

single fibre FF

FF
FF
FF

FF
FF
FF

FF
FF
FF

bdf >Nul |
bdf >Nul |

orientation and frane classification with
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set/format i3

wec = wcenter/ 10.

add/icat sref.cat o{wc}REDL.tbl >Null
add/icat sref.cat | {wc}REDL.tbl >Null
add/icat sref.cat o{wc}REDU.tbl >Null
add/icat sref.cat | {wc}REDU.tbl >Null
-rename drs_setup REDL.tbl d{wc} REDL.tbl
-renanme drs_setup_REDU. tbl d{wc}REDU.t bl

add/icat sref.cat d{wc}REDL.tbl >Null
add/icat sref.cat d{wc}REDU.tbl >Null

| Do Dat a Reducti on
ORFSFF/ FLAMES sraw. cat sref.cat sref.cat

13) Line table(s) preparation
creal/icat raw. cat null DO _CLASSIFI CATION >Nul |

ADD/ | CAT raw. cat flames_thar.fits >Null !'ThAr frm
SPLI T/ UVES r aw. cat sraw. cat

ADD/ | CAT sref.cat thargood_3.tbl >Null

WAVECAL/ FLAMES sraw. cat sref.cat sref.cat AUTO Y NO
1'4) Science reduction

CREA/ | CAT raw.cat null DO _CLASSI FI CATION >Nul |
CREA/ I CAT out.cat null DO _CLASSI FI CATION >Nul |

ADD/ | CAT raw. cat flames sci.fits >Null !science frane
SPLI T/ UVES r aw. cat sraw. cat

REDUCE/ FLAMES sraw. cat out.cat sref.cat

7.6 Data reduction chain using level-2 commands

We report here a data reduction chain, in which the outpubefdgach command can be used as input of the
next one until a complete data reduction is achieved.

!
!This is a tenplate procedure to run FLAMES- UVES data reduction
lcommand | evel s 2 on provided exanples in the CDROM di stribution
lusing for each command were possi ble default paraneter setting
!l nput data names are hardcoded and refer to CDROM di stribution
!
! Procedure ID

define/local pid/c/1/80 flanes_test_cnd2

W extend path to our data repository

I'the environment variable UVES HOVE has to be defined

'${UVES HOVE}/tutorial/deno directory has to contain our data
define/local flanes_data/c/1/80 " " all
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flames_data = ntsynbol (" UVES_HOVE")

if "{flames_data}" .eq. "UVES_HOWE" then
mess/out 1 {pid} "Environment variable UVES HOVE not set. Exit."

return -1

el se
flames_data = "{fl ames_data}/tutorial /denmo"
set/ m das dpat h={fl anes_dat a}

endi f

W create a standard displ ay-graph setting
CONFI G/ DI SP 800 600 .8

'We convert all input FITS to M DAS

creal/icat raw data.cat null DO _CLASSI FI CATI ON
add/icat raw data.cat flanes_fntchk.fits >null
add/icat raw data.cat flanes_ordef.fits >nul |
add/icat raw data.cat flanes_all _ff.fits >null
add/icat raw data.cat flanmes_even_ff.fits >null
add/icat raw data.cat flanes_odd_ff.fits >null

add/icat raw data.cat flanes_sffl.fits >nul |
add/icat raw data.cat flanes_sff2.fits >nul |
add/icat raw data.cat flanes_sff3.fits >nul |
add/icat raw data.cat flanes_sff4.fits >nul |
add/icat raw data.cat flanes_thar.fits >nul |
add/icat raw data.cat flanes_sci.fits >nul |

SPLI T/ UVES raw_dat a. cat split_data. cat

! In this exanple we suppose for easy to have a MASTER Bl AS from UVES
I This could al so be prepared froma list of UVES biases

! (sane instrunent configuration than FLAMES dat a)

! using the command MASTER/ UVES

indisk/fits flanes_nbia_redl.fits flanmes_nbia_redl.bdf
indisk/fits flames_nbia_redu.fits f I ames_nbi a_r edu. bdf
wite/des flanes_nbia_redl.bdf {UVES I DSTRNG /c/ 1/ 40 MASTER Bl AS REDL
wite/des flanmes_nbia_redu. bdf {UVES | DSTRNG /c/ 1/ 40 MASTER BI AS REDU

W define a subroutine to conpact the code

IOnly one to keep it clear what comrands the user has to run
@ {pid}, REDUCE 1 I'l ower chip data reduction

@ {pid}, REDUCE 2 lupper chip data reduction

|

ENTRY REDUCE
define/ parameter pl ? n "Ender chip id: 1/2"

if {pl} .eq. 1 then
define/local chip/c/1/1 |
el se
define/local chip/c/1/1 u
endi f

! To be sure to not have bkg tables we del ete them
DELETE/ TABLE back NO

I NDI SK/ FI TS uves_t hargood_3.tfits thargood_3.tbhl

! we find physical nodel paraneter corrections

define/local trans/c/1/80 " " all

define/local rot/c/1/80 " " all

MODOFF/ FLAMVES f | ames_f nt chk_{ chi p}. bdf

trans = ql

rot = Q2

PREDI CT/ FLAMES fl ames_f nt chk_{chi p}. bdf wcal _{chip}.cat thargood_3.tbl 40,40 {trans} {rot}

add/i cat wcal _{chip}.cat thargood_3.tbl >Null
define/ houg fl ames_ordef_{chip}.bdf O
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conpute/inmage b_flames_all _ff_{chip} = flames_all_ff_{chip} - flanmes_nbia_red{chip}

conpute/image b_flames_even_ff_{chip} = flames_even_ff_{chip} - flanmes_nbi a_red{chip}

conpute/inmage b_flames_odd_ff_{chip} = flames_odd_ff_{chip} - flanmes_nbia_red{chip}

conpute/inmage b_flames_sffl {chip} = flanes_sffl {chip} - flanes_nbia_red{chip}

conpute/inmage b_flames_sff2 {chip} = flanes_sff2 {chip} - flanes_nbia_red{chip}

conpute/inmage b_flames_sff3_{chip} = flanes_sff3_{chip} - flanes_nbia_red{chip}

conpute/inmage b_flames_sff4 {chip} = flanes_sff4 {chip} - flanes_nbia_red{chip}

conpute/image b_flames_sci_{chip} = flanes_sci_{chip} - flames_nbia_red{chip}

create/icat in_fibres_{chip}.cat null >null
in_fibres_{chip}.cat b_flanmes_odd_ff_{chip} >Null
in_fibres_{chip}.cat b_flanes_even_ff_{chip} >Null

add/ i cat
add/ i cat

' W associate a bad pixel

PREPPA/ FLAMVES i n_fibres_{chip}. cat

'We find a 1st

raw order table

mask and a variance to the franes

OFPOS/ FLAMES { ORDTAB}, raw_order _{chip}.tbl,in_fibres_{chip}.cat

W create a bkg table

PREBKGE FLAMES raw_order _{chip}.thbl

back_{chip}.tbl

W neasure size of each FF flat region and

Itheir shift with respect to our

(raw) order table

MBFFSZ/ FLAMES b_fl ames_sff1_{chi p} raw order_{chip}.tbl
MSFFSZ/ FLAMVES b_fl ames_sff2_{chi p} raw order_{chip}.tbl
MSFFSZ/ FLAMVES b_fl ames_sff3_{chi p} raw order_{chip}.tbl
MBFFSZ/ FLAMES b_f | ames_sff4_{chi p} raw_ order_{chip}.tbl

W associate to each slit flat field a nask and a vari ance

create/icat

add/ i cat
add/ i cat
add/ i cat
add/ i cat

in_slits_{chip}.cat null
in_slits_{chip}.
in_slits_{chip}.
in_slits_{chip}.
in_slits_{chip}.

PREPPA/ FLAMES i n_slits_{chip}.cat

>nul |

cat b_flanes_sffl_{chip}.bdf >Null
cat b_flames_sff2_{chip}.bdf >Null
cat b_flanes_sff3_{chip}.bdf >Null
cat b_flanes_sff4_{chip}.bdf >Null

I'We extract the mnimumset of slit flat fields which covers the max Y span
lEach slit FF is equalized in flux to the adjacent one
loutput frames get prefix slitff_{chip}
PREPSLI T/ FLAMES i n_slits_{chip}.cat raw order_{chip}.tbl out

W divide odd/even by slitff, clean themfor bad pixels

loutput frames get prefix fibreff_{chip}
PREPFI BRE/ FLAMES i n_fibres_{chip}.cat,out_slitff_{chip}

raw_order_{chip}.tbl {DRS_K S THRE} out_fibres_{chip}.cat fibreff_{chip}

W search for bad pixels in the all
define/l ocal
BPI MA/ FLAMES b_fl ames_al | _{chi p}. bdf {badpxfrane}

W associate a bad pixel

PREPPA/ FLAMES b_fl ames_al | _ff_{chi p}

mask and a variance to the all

flat fields
badpxframe/ c/ 1/ 80 bp_all _{chi p}. bdf

W nornalize all FF by slitFF, conpensate eventual shifts t

! base, extract the all

_slitff_{chip}.cat slitff_{chip}

back_{chi p} -

flat field

o the odd/even

FF to find out each fibre throughput correction

PRENORM FLAMES b_fl ames_al | _ff_{chi p} out_fibres_{chip}.cat,out_slitff_{chip} -

back_{chi p}, raw_order_{chip}.thbl

fib_order_{chip}.thbl

W col lapse bin tab info relative to science franme
I This is necessary when one uses PLOT/ UVES to displ ay

I The final

merged results
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XTABMERGE/ FLAMES f | ames_sci _{chip}.bdf fib_order_{chip}.tbl xt_sci_{chip}.thl

'We find a bad pixel mask on the science frane
badpxframe = "bp_sci _{chip}. bdf"
BPI MY FLAMVES b_fl ames_sci _{chi p}. bdf {badpxfrane}

W associate a bad pixel mask and a variance frame to the science
PREPPA/ FLAMES b_f | ames_sci _{chi p}

I'We update the previously determ ned background table on the basis
lof the new fibre order table
PREBKGE FLAMES fi b_order_{chip}.tbl back_{chip}.thbl

W extract the science frame products will receive prefix fxb_{chip}
EXTRACT/ FLAMES b_f |l ames_sci _{chip} out_fibres_{chip}.cat,out_slitff_{chip} -
back_{chip}, fib_order_{chip}.tbl fxb_{chip}

| REDL-->FI B_ODEF_I D(1) This is a M DAS descriptor versus which

| REDU- - >FI B_ODEF_I| D(2) The WAVECAL/ FLAMES procedure checks for

I'We copy our fibre order table on a shorter nane

I'(max 12 chars, conprised M DAS extention) to be able to use

I'M DAS ECHELLE commands as is doi ng WAVECAL/ FLAMES

! The order table to be recognized as such need a proper val ue for

lits descriptor DO _CLASSI FI CATI ON

-copy fib_order_{chip}.tbl fot_{chip}.tbhl

wite/des fot_{chip}.tbl DO _CLASSIFICATION c/1/25 {FI B_ODEF_I D({pl})}

add/icat wcal _{chip}.cat fot_{chip}.tbl >Null

I Fol | ows wavel ength calibration part
IThis is the actuial name of the LINE-FIBRE table for 580 REDL setting
define/l ocal parLinTab/c/1/80 |in580L1x1.1tbl

WAVECAL/ FLAMVES f | ames_t har _{chi p}. bdf wcal _{chi p}.cat wcal _{chip}.cat AUTO Y NO

set/ eche ORDTAB = fot_{chip}.tbhl
sel ect/tab {ORDTAB} all
statistic/table {ORDTAB} : Fl BRE
define/local fib_mn/i/1/10
define/local fib_max/i/1/1 0
fib_mn = outputr(1)

fib_max = outputr(2)

sel ect/tab {parLinTab} all
define/local it/i/1/1 0
define/local rsanple/r/1/1 0

do it = fib_mn fib_max

set/format i1l
if {{parLinTab}, FI BREMASK({it})} .eqg. 1 then
if {b_flames_sci_{chip}.bdf, FIBREMASK({it})} .eqg. 1 then

sel ect/tab {parLinTab} :fibre.eq.{it}
-copy {parLinTab} tnp_{it}_{chip}.tbl

Ithe follow ng are the ones indeed used from necrebi.for
I'We 1st clear themout fromtenporary table just to be sure
delete/des tnp_{it}_{chip}.tbl ORDER

delete/des tnp_{it}_{chip}.tbl CCEFS

delete/des tnp_{it}_{chip}.tbl CCEFI

delete/des tnmp_{it}_{chip}.tbl COEFD

copy/dd {parLinTab} ORDER{it} tnp_{it}_{chip}.tbl ORDER
copy/ dd {parLinTab} COEFS{it} tnp_{it}_{chip}.tbl COEFS
copy/dd {parLinTab} COEFI{it} tnmp_{it}_{chip}.tbl COEFI

copy/dd {parLinTab} COEFD{it} tnp_{it}_{chip}.tbl COEFD

-copy tmp_{it}_{chip}.tbl tmp_{chip}.tbhl
rsample = 2. +x({tnp_{chip}.tbl,PIXEL(1)})/3.



56 FLAMES-UVES Data Reduction Users’ Manual VLT-MAN-ES®5D0-3016

set/echel l e SAMPLE
set/echel l e LI NTAB

{rsanpl e}
tnp_{chip}.thl

rebi n/echel l e fxb_{chip}_000{it}.bdf -
wf xb_{chi p} _000{it}.bdf {rsanple} NONL -
tnp_{chip}.thbl

rebi n/echell e fxb_{chip}_sig000{it}.bdf -
wf xb_{ chi p} _si g000{it}.bdf {rsanple} NONL -
tnp_{chip}.thbl

Ifile_sig is a variance franme
conpute/ima weight.bdf = 1./wf xb_{chi p}_sig000{it}. bdf

ner ge/ echel l e wixb_{chi p}_000{it}. bdf -
mwf xb_{ chi p} _000{it}.bdf ? OPTI MAL wei ght. bdf -
var nf xb_{ chi p}_000{i t}. bdf

nmer ge/ echel | e wfxb_{chi p}_sig000{it}.bdf -
mo xb_{chi p} _000{it}_signma. bdf ? OPTI MAL wei ght. bdf -
var nf xb_{chi p}_000{i t}_si gna. bdf

conput e/ i mage mM xb_{chi p}_err000{it}. bdf = sqrt(mm xb_{chi p}_000{it}_signa. bdf)

rebi n/echell e fxb_{chip}_raw0o00{it}. bdf -
wf xb_{ chi p} _raw000{it}. bdf {rsanple} NONL -
tnp_{chip}.thbl

rebi n/echel l e fxb_{chip}_rawsi go00{it}. bdf -
wf xb_{ chi p} _rawsi g000{it}. bdf {rsanple} NONL -
tnp_{chip}.thbl

Ifile_sig is a variance franme
conpute/ i ma wei ght_raw bdf = 1./wf xb_{chi p}_rawsi go00{i t}. bdf

ner ge/ echel | e wfxb_{chi p} _raw000{it}. bdf -
mM xb_{chi p} _rawo00{it}. bdf ? OPTI MAL -
wei ght _raw. bdf varnfxb_{chi p} _raw000{it}. bdf

nmer ge/ echel l e wixb_{chi p}_rawsi go00{it}. bdf -
mv xb_{chi p} _rawo00{it}_sigma. bdf ? OPTI MAL -
wei ght _raw. bdf varnfxb_{chi p}_raw0o00{it}_si gma. bdf

conput e/ i mage mM xb_{chi p} _rawerr000{it}.bdf = sqrt(mM xb_{chi p}_rawo00{it}_si gma. bdf )
sel ect/tab {parLinTab} all

1 To use PLOT/ UVES franes we have to add a nunber of descriptors

@ flanmes_add_extra_des b_flanmes_sci _{chip}. bdf maM xb_{chi p}_000{it}. bdf

@ flanmes_add_extra_des b_flanes_sci _{chip}. bdf muM xb_{chi p}_rawo00{it}. bdf

@ flanes_add_extra_des b_flanes_sci _{chip}.bdf maM xb_{chi p}_err000{it}. bdf

@ flanmes_add_extra_des b_flames_sci _{chip}. bdf mamf xb_{chi p}_rawerr000{it}. bdf

@ flanes_add_extra_des b_flanmes_sci _{chip}. bdf maf xb_{chi p} _000{it}_sigma. bdf

@ flanmes_add_extra_des b_flanmes_sci _{chi p}. bdf maM xb_{chi p} _raw000{it}_si gma. bdf

! To use PLOT/UVES franes we have to add a nunber of descriptors
XTABDUVP/ FLAMES mnf xb_{ chi p} _000{it}.bdf fot_{chip}.tbl xt_sci_{chip}.thl {it}
XTABDUMP/ FLAMES mwf xb_{ chi p} _raw000{it}. bdf fot_{chip}.tbl xt_sci_{chip}.tbl {it}
XTABDUMP/ FLAMES mf xb_{ chi p} _err000{it}. bdf fot_{chip}.tbl xt_sci_{chip}.tbl {it}
XTABDUWP/ FLAMES mwf xb_{ chi p} _rawerr000{it}. bdf fot_{chip}.tbl xt_sci_{chip}.tbl {it}
XTABDUMP/ FLAMES mwf xb_{ chi p} _000{it}_sigma. bdf fot_{chip}.tbl xt_sci_{chip}.tbl {it}
XTABDUWP/ FLAMES mnf xb_{ chi p} _raw000{i t}_si gma. bdf fot_{chip}.tbl xt_sci_{chip}.tbl {it}

I Plot data
ASSI GV GRA G, 3
nmodi fy/ grap w
if "{NICE_CREA}" .eq. "Y" then
PLOT/ UVES mwf xb_{chi p}_000{it}. bdf -
P4="FI BRE data ({b_flanes_sci_{chip}.bdf,{h_instrume}}): " P6={it}
endi f
endi f
endi f
enddo
return 0
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Chapter 8

Troubleshooting

8.1 Problems in context initialization
Symptom(s)

e You get the message

node(3) = 0

NNN

Invalid or non existing key nanme ...
Keynanes (max. 15 chars.) have to begin with a letter.
Local keynanes should not match system keynanmes |ike e.g. USER, LOG ERROR,

Possible cause(s)

e You have initialized your MIDAS session in a way incompatillith your MIDVERS (02FEBpI1.1 or
later).

Proposed solution(s)

e In your alias fimidas (see sectibh 2) you have usede(3) = 0 instead ofm d$node(3) = O.
Usemi d\$node(3) = O if you have bash.

Justification Starting from MIDVERS=02FEBpI1.1, conventions have beleainged, to avoid conflicts be-
tween global keywords used from MIDAS and from UVES pipeline

8.2 Problem in using display with 32 bits depth computers
Symptom(s)

e Several problems during data reduction and execution @raéeommands of the UVES pipeline (in-
volving the display).

Possible cause(s)

¢ You have a computer with a 32 bit (true color) depth screen.

Proposed solution(s)

e Give the commandni t/ di sp p5=r gbq before the commandonfi g/ di spl ay.

59
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Justification This is a known problem which has yet to be solved at low |eM8DAS).

8.3 Problem using the scripts
Symptom(s)

e Error messages are reported, no window is displayed.

Possible cause(s)

¢ Inyour path are not defined the commanxldi al og (HP-UX), orxnessage (SunOS, Linux, OSF1)

Proposed solution(s)

e Make sure that the specified commands can be found in your path
Justification The given commands are used to display messages. If thepbawailable you get an error.

Symptom(s)

e When you run the script a window is popping up, but reportsetiner:
cannot execvp inmidas

Possible cause(s)

e You have defined inmidas as an alias. This is an error.

Proposed solution(s)
e Unalias inmidas and make sure that inmidas is in your path:

— unalias inmidas

— which inmidas
Justification inmidas should be an executable shell script in your pathrantbe defined as an alias.

Symptom(s)

e when you run a script some file is not available.

Possible cause(s)

¢ You have given in input some file with a nonexistent path

Proposed solution(s)

e Check how you run the script and verify all the input files azeessible (readable executing the script).

Justification The scripts need you to specify the full path for each inpaet fil
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8.4 PREDICT/FLAMES
Symptom(s)

¢ In the output plots, the XDIF-X and YDIF-X plots do not appearelongated “clusters” of points with
typical sizex~ 3 — 5 pix, possibly horizontal and centred at ordinate value zasdhey should, but show
loss of aggregation or, even worse, scattered points.

e Later on, during data reduction, the wavelength calibrasitep fails.

Possible cause(s)

¢ The format-check frame you are reducing is considerablffeghivith respect to the standard case (pos-
sibly due to an occasional instrument spectral format #fficed for example by a macro earthquake).

Proposed solution(s)

e The experience accumulated with UVES, which has yet to bérooed in the case of FLAMES-UVES
data (for which the stability constraints are more stritffjetemonstrated that, for spectral format shifts
up to +/- 5 pixels, it is not necessary modify the input xyng@arameters. Shifts above such a threshold
are typical of macro earthquakes events. As macro eartleqaek not very frequent, it was decided,
for the time being, not to implement an auto recover step énpitocedure. This would be possible for
example having available a proper reference formatchedkirdnoducing a negative feedback which
would correct the initial xy_trans settings using the infiation of the X and Y median shift obtained
from the stability check in a loop which could be terminatedew the shift in X and Y with respect to
the reference formatcheck is less than one pixel.

Justification This step uses the UVES physical model to predict the sgdamaat. Such a model was
calibrated during UVES commissioning choosing approprigarameter values to cover all main settings.
These are specified internally into the physical model cédehe same time reference formatcheck frames
have been taken to check for instrument stability. The comimslODOFF/FLAMES, called by PRE-
DICT/FLAMES, should evaluate for each instrument settipgprapriate offsets of the simultaneous cali-
bration fibre with respect to the UVES echelle mode slit positmage center.

Should a significant earthquake event occur, this can beteteluring Operations, and the instrument is then
realigned to the reference configuration.

Symptom(s)
e This step fails

e The formatcheck frame image shows a very dim or not deteztataer trace.

Possible cause(s)

e The calibration exposure has been aborted. This resultéramee with not enough signal to detect the
order trace.

Proposed solution(s)

¢ In this case there is no solution. Usually in such a case at &#ther frame should have been taken,
so that a user should have at least one good frame to redudathis
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Justification(s)

e Operations may require to abort a calibration. In such a ttasealibration is repeated so that the user
always has a complete set of good data.

8.5 PREPSLIT/FLAMES
Symptom(s)

e Error message: Error while reading slit Flat Fields...
...prepslitff.exe operation not permitted

Possible cause(s)
e The input catalogue (usually inslitff_x.cat, x=I,u) is etyp

e During previous data reduction operations (for examplagisommand ORFSFF/FLAMES) the mes-
sage “frame not found” was displayed.

e This usually means that in the catalogue fed in input to thermand some frame is either missing or
does not have the proper DO_CLASSIFICATION. Please cheatiahframes are present and that their
DO_CLASSIFICATION is appropriately set.

e Animproper frame classification is a symptom of a wrong DPRAkard setting, which causes SPLIT/UVES
to assign a default DO_CLASSIFICATION to that frame.

Proposed solution(s)
e Make sure that the input catalogue is properly filled.
e Make sure that the DO_CLASSIFICATION of the raw splitted 8t fields is properly set.

e Make sure that the DPR keywords in the slit flat fields are pigpset.

Justification If the input frames have wrong DPR keywords SPLIT/UVES assip the splitted frames a
default classification (value of DO_CLASSIFICATION keywi)r This will not be recognized by following
data reduction commands. One can get to a situation for whichuld for instance happen that the input
catalog to the command PREPSLIT/FLAMES is empty.

8.6 PREPFIBRE/FLAMES
Symptom(s)
e Error message: Error while reading fibre Flat Fields...
...prepfibreff.exe operation not permitted
Possible cause(s)
e The input catalogue (usually infibreff_x.cat, x=I,u) is @ynp

e During previous data reduction operations (for examplegisommand ORFSFF/FLAMES) the mes-
sage “frame not found” was displayed.
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e This usually means that in the catalogue fed in input to thmrnand some frame is either missing or
does not have the proper DO_CLASSIFICATION. Please chestiahframes are present and that their
DO_CLASSIFICATION is properly set.

e Animproper frame classification is a symptom of a wrong DP{Rdkad setting, which makes SPLIT/UVES
to assign a default DO_CLASSIFICATION to that frame.
Proposed solution(s)
e Make sure that the input catalogue is properly filled.
e Make sure that the DO_CLASSIFICATION of the raw splitted éilflat fields is properly set.
e Make sure that the DPR keywords in the fibre flat fields are plpget.
Justification If the input frames have wrong DPR keywords SPLIT/UVES assitp the splitted frames
a default DO_CLASSIFICATION which is not then recognized following data reduction commands in

particular one can arrive to a situation for which the inpattatogue to the command PREPFIBRE/FLAMES
is empty.

8.7 EXTRACT/FLAMES

Symptom(s)
e The DRS stops, reporting an error message saying that atmondf maximum over 3 points has not
been reached. The correlation values obtained at the 3spaiatvery high, of the order ab°®.
Possible cause(s)
e You have not enough definition points for the correlationchion.
¢ You have set a too harrow range to search the correlatiortitmshape.
e The cubic approximation does not properly describe the estadpthe correlation function near the
maximum.
Proposed solution(s)

e Experiment with the correlation definition keywords (DR®DR_MAX_FND,DRS_COR_DEF_RNG,
DRS_COR_DEF_PNT) until the step works, unless you areyrégalh case for which the cubic approx-
imation for the correlation function is not appropriate.

Justification During commissioning the instrument stability was foundbéoat the level of a few pixels. To
cope with such shifts it was necessary to implement an additisearch of the correlation function shape and
its maximum. This is done within certain limits defined byresponding global keywords. The problem was
identified and fixed in the software which controls the instamt, so that the expected stability should now be
well within 1 pixel, and such a problem should not occur.

8.8 EXTRACT/FLAMES

Symptom(s)

e The DRS stops, reporting an error message saying that atmondf maximum over 3 points has not
been reached. The correlation values obtained at the 3spaiatvery high, of the order ab®.
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Possible cause(s)
¢ You have an improper background table.

e You have not updated your background table using the ordezfable produced by PRENORM/FLAMES
or EXTRACT/FLAMES.

e You have a saturated frame so that even if you did update ttkgbaund table properly before doing
the extraction, saturation corrupts the background image.

e You have deactivated the correlation function shape peedeation.

Proposed solution(s)
e Make sure to have updated the background table before @gtrac

e Tomask as much as possible saturated pixels, measure tieeofdhe intensity (LOAD/IMA GET/CUR)
on the saturated area and use the minimum value got as satutaeshold of the command BPIMA/FLAMES:
BPIMA/FLAMES new_bad_pixel.bdf saturation_value
write/key badpxframe/c/1/80 new_bad_pixel.bdf
PREPPA/FLAMES saturated_ima.bdf
and try to repeat the extraction

e If this is not sufficient, set the keyword BKGBADSCAN (deftad to “none”) to values “fraction” or
“absolute”. Modifying the value of the keyword BKGBADWIN ercan change the size of the area in
which bad pixels are searched around the centre of eachikaldwindow. A default value of 50,50
means that examined pixels along x-direction are pixelsifrostart_ win-50 to x_end_win+50, where
X_start_win and x_end_win indicate the starting and endailges of the background window. Same
meaning along the y direction.

Using BKGBADSCAN="fraction” the maximum number of bad pis@ccepted before eliminating one
window from the list is BKGBADMAXFRAC (defaulted to 0.02)nties the total number of pixels in
the examined region.

Using BKGBADSCAN="absolute” the maximum number of bad féxaccepted before eliminating
one window from the list is BKGBADMAXTOT (defaulted to 200).

e If this does not solve the problem, use the command SELECTB# eliminate the saturated regions
from the background fit.

e If this does not help, try to lower the degree of the polyndraged in the background evaluation.

e If this does not help, use standard extraction, disabliegctirrelation step and shrinking the integration
window to only use the cores of the fibres, excluding the amasre fibres overlap. In this way,
provided the cross-dispersion shift between calibratiang the frame to be extracted is less than 1
pixel, you will extract sensible spectra, albeit losing agdraction of the signal (all the fibre wings).

If this does not help... bad luck you got saturated data!

Justification Having saturated images, one may gety poor background determinations, which may cause
the correlation step to fail.
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8.9 Object information given on plots of merged spectra

In case of FLAMES-UVES data important information contaire the binary table extensions is added.

On the basis of given fib_id parameter, PLOT/UVES will digpia the plot information about the observed
object (object id, its magnitude, right ascension and datlbn, fiber id). This information is taken from
tables with names containing the prefix xt_ (xt_sci_l.tbtlat sci_u.tbl for science step). Those tables
contain the collapsed information carried on by the two hjirextention table for the FLAMES-UVES fibres.
Of particular interest to the user may be columns: FIBREORDI¢h indicates the order of fibres red from
the DRS), OBJECT (object’s ID), MAGNITUDE (object's magiite), RA (object’s right ascension), DEC
(object’s declination). Using command level 1 extracteelcsa will contain a numeric extension 000N (N=2-
9 in case of OzPoz mode and N=1-8 in case of SimCal mode), veieally N corresponds to the fibre ID
(1 for the SimCal fibre, 2-9 for other fibres).
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Appendix A

DRS customization

A.1 FLAMES-UVES pipeline data reduction parameters

The FLAMES-UVES pipeline gives the user the possibility tistomize the data reduction. This can be done
modifying the settings in the file

${PIPE_HOME}/flames/pipe/proc/flames_def drs_par.prg

We suggest to do it with care, being sure of what one does ahid atvn risk. Here we describe the tuning
parameters, and suggest also whether each MIDAS keywotd feduction parameter) should or should not
be changed.

e NICE_CREA: this keyword affect the display (Y) or not (N) adrae frames. Default is N. Can be
modified. If set to Y the data reduction is slightly slowed.

e DECENTSNR: How large should the SNR on a fibre be in a calibrafiame, at a given order and x,
for that slice to be considered “good”? Default: 10. Sugggsb not change it. Since it is used while
preprocessing the flat field calibration data, for changdake effect one ought to rerun some or all of
the relevant steps (e. g. PREPSLIT/FLAMES, PREPFIBRE/FIESVIPRENOR/FLAMES. . .).

¢ MATCHTHRESH: How close should a detected fibre be to the fowsipredicted by the zero order
approximation, so that it is recognized and labeled by thiehoader step. Default 4. Suggested to not
change it. Setting it too low will cause orders/fibres to bipséd, setting it too large will cause traces
to be assigned to the wrong order/fibre. Only used in OFPOSKHES.

¢ HALFIBREWIDTH: Half size of each fibre on the detector mea&slso that the entire size contains
100% of the flux. Default: 7.5. This parameter is only read FROS/FLAMES, and its value hence
stored in a descriptor and used throughout data reductiortainsistency. If one wants to change it, he
should probably repeat the whole data reduction procedurhé new value to take effect (don't do it).

e MAXFIBRES: Maximum number of fibres. Default: 9. Keep it. l€écreased the DRS will probably
crash.

e SAV_BORD_SZ: Amount of pixels from the 50% intensity threkhof the SlitFF size which is dis-
carded on both sides of the slitFF to be sure to be in its flat padarge value £5) makes you sure that
only the flat part of the slitFF is used, and probably the finalliy will be better; on the other hand,
this will shrink the effective usable size of the used slideRthat you need to have enough overlapping
between them and enough slitFF to cover all the fibres youdilextract. A small value (2) may intro-
duce some quality defect if the flat part of the slitFFs is matly flat. Default: 3. It may be changed
if really necessary with the given advices. Only used in MSEFFLAMES. If youreally want to tune
the YSHIFT and HALFWIDTH descriptors of the slitFFs, meastiiem with GET/GCURSOR on a
cross-dispersion cut of the frames and set the desireds/atamually.
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X_WIND_SIZE. Half X window size for median filter used in det@ning the half size of each slitFF
and its offset. Default: 3. Leave it as itis. Only used in MSEH-LAMES. See the comments for
SAV_BORD_SZ.

Y_WIND_SIZE. Half Y window size for median filter used in det@ning the half size of each slitFF
and its offset. Default: 5. Leave it as itis. Only used in MSEH-LAMES. See the comments for
SAV_BORD_SZ.

Y_SEARCH_WIND. Search window size to filter image used ired®ining the half size of each slitFF
and its offset. Default: 100. Leave it as itis. Only used iInRFSZ/FLAMES. See the comments for
SAV_BORD_SZ.

ORD_TRESH. Number of orders cut either on max and min dedestders. Used in determining the
half size of each slitFF and its offset. We cut some ordersetsure to get Y intercepts on the cross-
order cut at the detector center within the detector. Dé&féil It may be slightly increased, but it is
preferable to leave it as it is. Only used in MSFFSZ/FLAMES&e $he comments for SAV_BORD_SZ.

N_CLIP_MED. K-S clipping iterations over median. Used iriedmining the half size of each slitFF
and its offset. Default: 4. Leave it as itis. Only used in MSEH-LAMES. See the comments for
SAV_BORD_SZ.

N_CLIP_AVG. K-S clipping iterations over average. Used @tatmining the half size of each slitFF
and its offset. Default: 2. Leave it as itis. Only used in MSEH-LAMES. See the comments for
SAV_BORD_SZ.

INT_TRESH. Signal fraction of the slitFF top value used tdirke the borders of the flat part of the
slitFF. A value as small as 0.5 is good to be sure to dete&fshibrders. Default: 0.5. Leave it as itis.
Only used in MSFFSZ/FLAMES. See the comments for SAV_BORD_S

MAXYSHIFT. This is the halfwidth of the interval of y shifts mich are sampled when searching the
local maximum of the correlation. Default: 3. Making it sheaimay make the search for the maximum
slightly faster, but iwill cause it to fail if the actual y shift is outside this intervislaking it larger may
bracket more than one maximum and cause a spurious y shéftndietation. Don't touch this if you
don't need to.

NBTRACES. 0. Number of traces (order times fibres). Default O
MINFIBREFRAC. Minimum fibre fraction coverage for extramti. Default: 0.3. Leave it as it is.
BKGFITNLINE. Inline background fitting. Default yes. Keep i

BKGFITMETHOD. Background fitting method. Possible valugs ALL, MEDIAN, MINIMUM,
AVERAGE. Default: AVERAGE.

BKGBADSCAN. Background table bad pixel frame scanning sitPossible values are FRACTION,
ABSOLUTE and NONE. Default: NONE.

BKGBADWIN. Background table bad pixel frame scanning winwdgize. Default: 50,50
BKGBADMAXFRAC. Background table bad pixel frame scannihgeshold fraction. Default: 0.02
BKGBADMAXTOT. Background table bad pixel scanning threshoumber. Default: 200.
BKG_MAX_IO_WIN. Number of background windows in each fuikér order. Default: 500.
DRS_BKG_FIT_POL. Polynomial degree used for BKG fit ordesfdult 2,2

BKG_XY_WIN_SZ. x,y maximum size of each background wind@efault 6,2.
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e DRS_FILT_HW_XY. Size of X half window and Y half window. Deft 2,1.
e DRS_FILT_IMAX. Maximum filtering iterations in frame prepaion. Default 300.

e DRS _FILT_KS. Threshold above which pixel are flagged as hditéring in frame preparation. De-
fault 10.

e DRS FILT_SAT_SW. Do you want mask saturated pixels in frameparation ([yes]/No)?. Default is
YES.

e DRS_FILT_MASK. Do you want a filter/generated bad pixel ma$kONE]/MEDIAN)?. Default is
NONE.

e MAXYSHIFT. Half width of the interval to scan for correlatip when determining y shift. Deafult is 3.

e GAUSSFIBRESIGMA. Gaussian pseudofibre total halfwidthdorrelation. Default: 1.5. Only read
in PREPFIBRE/FLAMES, then the value is stored in a table iiigt®e and used throughout, for consis-
tency. Don’t make it much smaller or it will make the corr@dat numerically fragile due to increased
pixelisation effects. Don’t make it too large or signals sdé¢ the fibres will spuriously affect the
correlation. As a rule of the thumb,BAUSSFIBRESIGMAS GAUSSHALFWIDTH <~ HALFI-
BREWIDTH.

e GAUSSHALFWIDTH Gaussian pseudofibre total halfwidth forretation. Default: 6. Only read in
PREPFIBRE/FLAMES, then the value is stored in a table desmriand used throughout, for consis-
tency. See comments above for GAUSSFIBRESIGMA.

e MAXBACKITERS This is the maximum number of kappa-sigma plifig iterations which we are
willing to perform in background fitting. Default 20.

¢ MAXDISCARDFRACT This is the maximum fraction of windowskals which we are willing to dis-
card by kappa-sigma clipping in each iteration of the bagkgd fitting loop. Default: 0.1. Making
it larger will cause the background fitting to converge irsl@erations, but can make it more fragile.
Making it smaller will render the kappa-sigma clipping moatious, hence it will require more itera-
tions for all bad pixels to be discarded and convergencenegacThe default chosen works well in most
situations, leave it as it is.

e MAXCORRITERS. This is the maximum number of iterations whive are willing to perform in
correlation. Default: 30.

e CORRELTOL. This is the absolute accuracy with which the mmaxn in the correlation function must
be determined. Default 0.005. Leave it as it is.

e CORRELXSTEP. This is the X step to use while computing thestation: it must be a positive integer,
1 means “use all pixels” 2 means “use every other pixel:, 3naéase one every three” etc.. Default:
1. A larger value can make the correlation much faster, bwilitalso make it more fragile in case of
spectra dominated by strong and narrow emission lines.

e GAUSSCORRELSCL. Obsolete (to be removed in future reldases
e GAUSSCORRELWND. Obsolete (to be removed in future releases

¢ MAXCLEANITERS This is the maximum number of cleaning iteéoais to be tried on a given slice
in flames_prep_fibre, before giving up on its normalisapifihd falling back to the second cleaning
strategy. Default 10. Only used in PREPFIBRE/FLAMES.

e MAXSINGLEPXFRC This is the maximum acceptable fractiontw flux in a given slice in one single
pixel; a higher fraction than this means that there was saimeenical instability and/or unmasked bad
pixel, and that it must be discarded. Default: .3. Only useBREPFIBRE/FLAMES. Leave it asiitis.
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MAXOPTITERSINT This is the maximum number of iterations wiiwe are willing to perform in
optimal extraction. Default: 25.

MINOPTITERSINT This is the minimum number of iterations we avilling to perform in optimal
extraction. Default: 2.

XKILLSIZE

YKILLSIZE When performing sigma-clipping in the optimaleaction, how many other adjacent pix-
els in the x and/or y direction(s) should be discarded aloitly tie one exceeding threshold? A cosmic
or cosmetic problem is likely to affect a spot larger than fepi Default: XKILLSIZE=1, YKILL-
SIZE=1. Larger values will cause a slightly faster convamge of optimal extractions, as clusters of
bad pixels are removed in one go. However, some good pixeysgeiethrown away along with the bad
ones. The default is the safe (and slow) choice.

MAXORDER. In flames_tracing, a few arrays are statically medi, and need to be large enough to
contain all the orders which could be possibly found. We defiit to a hefty one thousend. Default
1000. You will hardly ever want to touch this.

DYRANGE Width of the y half window to be used when performingler/fibre labeling. Default: 300.
It works well, leave it as it is.

DYSTEP Step of the scan in y while performing order/fibre lhbg. Default 0.1. It works well, leave
itasitis.

MASKTHRES Defines the minimum value a rebinned mask must hraeeder to consider the corre-
sponding pixel of the rebinned spectrum “good”. Since algix¢éhe rebinned frame may be computed
using also bad pixels, we want to throw out pixels which coneven a very small fraction of “bad-
ness”. Default: 0.99. It must be a number close enough to hgare that only good pixels were used
to derive a rebinned value, but not too close, to avoid thngvéaway good pixels just due to numerical

rounding errors. The default works well, leave it as it is &r,most, tune it slightly. Used only in
MERGE/FLAMES

FRACSLICESTHRES Defines the minimum fraction of slices timtst be good, for a fibre to be
considered covered enough at the end of fillholes, in flanrep_fibreff, to avoid numerical instabilities
in gaussselfcorrel if a fibre is only very barely covered by #fitFF frames. Default 0.3. Leave it as it
is.

MAXROWS The maximum permitted sizes for the order tablesitae by the DRS: Default 300000.
You will hardly ever want to touch this.

MAXCOLS The maximum permitted sizes for the order tablesaterd by the DRS: Default 10. You
will hardly ever want to touch this.

DRS_PTHRE_MAX Maximum threshold for pixel saturation deien: Default 6*16. Good 5-6*10
DRS_PTHRE_MIN Minimum threshold for pixel saturation deten: Default -20. Good -20

DRS_EXT_MTD Extraction method. Default opt. Possible ealwpt: optimal; sta: standard; fop:
fast-optimal; fst: fast-standard; qop: quick-optimalt: ggiick-standard.

DRS_K_S THRE Kappa-sigma Threshold used in extractiofadde10.
DRS_KSIGMA_THRE Kappa sigma Threshold. Default 10.

DRS_EXT_W_SIZ Integration window size. Default 10. 10 is@od value if fibre deconvolution
works fine.
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e DRS_MIDAS2FITS MIDAS to FITS conversion switch. At the enfdaoprocedure it allow MIDAS to
FITS format conversion. Default N. Possible value Y/N.

e DRS_BIAS_MTD Bias subtraction Method: M: Master Bias sabtion; <num> constant value sub-
traction; N: no bias subtraction.

e DRS_FILT_SW Filter switch. Default none. Possible valugsne/average

e DRS_SFF_FIBFF Slitff*-Fibreff frames preparation. Y: yetower, for DFO N: no, faster, for PSO
once CDB is ready. Default Y

e DRS_CREA_BP_TAB Switch to create (Y) or not (N) a bad pixelsl¢. Default N

e DRS PHYSMOD_REC Physical model auto recover switch: Y:thesphysical model autorecovers
N: No the physical model does not autorecover. Default Y.

e DRS_USE_ORDEF Use (Y) or not (N) of the ORDERDEF as part ofoth@/even fibre FF Keep it at
Y to support SimCal mode. Default is N.

e DRS_MER_MTD What merging method are we using: FLAMES or ECHE. If ECHELLE metod
REDUCE/FLAMES uses REBIN/ECHELLE and MERGE/ECHELLE comsnlIf FLAMES method
REDUCE/FLAMES uses MERGE/FLAMES. ECHELLE method is morbust.

Default is ECHELLE.
e DRS_SCI_RAW Produce or not raw science data. Default is .
e DRS_VERBOSITY DRS MIDAS C Library verbosity level. DefallOW.
e DRS_MES_LEV MIDAS procedure main messaging level. Defesut
e DRS_CUBIFY Switch to activate creation and usage of sli#ffid fibreff* cubes. Default is N.

e DRS_COR_MAX_FND DRS strengthened correlation shape diefinand pre search of maximum
switch: Y do pre search of correlation’s maximum. N don’t t¢dio only search of max with modified
Brent method starting from points -3,0,+3). Defaultis Y.

e DRS_COR_DEF_RNG DRS Correlation function’s range: [-DROR_DEF_RNG,+DRS_COR_DEF_RNG
pix 6.

e DRS_COR_DEF_PNT DRS Correlation function’s number of dedin points. Effective number of
points is 2*DRS_COR_DEF_PNT+1. Default is 25.

e DRS_COR_DEF_OFF DRS Caorrelation function’s center of digdim. Default is O.

e DRS_WCAL_MODE. Wavecal mode. Default is Auto.

e DRS_WCAL_RPLT. Default for wavecal resolution plots cieas. Y.

e DRS_WCAL_FITS. Defaults for FITS table production in waakdefault N.

e DRS_BASE_NAME. Default base name for extracted sciencefééx. Default is science.
e DRS_SCI_CUBE. For packing science products on planes dmescibefault is N.

e DRS WCAL_DC. Default for wavecal solution polynomial degr Originally was 5, more precise,
next to haave better robustness we switched to 4.
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e DRS_WCAL_TOL. Default for wavelength calibration polyn@hsolution parameter TOL. This sets a
threshold. Points which discard by the found solution mbaatTOL pix are outlayers. Current defaults
is 0.6. A user willing to achieve a very accurate wavelengtlibeation solution, using the improved
ThAr table (thargood_3.tfits), may decide (at the risk of ardased wavecal recipe robustness), to
decrease this value down to 0.07.

e DRS_WCAL_PAR.DRS_WCAL_PAR=DRS_WCAL_MODE,DRS_WCAL_RPDRS_WCAL_FITS,
DRS_WCAL_DC, DRS_WCAL_TOL

e DRS_SCI_PAR1=DRS_EXT_MTD,DRS_COR_MAX_FND,DRS_CORFDRNG,DRS_COR_DEF_PNT,
DRS_COR_DEF_OFF

e DRS SCI PAR2=DRS BIAS MTD,DRS_FILT _SW,DRS_PTHRE_MAX
e DRS P8 OFPOS Parameter P8 of hogh/echelle. Default 11Q,-005,1.”. Reasonable balues are:

— 520*%.05,-.1,.1,.005,1”

- 580*“10,-.1,.1,.005,1”

860 “.10,-.1,.1,.005,1.”

DRS_ P8 OFPOS_S1 First component of parameter P8 usedhifeebglle. Default 0.05,.10,.10.
DRS_SCAN_MIN

DRS_SCAN_MAX This MIDAS keyword set the parameter SCAN(@) &CAN(2) respectively
used by the command hough/echelle. The chosen values, tlskip a CCD portion approx-
imatively equal to the Y span covered by eight fibres, in tHarmary determination of fibre
traces done by the command OFPOS/FLAMES. This to preveattietn of very small portion of
orders in the lower right hand side and upper left hand sidegfa splitted frame. This help to
make wavelength calibration and science extraction mdregiofor 860 setting. For other settings
possible values are also 1,2048 which allows to cover thieeetiétector. We suggest the user to
keep the chosen defaults: DRS_SCAL_MIN=55,73,73 and DRALSMAX=1993,1975,1975
respectively for settings 520, 580, 860.

— DRS_MER_DELTA Cutting values using in merging frames. [éf&,5.

— DRS_DEL_SW Choice switch to set DRS_MER_DELTA values. UsddVES echelle extrac-
tion. Possible values are D (Default: no setting), A (Auttimaetting), and U (User defined
setting). Default A.

— DRS_SCI_SIM Switch to activate use of SimCal setting.

— DRS_SFF_HW_MIN Threshold to minimum value accepted in Bat Width Half Width. De-
fault is 10.
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