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1 Introduction

1.1 Purpose

This manual is a complete description of the data reductaipes used by the the VIMOS pipeline, reflecting
the status of the VIMOS pipeline as of March 3, 2011 (versidgh1).

The VIMOS pipeline is a subsystem of the. T Data Flow SystenfDFS). Its target user is ESData Flow
Operations(DFO) in the generation of master calibration data, in thduotion of scientific exposures, and
in the data quality control. It should also serve as a quidk ool for Paranal Science Operation®SO).
Additionally, the VIMOS pipeline recipes are made publidite user community, to allow a more personalised
processing of the data from the instrument.

The VIMOS instrument and the different types of VIMOS rawnfies are briefly described in Sections 3 and 5,
while the usage of the available reduction recipes is ptesen Section 4.

More detailed descriptions of the data reduction algorithused by the individual pipeline recipes can be found
in Sections 7 and 8.

In Appendix B provides a list of used abbreviations and ayms

1.2 Acknowledgements

The software package on which the VIMOS pipeline is basediwéarge parts developed by the VIRMOS
Consortium, and it is still the foundation of the current VI imaging and (older) MOS pipeline recipes.

Starting with the pipeline release 2.5.0, two new MOS rexipave been added: they have been entirely devel-
oped by ESO, and they are intended to replace the older se©& Mcipes. Among several improvements they
are primarily implementing a different calibration appcbabased on pattern recognition, which was already
applied successfully on the FORS1/2 and EFOSC2 pipelinas permits to greatly reduce the workload on
software maintenance, not requiring any preliminary adtand spectral modeling of the instrument in order to
work. Using the new recipes is mandatory for reducing dataiobd after the VIMOS CCD mosaic upgrade
(Summer 2010), and they can be used for reducing older datalas

Valuable suggestions on the ESO IFU data reduction pipelieee provided by Eric Emsellem and Arlette
Rousset-Pecontal (Centre de Recherche Astronomique d®,lsod by Martin Roth (Astrophysikalisches In-
stitut Potsdam). Further improvements were later providedr Peter M. Weilbacher (Astrophysikalisches
Institut Potsdam), and Dr Katrina Exter (Space Telescopene Institute).

The feedback we received in numerous discussions with ceta“testers”, Paola Popesso (ESO Office of the
Director General), Piero Rosati and Martino Romaniello (ESBata Management and Operations Division),
Markus Kissler-Patig (ESO Instrumentation Division), afdrald Kuntschner (ST-ECF), was very much ap-
preciated.

Useful advice has been received especially from Sandro Briod (ESO Instrumentation Division) and Stefano
Cristiani (INAF — Osservatorio Astronomico di Trieste).

Gianni Marconi, Stephane Brillant, and Stefano Bagnulo@BE&&ranal Observatory) have been unvaluable for
the good collaboration and the constant support in the filstQS years.
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In particular we want to thank Paola Sartoretti (ESO, Datandigement and operations Division), who was
a continuous source of useful ideas for improving the pigeliecipes, and for their extensive testing, and
Burkhard Wolff who continued her good job.

1.3 Reference documents

[1] VLT Data Flow System Operations Model for VLT/VLTI Instrumigtion
VLT-PLA-ESO-19000-1183

[2] VLT Data Flow System Specifications for Pipeline and Qualintrol
VLT-SPE-ESO-19600-1233

[3] Data Flow for VLT instruments Requirement Specification
VLT-SPE-ESO-19000-1618

[4] DFS Pipeline & Quality Control — User Manual VLT-MAN-ESO-#080-1619
[5] ESO DICB - Data Interface Control Document GEN-SPE-ESOR060794
[6) Common Pipeline Library User Manual VLT-MAN-ESO-19500287
[7] Gasgano User’'s Manual VLT-PRO-ES0O-19000-1932
[8] E.Bertin and S.Arnouts (1996), A&A Supp. v.117 p. 393-404
[9] VIMOS Calibration Plan VLT-PLA-ESO-14610-3556
[10] Douglas J. Mink (1997), Astronomical Data Analysis Softevar

and Systems VI, A.S.P. Conference Series, Vol. 125, p. 249-2
11] Ronald C. Stone, Jeffrey R. Pier, and David G. Monet (1998jrak. J., Vol. 118, p.2488
12] L.Mortara and A.Fowler (1981), Solid State Imagers for Aswmy, in SPIE Vol. 290, p. 28.
1

K.Horne (1986), An Optimal Extraction Algorithm for CCD Speoscopy, PASP 98, 609

1]

2]

3] E.W.Greisen and M.R.Calabretta (2002), Astronomy & Adtiggics, 395, 1061-1075.
4]

5] VIMOS Data Reduction Cookbook VLT-MAN-ESO-14600-4036
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2 Overview

In collaboration with instrument consortia, the Data Flowst®ms Department (DFS) of the Data Manage-
ment and Operation Division is implementing data reducpipelines for the most commonly used VLT/VLTI
instrument modes. These data reduction pipelines haveliog/ing three main purposes:

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

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

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

The products of the pipeline are standard FITS files for theteracalibration and science products. In addition
the pipeline generates data files (PAF and QC files) for theqa& of operational quality control within the
observatory.

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

The process of data classification and association is knevdaia organisation.

An instrument pipeline consists of a set of data processinglules that can be called from different host
application, either from the command line witksorex from the automatic data management tools available at
Paranal, or from the graphicabasganotool.

Gasganois a data management tool that simplifies the data orgammsptocess, offering automatic data clas-
sification and making the data association easeel if automatic association of frames is not yet provided
Gasganodetermines the classification of a file by applying an inseuatispecific rule, while users must provide
this information to the recipes when they are executed mbnusing Esorex from the command line.

In addition, Gasgano allows the user to execute directly the pipeline recipes @eteof selected files. An
illustrated introduction to Gasgano is provided in the "€ustart” Section of this manual (see page 21).
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3 The VIMOS instrument

VIMOS has been developed under ESO contract by the VIRMOSs@tiom, headed by the Laboratoire
d’'Astrophysique de Marseille.

The instrument has been made available to the communitytarted operations in Paranal on Aprif’, 2003.

A new set of four holographic HR_red grisms was installed IM®@S on October 5, 2005. Compared to the
previous set, the efficiency increased by about 50%.

In the context of the VIMOS Improvement Project, on Augus2@10 VIMOS was back on sky equipped with
a new CCD mosaic with higher red sensitivity (a factor of two Wavelengths longer than 8000 A) and less
interference fringing (not detectable on LR_red grism $@e@nd about 2% peak-to-valley on HR_red grism
spectra).

In this chapter a brief description of the VIMOS instrumesgiven. A more complete documentation can be
found in the VIMOS User Manual, downloadable fram t p: / / www. eso. or g/ i nst runent s/ vi nos/

3.1 Overview

VIMOS is aimed at survey-type programs with emphasis orelafgject samples rather than individual objects.
VIMOS is designed for Wide Field Imaging (14’ x 16") and extrely high Multi Object Spectroscopy capability
(up to several hundred slits). In addition, it has a unitpiegral Field Unit(IFU) providing a field-of-view up

to 1 arc minute at 0.67"/fibre in low resolution spectroscopy

The field-of-view is split in four identical channels. Fidéhses provide a corrected telescope focal plane where
flat masks are inserted in MOS mode. For the IFU instrumentenacgpecial mask bearing the IFU pseudo-slits
is used. Pupil relay lenses, folding mirrors and collimatdirect the light to the four cameras. Grisms are
inserted in front of the cameras in spectroscopic mode. Hbectbrs are four 2k x 4k EEV CCDs with pixel
size 15u. After August 7, 2010, the mosaic was replaced by a e2v CCB244-D42, deep depletion, backside
illuminated, double layer coating chips.

3.2 Directimaging
The field-of-view consists of 4 quadrants of 7' x 8’ each safed by a cross 2’ wide, with a sampling of
0.205"/pixel.

The available filters, U, B, V, R, |, and z, are close to the Modéfinition, and allow to minimise the colour
terms to transform to the Johnson system.

The filter transmission curves are available frért p: / / www. eso. org/ sci/facilities/paranal/instrun

1See http://ww eso.org/sci/facilities/paranal/instrunments/vinos/ for detector design and perfor-
mance reports of the four VIMOS CCD systems
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3.3 Multi-Object-Spectroscopy (MOS)

The multi-object mode of VIMOS uses grisms and masks. ES@ilites theVIMOS Mask Preparation
Software(VMMPS), a package developed by the VIRMOS Consortium fibrdglfinition and positioning on a
preliminary exposure on the sky region to be observed. Theaen define rectangular, curved or inclined slits
of widths larger than 0.4”. The masks are laser cut in INVARtes on Paranal with thdask Manufacturing
Unit (MMU). The instrument cabinet has a capacity of 10 masks gsofwhich are meant for maintenance and
calibration purposes.

There are 6 grisms available, all operating in first orderilBpectral characteristics are given in Table 3.3.1.

Grism Filter X (A) | Arange (A) R Dispersion (A/pixel)
LR _red OS red | 7500 | 5500-9500| 210-260 7.3
LR_blue OS_blue| 4800 | 3700-6700| 180-220 5.3
MR GG475 7000 | 4800 -10000] 580-720 25
MR OS_red | 7000 | 5500-9700| 580-720 2.5
HR_red GG475 7400 | 6500 - 8650 | 2500 - 3100 0.6
HR_orange| GG435 6310 | 5150-7600 | 2150 - 2650 0.6
HR_blue none 5100 | 4100 -6300 | 2050 - 2550 0.5

Table 3.3.1: VIMOS grisms. )\, is the zero deviation (or central) wavelength, amtl is the spec-

tral resolution for a 1" MOS slit, corresponding te- 0.8 IFU fibre. The spectral ranges are given
with the specified filter in. The transmission curves for tbar fgrism/filter units are available at
http://ww. eso.org/sci/facilities/paranal/instrunments/vinos/.

With LR grisms, a spectrum will typically span less than 60@[s along the dispersion direction. This allows
a spectral multiplexing factor up to &e., to stack up to five spectra along the dispersion directiooyiged
that there are enough well spaced targets in the field-of-vie

With MR grisms, a spectrum will span about 2000 pixels wheaduwith the GG475 filter. It is therefore
possible to stack up to 2 spectra along the dispersion diregtrovided that the slits are positioned at the very
edges of the imaging field-of-view.

With HR grisms the spectra extend beyond the detector letigghefore only spatial multiplexing is possible.
The observable spectral interval depends on the positi@nsiit on the mask, spanning about 2400 A for the
HR_red and HR_orange grisms, and about 2000 A for the HR_dviam.

A further constraint on the slit positions comes from thesprece of theé)*”, —1¢ and2"¢ grism diffraction
orders. At low spectral resolution, a dim second order spattat twice the spectral resolution would be
included in the CCD in the case of slits located in the lovier, (bluer) regions of the mask. This spectrum
would likely contaminate the multiplexed first order spaabtn the red side of the CCD. Similarly, a mirrored
—1% order spectrum at the same resolution of tffeorder spectrum and with about 1/6 of its luminosity, would
be included in the CCD in the case of slits from the highest, (fedder) regions of the mask. This spectrum
would likely contaminate the multiplexed first order spaadn the blue side of the CCD (see an illustration of
—1%t contamination on page 143). For this reason spectrallyipiexed slits are constrained to be identical,
and to have the same position along the cross-dispersieatidin: in the assumption of negligible spectral
curvatures in all orders, the", 2@ and —15¢ contaminations would then be removed by the sky subtraction
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procedure.

Aside from the above considerations, the number of slits ¢tha be accommodated in one mask obviously
depends on the target density. Simulations on real fieldggygMMPS show that above a density of about
7-10*/degreé it is possible to define masks with up to 160 10” long slitsftraat. This number drops to 125
slits/quadrant at a density of about 10* /degreé.

3.4 Integral Field Unit (IFU)

The VIMOS IFU is the largest ever made for such an applicatlononsists of 6400 (80 x 80) fibres, coupled
to microlenses. The field-of-view is square, with a contimigpatial sampling (the dead space between fibres
is below 10% of the fibre-to-fibre distance). At the entrantthe IFU there is a focal elongator providing two
spatial samplings of 0.33"/fibre and 0.67"/fibre.

The fibres are split into 16 bundles of 400 fibres each. Eadiuim&nt quadrant receives 4 bundles that are
arranged along 4 parallel pseudo-slits providing 4 mudtipld series of 400 spectra each.

The field-of-view is modified according to the used specteabtution. At low spectral resolution the field is
respectively 54” x 54” with 0.67"/fibre, and 27" x 27" with (B3fibre, 80 fibres on a side. All the pseudo-slits
are illuminated, and the multiplexed spectra belongingitferént pseudo-slits would contaminate each other
in some measure. For instance, the second order spectraigha dibject on pseudo-slit 2 of quadrant 2 would
contaminate the spectra on pseudo-slits 3 and 4, creativigusbghosts in the corresponding regions of the
reconstructed field-of-view (see Figures 3.5.2 and 3.5ag8ep 19-20).

At medium and high resolution just the 4 central bundles enlflJ head are illuminated (see Figure 3.5.3,
page 20). Only one pseudo-slit per quadrant is used, siecgptbctra span the whole detector and multiplexing
is impossible. The field-of-view is therefore 4 times smalle., 27" x 27" with 0.67"/fibre, and 13" x 13" with
0.33"/fibre, 40 fibres on a side.

The fibre-to-fibre distance at detector level is about 5.@Igixwhile the fibre profile FWHM is about 3.2 pixels.
The spectral resolution is approximately 1.25 times thetspkeresolution corresponding to a 1” slit in MOS
mode (see Table 3.3.1). The spectral coverage is identichiet MOS case for LR and MR grisms. For HR
grisms the situation is different because the spectralaasgoo large to be contained on the CCD, and since
the central slit-of-fibres is shifted by about 140 pixelsnfirthe chip centre in (spectrally) opposite directions
depending on the instrument quadrant, the common speatrgkris reduced by about 160 A leading to Table
3.4.1.

Grism Arange (A)
HR_red 6350 - 8600
HR_orange| 5250 - 7550
HR_blue 4200 - 6150

Table 3.4.1VIMOS IFU usable spectral range in high spectral resolutionde.
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3.5 IFU components numbering scheme

The conventions used in the VIMOS IFU pipeline recipes tadatd IFU fibers, IFU masks and pseudo-slits
are described in this section.

IFU masks: VIMOS has 4 IFU masks. They are counted as the VIMOS quadtantich they correspond,
i.e., counterclockwise, with the same convention used in thies@n plane (see Figure 3.5.1).

Figure 3.5.1:Counting VIMOS quadrants.

In spectral mode, blue is down and red is up in all quadrants.

IFU pseudo-slits: Each VIMOS mask hosts 4 IFU pseudo-slits, numbered from 1 foh& pseudo-slit 1 is
the one that is somewhat more separated from the other ceesigure 3.5.2).

4 4

Mask 2 2 I Mask 1
1 1
1 1

Mask 3 2 Mask 4
4 4

Figure 3.5.2:Counting IFU pseudo-slits.
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IFU fibers: Each IFU pseudo-slit hosts 400 fibers, divided into 5 block8Gfibers each. The fibers are
counted from 1 to 400, always starting from the left.

IFU head: Each pseudo-slit corresponds to a 20x20 region of the 80xB(hkead (see Figure 3.5.3).

1 3 3 1
From mask 2 From mask 1
E 4 2 2 4
T—’ N 4 2 2 4
From mask 3 From mask 4
1 3 3 1

80 x 80 fibers

Figure 3.5.3:IFU head. The number of the corresponding pseudo-slit igcatdd within each 20x20 fiber
module.

North is to the right, and East is up. The exact spatial pwsitor each individual fiber is listed in the IFU
tables (see Table 6.21.3, page 157).

llluminated pseudo-slits: In LR observations all the pseudo-slits are illuminated I{ipiexing). In MR and
HR observations, just the central pseudo-slits (numbeyede2used.
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4 Quick start

In this section the most immediate usage of the VIMOS pigalatipes is described. In particular, typical data
reduction sessions for each instrument operating moderasepted in Sections 4.3 through 4.6.

4.1 VIMOS pipeline recipes

The current VIMOS pipeline is based on a set of 25 stand-aftenges, assigned to different fundamental
operations:

Creation of general calibration data:
vmdet: creating a bad pixel table, and determining CCD gain and-oegighoise from a sequence of flat
fields at different exposure levels.
vmbias: creating a master bias from a sequence of raw bias frames.
vmdark: creating a master dark from a sequence of raw dark frames.

Creation of direct imaging calibration data:

vmimflatscreen: creating a master screen flat field from a sequence of scradieltbframes.
vmimflatsky: creating a master sky flat field from a sequence of sky flat fralichés.

vmmasktoccd: computing transformation between mask and CCD coordirfabaes an exposure with
a pinhole mask.

vmskyccd: computing the distortions of the Sky to CCD transformatimonf an exposure on a field of
astrometric stars.
Direct imaging flux calibration:
vmimstandard: reducing a photometric standard stars field image, andrdetegrg the frame magni-
tude zeropoint.
vmimcalphot: determining the mean zeropoint and, optionally, the extinccoefficient and the colour
term from any number of star match tables produced byvimemstandardrecipe.
Direct imaging data reduction:

vmimpreimaging: reducing a preimaging exposure for the preparation of a M@Skn
vmimobsstare: reducing a science exposure.
vmimobsijitter: reducing a stack of jittered science exposures.

Creation of MOS calibration data:

vmmoscalib: computing the optical distortion, the spatial curvatuned #he inverse dispersion mod-
els. Producing a spectral master flat field. This recipe oesdhe oldewmspflatandvmspcaldisp
recipes.



Doc: VLT-MAN-ESO-19500-3355
ESO VIMOS Pipeline User Manual | /Ssue: Issue 6.2
Date: Date 2011-03-03
Page: 22 of 250

vmspflat (deprecated) producing a spectral master flat field. This recipe cannotfpied to data
obtained after the Summer 2010 CCD upgrade, and it is reglagehevmmoscalilrecipe.

vmspcaldisp (deprecated) computing the optical distortion, the spatial curvatuneg ¢ghe inverse dis-
persion models. This recipe cannot be applied to data adaifter the Summer 2010 CCD upgrade,
and it is replaced by themmoscalilrecipe.

vmmosstandard(deprecated) computing the instrument spectral efficiency and responsees from a
standard star exposure. This recipe cannot be applied aoofhiédined after the Summer 2010 CCD
upgrade, and it is replaced by tiimnmosscienceecipe.

MOS data reduction:

vmmosscience:reducing a scientific exposure, or a set of (dithered) sifier@xposures. In case of
standard star exposures, also computing the instrumeiwtrapefficiency and response curves.
This recipe replaces the oldemmosobsstargmmosobsjittervmmosstandascandvmmoscombine
recipes.

vmmosobsstare(deprecated) reducing a scientific exposure. This recipe cannot be apptiedata
obtained after the Summer 2010 CCD upgrade, and it is reglagehevmmosscienceecipe.

vmmosobsijitter (deprecated) reducing a stack of jittered science exposures. This rezapaot be ap-
plied to data obtained after the Summer 2010 CCD upgradei wkplaced by themmaosscience
recipe.

vmmoscombine(deprecated) combining a stack of reduced and 2D-extracted slit spetii@med from
different observations. This recipe cannot be applied ta geoduced by themmaosscienceecipe.

vmspphot: applying flux calibration to already reduced spectra Thigpe cannot be applied to data
produced by themmosscienceecipe, but it can always be applied to IFU data.

Creation of IFU calibration data:

vmifucalib: producing an extraction mask, a wavelength calibrationl, afiber-to-fiber relative trans-
mission correction.

vmifustandard: extracting the total standard star spectrum, and compthi@ainstrument spectral effi-
ciency and response curves from a standard star exposure.

IFU data reduction:

vmifuscience:reducing a scientific exposure.

vmspphot: applying flux calibration to already reduced spectra (tei@pe is applicable also to MOS
data).

vmifucombine: compose an image of the field-of-view.

In the next sections a general description on the use ofesdfpgiven, together with more detailed information
on the individual recipes.
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4.2 Launching pipeline recipes

ESO offers two front-end applications for launching pipelrecipes,Gasgand7] and EsoRexboth included
in the pipeline distribution. These applications can alsabwnloaded separately from

http://ww. eso. or g/ gasgano
http://ww. eso. org/cpl/esorex. htn

4.2.1 Using Gasgano

To get familiar with the VIMOS pipeline recipes and their gsait is advisable to begin witbasgano because
it provides a complete graphic interface for data browsatgssification and association, and offers several other
utilities such as easy access to recipes documentationrafetned data display tools.

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

The Gasgano main window will appear. On Figure 4.2.1 (next page), a viawaocomplete set of VIMOS
IFU data is shown as an exampl&asganocan be pointed to the directories where the data to be hamadéed
located using the navigation panels accessible viadtid/Remove Filegntry of the File menu (shown on the
upper left of the figure).

The data are hierarchically organised as preferred by the Ursthis example the default grouping is shown, and
for clarity only the sub-groups belonging to the first VIMOS8agirant are expanded. After each file name are
shown the observation date, the target name, the used §lismzombination and, as an important reference,
an identifier of the type of data, listed in tHeLASSI FI CATI ON field.?2

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

Frames can be selected from the main window for being predelsg the appropriate recipe: on Figure 4.2.2,
the flat field and arc lamp exposures, an already producecentaas frame, and the necessary static calibration
tables, are all selected and sent to timeifucalib recipe. This will open aGasganorecipe execution window
(see Figure 4.2.3), having all the specified files listedsniput Framespanel.

Help about the recipe may be obtained from tHelp menu. Before launching the recipe, its configuration may
be opportunely modified on th@arameterspanel (on top). The window contents might be saved for lager u
by selecting theSave Current Settingentry from the File menu, as shown in figure.

At this point the recipe can be launched by pressingExecutebutton. Messages from the running recipe will
appear on theLog Messagepanel at bottom, and in case of successful completion thdupts will be listed
on the Output Framespanel, where they can be easily viewed and located back cBakgano main window.

Please refer to th&sasgano User's Manudl] for a more complete description of th@asganointerface.

2This is known as the dat®O category see Section 5, page 45.
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m Selected files Tools Help
Add/Remove Files...
EISHOWIETLm el ssor |Default grouping ¥ | | collapse | ‘ Find entry: | | b | | find | ‘ 1
(AT (TS File | DATE-0BS [ CLASSIFICATION | OBS.TARG.MAME| INS.GRIS1.NAME] [NS.FILT 1.NAME
Unfilter files filtered. -
Reclassify IMOS 555535355
Refresh 54-orange
Preferences... JAD = 1
Quit 04-01-02TO7:05:14.540.fits 2004-01-02T07:05:14.539  IFU_SCIENCE HE1254-0934  HR_orange GG435
Bl viMOS.2004-01-02T08:16:34, 189.fits 2004-01-02T08:16:24.188  FU_SCREEM_FLAT HE1254-0934  HR_orange GG435
Bl viM0s.2004-01-02T08:18:23.420.fits  2004-01-02T08:18:23.418  IFU_SCREEMN_FLAT HE1254-0934  HR_orange GG435
Bl viMos.2004-01-02T08:20:12. 916 fitrs  2004-01-02T08:20:12.914  IFU_SCREEN_FLAT HE1254-0934  HR_orange GG435
El viM0s5.2004-01-02T08:22:08.780.fits  2004-01-02T08:22:08.778 IFU_ARC_SPECTRUM HE1254-0934  HR_orange GG435
@ [ 0CS.CON.QUAD = 2
© [ 0CS.CON.QUAD = 3
& 3 0CS.CON.QUAD = 4
% [Ed 60.A-9050¢% VIMOS 555555355
% [EB 200127566 Calibrations
% [ 0CS.CON.QUAD = 1
Bl vM05.2004-01-02T0S58:36,438 fits  2004-01-02TOH58:26.436  BIAS Free GG435
B rmaster_bias1.fits 2004-01-02T08:58:36.436  MASTER_BlAS Free GG435
Bl vimM0s5.2004-01-02T08:59:29.007 fits  2004-01-02T08:59:29.005  BIAS Free GG435
Bl viM0S.2004-01-02T09:00:21.734.fits  2004-01-02T09:00:21.732  BIAS Free Co435
El viM0s 2004-01-02T09:01:14.696.fits  2004-01-02T09:01:14.695  BIAS Free GG435
Bl viMOs 2004-01-02T09:02:09.064 fits  2004-01-02T09:02:09.062  BIAS Free Co435
@ [ 0CS.CON.QUAD = 2
© [ 0CS.CON.QUAD = 3
& @ 0CS.CON.QUAD = 4
©- 5] 200127887  IFU_nightcalib
% B 200132478  IFU-SpecPhot-40-067-LTT3864
% @ 0CS.CON.QUAD = 1
Bl iM0s.2004-01-02T06:30:15.624 fits  2004-01-02T06:30:15.622  IFU_STANDARD LTTZE64 HR_arange GG435
© [ 0CS.CON.QUAD = 2
& @ 0CS.CON.QUAD = 3
& [ 0CS.CON.QUAD = 4
@ [Ed Unknown Program
@ [ Unknown Observation
P
13364 1fits STD_FLUX_TABLE LTT-2864
axtinet_table. tfits EXTINCT _TAELE
9 OCS.CON.QUAD = 1
ifu_ident_HR_orange. 1.fits 01/01/00 IFU_IDEMNT HR_arange GG435
cat_HR_orange.tfits LINE_CATALOG HE_orange
fdiskd/ cizzo/vimos_demo;/ IFLl{ raw/ VIMOS.2004- 01- 02T07:05:14.54 0.fits VIMOS_IFU_OBS002_0001_E.1.fits IFU_SCIENCE
Extension: H Find in header: | - | | find | H| Load Filter | ! Filter ‘ ) Auto Display
4] [ »
Feswiord | value [
SIMFLE T
BITFIX 16
MAXIS F]

Figure 4.2.1.The Gasgano main window.
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File | Selected files | Tools  Help
Display... | r ) =
@‘ To Recipe | V{ Load Recipe b vmbias ﬂ | collapse ‘ Find entry: | | i | | find | ‘ g
|l SR R DR ATE-OBS [ CLASSIFICATION | OBS.TARG.MAME] INS.GRIS1.NAME] (N5.FILT 1. NAME
A Report... . vimdet
9 [ Move. 555555555 [ Mmifucalib
@ Copy... nge vmifucombine
Tar... vimifuscience
Run... —Q2T0O7:05: 14 vmifustandard 2TO7:05:14.5329  [FU_SCIENCE HE1254-0934 HE._orange GG43s
Bl viM05.2004-01-02T08:16:34 vmimcalphot 2T08:16:34.188  |FU_SCREEN_FLAT HE1254-0934  HR_orange GG435
Bl viMos.2004-01-02T0S:18:22 vmimflatscreen 2TOS:18:23 418  IFU_SCREEN_FLAT HE1254-0934  HR_orange GG435
Bl viMos 2004-01-02T08:20: 17 vmimflatsky 2T08:20:12 914  |FU_SCREEN_FLAT HE1254-0%34  HR_orange GG435
Bl viM0s, 2004-01-02T0S:22:08 vmimobsjitter 2TOB:22:08.778  |FU_ARC SPECTRUM  HE1254-0934  HR_orange GG435
& g OC5.CON.QUAD = 2 vmimobsstare
@ [ 0CS.CON.QUAD = 3 S PinifieEe T
@ [ 0CS.CON.QUAD = 4 e g
% [ 60.A-9050¢% VIMOS 553555335 e oIae
@ [B] 200127566 Calibrations 2
- vimmosobsjitter
9 0CS.CON.QUAD = 1
El viMos 2004-01-02T0O858:3 IS DO 2TDE:58:36.436 BIAS Free GG435
B rraster biasi fits vmmosstandard o500 5506 436 | MASTER BlAS Free GGE435
Bl vimMos.2004-01-02T08:59:24 vmspcaldisp 2TO8:59:29.005  BlAS Free G435
Bl viMaos.2004-01-02To9:00:27 ¥mspflat 2T09:00:21.732  BIAS Free GG435
Bl viMos.2004-01-02T09:01: 14 ¥Mmspphot 2T09:01:14.695  BIAS Free CG435
Bl viM05.2004-01-02T09:02:09.064 fits  2004-01-02T09:02:09.062  BIAS Free o435
& [ 0CS.CON.QUAD = 2
& [ 0CS.CON.QUAD = 3
@ [ 0CS.CON.QUAD = 4
©- [EB] 200127887 IFU_nightcalib
% [EE 200132478 IFU-SpecPhot-40-067-LTT3864
9 0CS.CON.QUAD = 1
Bl viMOs.2004-01-02T06:30:15.624 fits  2004-01-02T06:30:15.622  IFU_STANDARD LTTZE64 HR_arange GG435
@ [@ OCS.CON.QUAD = 2
@ (7 0CS.CON.QUAD = 3
o 0CS.CON.QUAD = 4
@ [Ed Unknown Program
@ Unknown Observation
¢ M
tr3 854 tfits STD_FLUX_TABLE LTT-3864
extinet_table.tfits EXTINCT _TABLE
§ [# OCS.CON.QUAD = 1
a ifu_ident_HR orange. 1. fits Q101700 IFLL_IDENT HF._orange GG435
| lcat_HR_orange.tfits LINE_CATALOG HE.__orange

LA

Jdiskd/cizzo/vimos_demo; IFU/ raw/ VIMOS. 2

004-01-02T08:16:34.189.fits

VIMOS_IFU_LAMPO02_0004_B.1.fits IFU_SCREEN_FLAT

Extension: ER ~ HFind in header: |=|| fina |H| Load Filter | C Filter ‘ ) Auto Display
4
Kevwward | Yalue
SIMPLE L
BITPIX 16
MAKIS

Figure 4.2.2:Selecting files to be processed by a VIMOS pipeline recipe.
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Fﬂ Help
ave Current Settings
Load Current Settings
Clear Current %
Clisca o | Walue | Default Range ]
e ararrere e £M0VING method  Zmaster |Emaster - Add to pool
vimos. Parameters badpixel.clean ) |}
vimos. Parameters. apply.transmissian [EN | [v] | @
vimos.Parameters.ids. maxrms 2.0 2.0 RamiesT POl
vimos.Parameters.trace.failed = 33| - 22| -
vimos.Parameters. quality:. enahle [v] Iv]
rinput Frames
Include | Filename Classification | | |
v fwmos 2004-01-02T08: 18:22 420.fits _IFLLSCREEN_FLAT Locate | Display 1=
| IFU_SCREEM_FLAT Locate | Display
el | IFU_ARC _SPECTRUM. Locate | Display
[ Emaster bias L fits |MASTER_Bl4S Locate | Display
[l lifu_ident_HR_orange. L fits IFU_IDENT Locate | Display Request 3
¥l licat_HR_orange tfits LINE_CATALOG Locate | Display Requast 2
~Product Naming Request 1
Product Root Directory: (fdiska/home/dummyfgasgano/bin | | Browse | Naming S5cheme: | Numeric ¥ @

A

[ peane |5}

rOutput Frames

| Filenarne | Classification ] I
ifu_arc_spectrurm_extracted 0000 fits [IFU_ARC_SPECTRUM _EXTRAC.. | Locate | Display |
|fu a_t_spectr_L_n_"q extracted_0000 fits |IFL_ E!__AT SPECTRUM_BXTRA.. | Locate | Display |
|fu ids_0000utfits WFuoos Locate | Display |
|fu master_scree _flat 0000 fits |IFU_MASTER_SCREEM_FLAT | Locate | Display |
If.L.,I._F_[’E.lE.E._OQQO }flts_ . IFUTRACE | Locate | Display |
ifu_transmission_Qo0Q0 tfits IFU_TREAMNSMISSION | Locate | Display |
rLog Messages

| Save | | Clear |

12:40:1% [ IMFOQ | Processing data from quadrant 1, HR_orange G425, shutter OR. . =

12:40:19 [ INFO | Bias rermawal. ..

12:40:20 [ INF2Q ] Combining 2 flat fields with method '"Median’ ||

12:40:24 [ INFO ] Processing spectra in pseudo-slit 2: _

13:40:24 [ INFO | Identify and trace flat field spectra...

12:40:26 [ INFO ] Cross-carrelation offset with reference identification: -3. 97329322

12:40:2% [ INFO ] 258 out of 400 spectra were identified and traced.

13:40: 29 [ INFO ] Extract flat field spectra. .

12:40:44 [ INFOQ | Extract arc lamp spectra.. =
40054 | 1 C h Fl

L]

Figure 4.2.3.The Gasgano recipe execution window.
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4.2.2 Using EsoRex

EsoRexis a command line utility for running pipeline recipes. Ityrtze embedded by users into data reduction
scripts for the automation of processing tasks. On the dthed, EsoRexdoesn't offer all the facilities available
with Gasgang and the user must classify and associate the data usingftrenation contained in the FITS
header keywords (see Section 5, page 45). The user shoolda#ks care of defining the input set-of-frames
and the appropriate configuration parameters for eacheeaip:

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

Here is an example of SOF fdEsoRex valid for the vmmoscalibrecipe:

VI MOS. 2010- 05- 11T03: 46: 22. 860.fits MOS_ARC_SPECTRUM
VI MOS. 2010- 05-11T03: 42: 10. 264.fits MOS_SCREEN_FLAT
VI MOS. 2010- 05-11T03: 43: 36. 323.fits MOS_SCREEN_FLAT
VI MOS. 2010- 05-11T03: 45: 02. 342. fits MOS_SCREEN_FLAT

/ home/ vi nos/ cal / nbias. 3.fits MASTER BI AS
[home/vinos/cal/lcat_MR 1.fits LI NE_CATALOG

/ home/ vi nos/ cal / VI MOS_GRS_MR G475 _1.fits CONFI G TABLE

The pipeline recipe will access the listed files when reqlibg the reduction algorithm.

Note that the VIMOS pipeline recipes do not proof in any wag tlorrectness of the classification tags
specified by the user in the SOF. In the above example, thpaeeimmmoscalib will treat the frame
VI MOS. 2010- 05- 11T03: 46. .. asa MOS_ARC_SPECTRUM, the franmbi as. 3. fits asa
MASTER_BIAS, etc., even when they do not contain this typdaif.

Using Gasgano as an interface to the pipeline recipes will always ensurereect classification of all
the data frames, assigning the appropriate DO categorycto@ae of them (see Section 4.2.1, page 23).

Recipe configuration: Each pipeline recipe may be assigned BisoRex configuration file, containing the
default values of the parameters related to that retiphe configuration files are normally generated in
the directory $HOVE/ . esor ex (as will be shown in the subsequent examples), and have e Isame
as the recipe to which they are related, with the filenamensite . r c. For instance, the recipembias
has its EsoRexgenerated configuration file nameadrbi as. rc.

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

# --StackMet hod
# Stacking nmethod ( Average | Median | M nMax | Ksigma | Auto )
vi nos. Par anet er s. st acki ng. net hod=Aver age

3The set-of-frames corresponds to theput Framespanel of the Gasganorecipe execution window (see Figure 4.2.3, page 26).
“The EsoRexrecipe configuration file corresponds to tRarameterspanel of the Gasganorecipe execution window (see Figure
4.2.3, page 26).
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In this example, the parametstt acki ng. met hod is set to the valuéAver age. In the configuration

file generated byEsoRex one or more comment lines are added containing informatimut the possible
values of the parameter, and an ali8s §ck Met hod) that could be used as a command line option (see
ahead).

The hierarchy introduced in the parameter names has clyrmenteffect. Although it is not used at the
moment, it is envisaged that this feature will be used inriteleases to avoid potential name clashes.
The shorter parameter aliases are made available for useaommand line.

The parameter names belonging to the recipe specific coafigarfiles are described in the correspond-
ing recipe sections.

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

The basic format for usindEsoRexis as follows:
esor ex [ esorex_optior]s recipe_nam¢g recipe_optionk set of frames

A list of all the available recipes, each with a one-line dgggion, can be obtained using the command:
esorex --recipes

To get help for an individual recipe (in the subsequent examymbias is used), the following is used:
esorex --hel p vnbias

In order to display the current parameters setting of a edipe following command may be used:
esorex --parans vnbi as

If the default recipe configuration file is not found, or a parfar value is not configured within this file, then
the system defaults will be shown and used. The command:

esorex --create-config vnbi as

will create in the $HOVE/ . esor ex directory a configuration filevnbi as. r ¢ with the default parameters
settings for the recipasmbias This file can then be modified with the preferred text editor.

A recipe can be run by specifying its name EsoRextogether with the name of a set-of-frames. For instance,
the following command line would be used to run the recyopmbias for processing the files specified in the
set-of-framesvnbi as. sof :

®If a number of recipe parameters are specified on the comnia@dhe given values will be used in the created configundile.
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esorex vnbi as vnbi as. sof

The recipe parameters can be modifyed either by editingitjréhe used configuration file, or by specifying
new parameter values on the command line using the comma@adlfitions defined for this purpose. Such
command line options should be inserted after the recipeersard before the SOF name, and they will supersede
the system defaults and/or the configuration file settings.iriStance, to set th@mbias recipe StackMethod
parameter toMedi an, the following should be typed:

esorex vnbi as --StackMet hod=Medi an vbi as. sof

There are also parameters used to configureBlseRexlauncher, that may be listed in amsor ex. r ¢ con-
figuration file located undefSHOVE/ . esor ex . On the command line, th&soRexoptions must be inserted
before, and not after, the specified recipe name. BseRexoptions are those that are recipe independent, as
for instance the verbosity level, the directory where ttape products should be written, or the permission to
overwrite old products with new ones.

Here are some more examples of running a recipe:

esorex --output-prefix=test vimasktoccd --C eanCosni cs=true test. sof
esorex --mnsg-1| evel =debug vnmeskyccd - - SExt ract or. Wndow=1, 1, 1900, 2300 skyccd
esorex vmmoscalib --gc=fal se --dradi us=15 --sradi us=20 i n. sof

esorex --tinme=true vimossci ence --stack_net hod=ksi gna i nput 1. sof

In the vmmasktoccdexample the cosmic ray cleaning is switched on, and the ptefist _ is prepended to
output products names. The input SOF is the filest . sof .

In the vmskyccdexample the verbosity level is set tdebug, so that all messages are displayed, including
the debug ones. In addition to that, SExtractor operatioasestricted to the specified image region. The input
SOF is a file namedkyccd.

In the vmmaoscalibexample the computation of quality control parametersrisdd off, and the flat field trend
removal (used in the flat field normalisation) is performenhgs® median filter with a running box of 15 pixels
in the dispersion direction, and 20 pixels in the spatiatction. The input SOF is n. sof .

Finally, in the vmmosscienceexample the execution of the recipe is timed and the inp@insific frames (if
more than one is specified) are stacked using a k-sigma etippiethod. The input SOF isnput 1. sof .

For more information onEsoRex seehtt p: / / ww. eso. or g/ cpl / esorex. htm .
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4.3 Example of imaging data reduction

A simple, typical imaging data reduction procedure uslB§OREXis described her.|t is assumed that the
following data are available:

One scientific exposure:

VI MOS. 2004- 09- 25T09: 27: 15. 336. fits I MG_SClI ENCE
One standard star field exposure:

VI MOS. 2004- 09- 25T08: 20: 10. 006. fits | MG_STANDARD

Five bias exposures:

VI MOS. 2004- 09- 25T08: 00: 27. 821.fits Bl AS
VI MOS. 2004- 09- 25T08: 01: 05. 604. fits Bl AS
VI MOS. 2004- 09- 25T08: 01: 44. 091. fits Bl AS
VI MOS. 2004- 09- 25T08: 02: 22. 070. fits Bl AS
VI MOS. 2004- 09- 25T08: 03: 01. 042. fits Bl AS

Four twilight flat fields:

VI MOS. 2004- 09- 25T10: 00: 25. 956. fits | MG_SKY_FLAT
VI MOS. 2004- 09- 25T10: 01: 09. 806. fits | MG_SKY_FLAT
VI MOS. 2004- 09- 25T10: 01: 51. 246.fits | MG_SKY_FLAT
VI MOS. 2004- 09- 25T10: 03: 13. 433.fits | MG_SKY_FLAT

Three dome flat fields:

VI MOS. 2004- 09- 25T13: 57: 07. 351. fits | MG_SCREEN_FLAT
VI MOS. 2004- 09- 25T13: 57: 52. 041. fits | MG_SCREEN_FLAT
VI MOS. 2004- 09- 25T13: 58: 36. 842. fits | MG_SCREEN_FLAT

All the listed data are meant to belong to the same VIMOS caradr

In the following, it is also assumed for simplicity that thagl suppr ess- prefi x is set to TRUE in the
EsoRexconfiguration file, so that the product file names will just Gentical to their product categories, with
the extension. fi t s. Moreover, it is assumed that all the handled files (inputs@moducts) are located in the
current directory. The only exception is represented bystia@dard calibration tableg.¢, star catalogues),
that here are assumed to be located undeone/ vi nos/ cal .

The procedure is as follows:

First, a master bias is created with the recipmbias (see Section 6.2, page 68). The following set-of-frames
may be prepared:

5The procedure usingsasganginstad of EsoRex, is conceptually identical.
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File: bias.sof

VI MOS. 2004- 09- 25T08: 00: 27. 821.fits Bl AS
VI MOS. 2004- 09- 25T08: 01: 05. 604. fits Bl AS
VI MOS. 2004- 09- 25T08: 01: 44. 091. fits Bl AS
VI MOS. 2004- 09- 25T08: 02: 22. 070.fits Bl AS
VI MOS. 2004- 09- 25T08: 03: 01. 042. fits Bl AS

The following command line can be given at the shell prompt:
esorex vnbi as --StackMet hod=Aver age bi as. sof

The file mast er _bi as. fits, containing the bias master calibration obtained from thmui exposures, is
created.

For creating the master flat field calibration, the recipaimflatsky(see Section 6.5, page 77) is applied to the
four input twilight flat field exposures. The SOF may be preplaas follows:

File: sky.sof
VI MOS. 2004- 09- 25T10: 00: 25. 956. fits | MG_SKY_FLAT
VI MOS. 2004- 09- 25T10: 01: 09. 806. fits | MG_SKY_FLAT
VI MOS. 2004- 09- 25T10: 01: 51. 246. fits | MG_SKY_FLAT
VI MOS. 2004- 09- 25T10: 03: 13.433.fits | MG_SKY_FLAT
master_bias.fits MASTER BI AS

where the newly created master bias calibration is used.

The command line:
esorex vm nfl at sky --StackMet hod=Medi an sky. sof

will create the file i ng_nmaster _sky flat.fits, that can be used for the flat field correction of the
scientific exposure.

Alternatively, a master sky flat field calibration may be ¢egbby combining the dome flat field exposures, car-
rying more accurate information about the high frequencgdipattern noise, with the sky flat field exposures,
carrying more reliable information on the large scale tenfithe CCD illumination. For processing the raw
screen flat field exposures, the recipeimflatscreenis used (see Section 6.4, page 74), and the SOF may be
prepared as follows:

File: dome.sof

VI MOS. 2004- 09- 25T13: 57: 07. 351. fits | MG_SCREEN_FLAT
VI MOS. 2004- 09- 25T13: 57: 52. 041. fits | MG_SCREEN_FLAT
VI MOS. 2004- 09- 25T13: 58: 36. 842. fits | MG_SCREEN_FLAT

master _bias.fits MASTER BI AS
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The command line:
esorex vm nfl atscreen done. sof

will create the two files ng_mast er _screen_flat.fits andi ng_conbi ned_screen_flat.fits.
The master flat field will be added to the set-of-frames of neimflatskyrecipe:

File: sky.sof
VI MOS. 2004- 09- 25T10: 00: 25. 956. fits | MG_SKY_FLAT
VI MOS. 2004- 09- 25T10: 01: 09. 806. fits | MG_SKY_FLAT
VI MOS. 2004- 09- 25T10: 01: 51. 246.fits | MG_SKY_FLAT
VI MOS. 2004- 09- 25T10: 03: 13.433.fits | MG_SKY_FLAT
master _bias.fits MASTER BI AS
i mg_naster_screen_flat.fits | MG_MASTER SCREEN FLAT

This will be called as before:
esorex vm nflatsky --StackMet hod=Medi an sky. sof

With the master bias and the master flat field it is now possibteduce the scientific observation. The set-of-
frames may be defined as follows:

File: science.sof

VI MOS. 2004- 09- 25T09: 27: 15. 336. fits | MG_SCI ENCE
master_bias.fits MASTER BI AS
img_nmaster_sky flat.fits | MG_MASTER SKY_FLAT
[ home/ vi nos/ cal / badpi xel . 1. tfits CCD_TABLE

/[ home/vinos/cal/ipc_R 1.tfits PHOTOVETRI C_TABLE

A bad-pixel table is specified in the set-of-frames, becanghis example a bad-pixel correction will be re-
guested when running themimobsstarerecipe (see Section 6.11, page 94). The specified photantebie
from the calibration directory tree carries the standardjnitade zeropoint for a given filter and a given instru-
ment quadrant. This magnitude zeropoint will be copied &ttbader of the reduced image. Note that in this
example it is assumed that the data belong to the 1st quadrahtvere obtained using the R filter.

The scientific exposure is then reduced by running:
esorex vm nobsstare --C eanBadPi xel =TRUE sci ence. sof

This will create the reduced scientific exposuieng_sci ence_reduced. fits, and the list of detected
objects,i ng_gal axy_table.fits.

Alternatively, since a standard star field observation ftbemsame night is available, a more reliable photometric
table may be computed. For this purpose, the following $étames may be created:
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File: standard.sof

VI MOS. 2004- 09- 25T08: 20: 10. 006. fits | MG_STANDARD
master_bias.fits MASTER BI AS
ing_master_sky flat.fits | MG_MASTER_SKY_FLAT

[/ honme/vi nos/ cal / phstd_stetson.tfits PHOTOVETRI C_CATALOG
This is processed by themimstandardrecipe (see Section 6.8, page 86):
esorex vm nstandard st andard. sof

Three files are produced: the reduced imaigeyg_st andar d_r educed. fi t s; the list of detected objects,

i ng_gal axy_table.fits; and mostimportant ng_star_natch_tabl e.fits, the list of identi-
fied standard stars, that includes the differences betweecdtalog magnitude and the instrumental magnitude
for each detected standard star.

The star match table is then included in the set-of-framéBeof/mimcalphotrecipe (see Section 6.9, page 91):

File: phot.sof
ing_star_match_table.fits | MG_STAR_MATCH TABLE
/home/vinos/cal/ipc_R 1.tfits PHOTOVETRI C_TABLE

This is processed with:
esorex vni nctal phot phot. sof

generating a new photometric tablphot onetri c_tabl e. fits, that will then replace the standard one
inthe sci ence. sof set-of-frames shown above.

4.4 Example of MOS data reduction using the new recipes

A simple, typical MOS data reduction procedure is describedk! It is assumed that the following data are
available:

One scientific exposure:
VI MOS. 2004- 09- 27T02: 39: 11. 479.fits MOS_SCI ENCE
One standard star exposure:

VI MOS. 2004- 09- 27T03: 12: 12. 006. fits MOS_STANDARD

"The procedure usingsasganginstead of EsoRex, is conceptually identical.
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Three flat field exposures obtained with the mask used fordiemtfic exposure:

VI MOS. 2004- 09- 27T18: 59: 03. 641.fits MOS_SCREEN_FLAT
VI MOS. 2004- 09-27T19: 00: 07. 828. fits MOS_SCREEN_FLAT
VI MOS. 2004- 09- 27T19: 01: 14. 252. fits MOS_SCREEN_FLAT

One arc lamp exposure obtained with the mask used for thetsmeexposure:
VI MOS. 2004- 09- 27T19: 13: 03. 631. fits MOS_ARC_SPECTRUM

Three flat field exposures obtained with the mask used forttrelard star exposure:

VI MOS. 2004- 09- 27T19: 22: 22. 308. fits MOS_SCREEN_FLAT
VI MOS. 2004- 09- 27T19: 23: 14. 722. fits MOS_SCREEN_FLAT
VI MOS. 2004- 09- 27T19: 24: 52. 651. fits MOS_SCREEN_FLAT

One arc lamp exposure obtained with the mask used for thdatdustar exposure:
VI MOS. 2004- 09- 27T19: 33: 44.097.fits MOS_ARC_SPECTRUM

Five bias exposures:

VI MOS. 2004- 09- 27T08: 00: 27. 821.fits Bl AS
VI MOS. 2004- 09- 27T08: 01: 05. 604. fits Bl AS
VI MOS. 2004- 09- 27T08: 01: 44.091. fits Bl AS
VI MOS. 2004- 09- 27T08: 02: 22. 070.fits Bl AS
VI MOS. 2004- 09- 27T08: 03: 01. 042. fits Bl AS

All the listed data are meant to belong to the same VIMOS aarddwith the same grism and filter in use.

In the following, it is also assumed for simplicity that thagl suppr ess- prefi x is set to TRUE in the
EsoRexconfiguration file, so that the product file names will just @entical to their product categories, with
the extension. fi t s. Moreover, it is assumed that all the handled files (inputs@moducts) are located in the
current directory. The only exception is represented bystia@dard calibration tables.f, line catalogues),
that here are assumed to be located uhdee/ vi nos/ cal .

The procedure is as follows:
First, a master bias is created with the recipmbias exactly as described in Section 4.3, page 30.
The productimast er _bi as. fi t sis used in the reduction of the flat field, arc lamp, and sdiergkposures.

In order to process the available flat field and arc lamp exgssuhe recipevmmoscalibis used (see Section
6.13, page 102). The input SOF may be defined as follows:
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File: moscalib.sof

VI MOS. 2004- 09- 27T18: 59: 03. 641.fits MOS_SCREEN_FLAT
VI MOS. 2004- 09- 27T19: 00: 07. 828.fits MOS_SCREEN_FLAT
VI MOS. 2004- 09- 27T19: 01: 14. 252. fits MOS_SCREEN_FLAT
VI MOS. 2004- 09- 27T19: 13: 03. 631.fits MOS_ARC_SPECTRUM
master_bias.fits MASTER BI AS
/home/vinos/cal/lcat_LR red. 1. tfits LI NE_CATALOCG

/[ home/vinos/cal /VIMOS GRS LR red_OS red_1.fits CONFI G_TABLE

where it is assumed that the data belong to the 1st quadrahtyere obtained using the LR_red grism.

The following command line can be given at the shell prompt:
esorex vmmoscal i b noscal i b. sof

Several products are created on disk, mainly for check mamo The products which are necessary for the
scientific data reduction are the following:

mos_master_screen_flat.fits:normalised flat field image.
mos_slit_location.fits: slit positions on the CCD.

mos_curv_coeff.fits: coefficients of the spatial curvature fitting polynomials.
mos_disp_coeff.fits: coefficients of the wavelength calibration fitting polynaisi

Products for checking the quality of the result are:

mos_combined_screen_flat.fitssum of all the input flat field exposures.

mos_curv_traces.fits: table containing the: CCD positions of the detected spectral edges at dif-
ferenty CCD positions, compared with their modeling.

mos_delta_image.fits:deviation from the linear term of the wavelength calibratfiiting polyno-
mials.

mos_disp_residuals.fits:residuals for each wavelength calibration fit, produced drthe recipe
configuration --check is set.

mos_disp_residuals_table.fits:table containing different kinds of residuals for a samgleave-
length calibration fits.

global_distortion_table.fits: table containing the modeling of the coefficients listedhia t
nmos_curv_coeff.fits andnos_di sp_coeff. fits tables, only produced if more
than 6 slits are available.

mos_arc_spectrum_extracted.fits:rectified and wavelength calibrated arc lamp image.

mos_spectra_detection.fits:result of preliminary wavelength calibration applied te input arc
lamp exposure, produced only if the recipe configuratioheek is set.
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mos_wavelength_map.fits:map of wavelengths on the CCD.
mos_spatial_map.fits: map of spatial positions on the CCD.

mos_slit_map.fits: map of the grism central wavelength, produced only if théaeconfiguration
--check is set.

mos_spectral_resolution.fits: mean spectral resolution for each reference arc lamp line.

Most of the above FITS files have more than one extensiorké {ti this case) spectral multiplexing was applied
in the observation: each FITS file will include one data secfor each rank of spectral multiplexing.

Now the scientific frame can be processed, and for this thpegegnmossciencés used (see Section 6.14, page
118). The following set-of-frames file may be created:

File: mosscience.sof

VI MOS. 2004- 09- 27T02: 39: 11. 479.fits MOS_SCI ENCE
master_bias.fits MASTER BI AS

nos_master _screen _flat.fits MOS MASTER SCREEN FLAT
nmos_di sp_coeff.fits MOS_DI SP_COEFF
nmos_curv_coeff.fits MOS_CURV_COEFF

nmos_slit _location.fits MOS SLI T_LOCATI ON

/[ home/vinos/cal /VIMOS GRS LR red_OS red_1.fits CONFI G_TABLE

Note that the same (optional) CONFIG_TABLE specified in timescal i b. sof file is used here. This is
advisable, even if not really mandatory.

With the following command:
esor ex vnmossci ence nossci ence. sof
the following products are created on disk:

mos_science_sky_extracted.fitsimage with rectified and wavelength calibrated slit spectra

mos_science_extracted.fitsimage with rectified, wavelength calibrated, and sky suibéh slit
spectra.

mos_science_sky.fitsimage with rectified and wavelength calibrated slit sky $@ec
mos_unmapped_science.fitsimage with the sky subtracted scientific spectra on the CCD.
mos_sci_unmapped_sky.fitsimage with the modeled sky spectra on the CCD.
mos_science_reduced.fitsimage with extracted objects spectra.

mos_sci_sky reduced.fitsimage with sky corresponding to the extracted objects spect

mos_sci_error_reduced.fits:image with the statistical errors corresponding to theastéd ob-
jects spectra.

object_sci_table.fits: slit positions on the CCD, on the mapped images, and positibrthe de-
tected objects within the slits.



Doc: VLT-MAN-ESO-19500-3355
ESO VIMOS Pipeline User Manual | /Ssue: Issue 6.2
Date: Date 2011-03-03
Page: 37 of 250

mos_sci_skylines_offsets_slit.fitstable containing the observed sky lines offsets that weeel us
for adjusting the input wavelength solutions.

mos_sci_wavelength_map_sky.fitsmap of wavelengths on the CCD.

mos_sci_disp_coeff_sky.fitswavelength calibration polynomials coefficients aftegainent of
the solutions to the position of the sky lines.

More products would be created, depending on possible mgpspecified on the command line.

The recipe vmmossciencemay also be used to handle more than one scientific exposioeided that all
exposures were obtained using the same mask. In that cadaptit frames would be reduced one by one, and
finally aligned and stacked into products analogous to theseribed above.

Support for a spectro-photometric calibration is also lat@e, but in this case an atmospheric extinction table
(see entry EXTINCT_TABLE, page 119) and a spectral responsee for the present instrument configuration
(see MOS_SPECPHOT_TABLE entry, page 126) must also befsgzbi input.

Spectral response curves can be produced using the samesscienceecipe. In this example, the following
set-of-frames files would be created, respectively for tihhemoscaliband vmmosscienceecipes:

File: stdcalib.sof

# These are calibrations obtained with the standard star nask:

VI MOS. 2004- 09- 27T19: 22: 22. 308. fits MOS_SCREEN_FLAT

VI MOS. 2004- 09- 27T19: 23: 14. 722.fits MOS_SCREEN_FLAT

VI MOS. 2004- 09- 27T19: 24: 52. 651. fits MOS_SCREEN_FLAT

VI MOS. 2004- 09-27T19: 33: 44.097.fits MOS_ARC_SPECTRUM
# Static calibrations remain typically the same as for science:

master_bias.fits MASTER BI AS

/[ home/vinmos/cal/lcat_LR red. 1. tfits LI NE_CATALOG

/[ home/vinos/cal /VIMOS GRS LR red_OS red_1.fits CONFI G_TABLE

File: stdscience.sof

VI MOS. 2004- 09- 27T03: 12: 12. 006. fits MOS_STANDARD
master_bias.fits MASTER BI AS
nos_nmaster_screen_flat.fits MOS_MASTER_SCREEN_FLAT
nmos_di sp_coeff.fits MOS_DI SP_COEFF
nos_curv_coeff.fits MOS CURV_COEFF
mos_slit_location.fits MOS_SLI T_LOCATI ON

[/ home/ vi nos/ cal /VIMOS_GRS LR red_OS red_1.fits CONFI G_TABLE

# Added at nospheric extinction table:
/[ honme/vinos/cal /extinct_table.tfits EXTI NCT_TABLE
/ home/ vi nos/ cal / gd108.tfits STD FLUX TABLE

The produced filemrbs_specphot _t abl e. fi ts can then be added to theossci ence. sof file (pre-
vious page). Runninggmmosscienceetting the option--photometrywould result in the additional production
of flux calibrated extracted spectra:
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mos_science_flux_extracted.fitsimage with rectified, wavelength calibrated, sky subtrdcéand
flux calibrated slit spectra.

mos_science_flux_reduced.fitsimage with extracted and flux calibrated objects spectra.

mos_sci_error_flux_reduced.fits:image with the statistical errors corresponding to theastad
and flux calibrated objects spectra.

4.5 Example of MOS data reduction using the old recipes

A simple, typical MOS data reduction procedure is descrihete, using the old MOS recipes which have
been available in the past years. These recipespflat vmspcaldispvmmosstandardvmmosobsstareand
vmmosobsjitterare all deprecated, and any maintenance work related o lizs been stopped. Please refer to
Section 4.4 if you need to reduce MOS data, unless you hawe gasons for continuing using the old recipes:
but please note that this would not work anyway for data oketiafter the CCD mosaic upgrade of Summer
2010.

It is assumed here that the available data are the same aspnetfious Section 4.4, page 33.

In the following, it is also assumed for simplicity that thagl suppr ess-prefi x issettotrue inthe
EsoRexconfiguration file, so that the product file names will just deritical to their product categories, with
the extension. fi t s. Moreover, it is assumed that all the handled files (inputs@oducts) are located in the
current directory. The only exception is represented bystia@dard calibration tableg.f, line catalogues),
that here are assumed to be located undeme/ vi nos/ cal .

The procedure is as follows:
First, a master bias is created with the recipmbias exactly as described in Section 4.3, page 30.
The productnast er _bi as. fi t sisused in the reduction of the flat field, arc lamp, and sdiergkposures.

In order to process the available flat field exposures, thipeeemspflatis used (see Section 6.15, page 133).
The input SOF may be defined as follows:

File: mosflat.sof

VI MOS. 2004- 09- 27T18: 59: 03. 641.fits MOS_SCREEN_FLAT
VI MOS. 2004- 09- 27T19: 00: 07. 828.fits MOS_SCREEN_FLAT
VI MOS. 2004- 09- 27T19: 01: 14. 252. fits MOS_SCREEN_FLAT
master _bias.fits MASTER BI AS
/[ home/vinos/cal/grs_LR red. 1.tfits CGRI SM_TABLE

where it is assumed that the data belong to the 1st quadrahtyere obtained using the LR_red grism.

The following command line can be given at the shell prompt:
esorex vnepflat --StackMet hod=Average nosfl at. sof

The products are the MOS master screen fiats _mast er _screen_fl at. fits, andthe non-normalised
screen flat fieldyros_conbi ned_screen_fl at. fits. The latter should be specified in the set-of-frames
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associated to thesmspcaldisprecipe (see Section 6.16, page 136), used to reduce thenapcdaposure, and
to determine the spectral distortions of the instrument:

File: distortions.sof

VI MOS. 2004- 09- 27T19: 13: 03. 631. fits MOS_ARC_SPECTRUM

master _bias.fits MASTER BI AS

nos_conbi ned_screen_flat.fits MOS_COVBI NED_SCREEN_ FLAT
/home/vinos/cal/grs_LR red.1.tfits CGRI SM TABLE

/[ home/vinos/cal/lcat_LR red. 1. tfits LI NE_CATALOG
This is processed by:
esorex vnspcal di sp distortions. sof

The products are the extraction tablext ract _t abl e. fits, that will make possible to extract the scien-
tific slit spectra according to the determined instrumestattions; and the image of the extracted arc lamp slit
spectra,nmos_arc_spectrum extracted. fits, thatis just used for quality control purposes.

The extraction table is specified in the last set-of-franties,one associated to the recipenmosobsstarésee
Section 6.17, page 142), used to reduce and extract theificispectra:

File: objects.sof

VI MOS. 2004- 09- 27T02: 39: 11. 479.fits MOS_SCI ENCE
master_bias.fits MASTER BI AS
extract _table.fits EXTRACT_TABLE
/[ home/vinos/cal/grs_LR red. 1.tfits CGRI SM_TABLE

This is processed by:
esorex vnmosobsstare obj ects. sof

The products are the extracted object speatnas _sci ence_r educed. fi t s; the sky subtracted slit spec-
tra, nos_sci ence_extracted. fits; the sky slit and extracted spectraps_sci ence_sky.fits
and nos_sky reduced. fits;and a couple of tables containing the identification of thizaeted object
spectra and their position along the slkithj ect _tabl e.fits andw ndow table.fits.

If, as in this case, a standard star exposure is availatldesaime procedure would be repeated for the reduction
of the standard star observation, using its associatedraibns. The only exception is in the final step, where
the recipe vmmosstandardwould be used instead of the recipeanmosobsstarésee Section 6.20, page 153).
The final SOF would look like the following:

File: standard.sof

VI MOS. 2004- 09- 27T03: 12: 12. 006. fits MOS_STANDARD
master_bias.fits MASTER _BI AS
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extract _table std.fits EXTRACT _TABLE

/[ home/vinos/cal/grs_LR red. 1.tfits CGRI SM_TABLE

[/ home/ vi nos/ cal /extinct _table.tfits EXTI NCT_TABLE

[/ honme/vi nos/ cal / gd108.tfits STD_FLUX TABLE

where the appropriate extraction table (different fromdhe associated to the scientific exposure) is specified,
together with the atmospheric extinction table and thedstedhstar spectral fluxes in erg crhs~ ! A—1,

This would be processed by:
esorex vmmosst andard st andard. sof

which would generate, among other products, the spectoteptetric tablepps_specphot _table.fits.
This table, that contains the instrument efficiency andarsp curves, should be added to thlej ect s. sof
set-of-frames, together with the atmospheric extinctaiig, as in the following:

File: objects.sof

VI MOS. 2004- 09- 27T02: 39: 11. 479.fits MOS_SCI ENCE
master_bias.fits MASTER BI AS
extract _table.fits EXTRACT _TABLE

/[ home/vinos/cal/grs_LR red. 1.tfits CGRI SM_TABLE

[/ home/ vi nos/ cal /extinct _table.tfits EXTI NCT_TABLE
nos_specphot _table.fits MOS_SPECPHOT_TABLE

and processed by:
esorex vnmosobsstare --Cali brateFl ux=true objects. sof

This run would then generate, in addition to the usual prtglotthis recipe, also the file containing the extracted
and flux calibrated spectrayps_sci ence_fl ux_reduced. fits.
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4.6 Example of IFU data reduction

A simple, typical IFU data reduction procedure is describede® It is assumed that the following data are
available:

One scientific exposure:

VI MOS. 2004- 04- 27T04: 15: 24. 227.fits I FU_SClI ENCE
One standard star exposure:

VI MOS. 2004- 04- 27T05: 05: 11.542. fits | FU_STANDARD

Five bias exposures:

VI MOS. 2004- 04- 27T08: 00: 27. 821.fits Bl AS
VI MOS. 2004- 04- 27T08: 01: 05. 604. fits Bl AS
VI MOS. 2004- 04-27T08: 01: 44.091. fits Bl AS
VI MOS. 2004- 04- 27T08: 02: 22. 070.fits Bl AS
VI MOS. 2004- 04-27T08: 03: 01. 042. fits Bl AS

Three flat field exposures:

VI MOS. 2004- 04-27T04: 38: 44.038.fits | FU_SCREEN_FLAT
VI MOS. 2004- 04- 27T04: 40: 32. 250. fits | FU_SCREEN_FLAT
VI MOS. 2004- 04- 27T04: 42: 20. 470.fits | FU_SCREEN_FLAT

One arc lamp exposure:
VI MOS. 2004- 04- 27T04: 44: 14.842.fits | FU_ARC SPECTRUM

All the listed data are meant to belong to the same VIMOS aarddwith the same grism and filter in use.

In the following, it is also assumed for simplicity that thaglsuppr ess- prefi x is set to TRUE in the
EsoRexconfiguration file, so that the product file names will just teritical to their product categories, with
the extension. fi t s. Moreover, it is assumed that all the handled files (inputs@oducts) are located in the
current directory. The only exception is represented bystia@dard calibration tableg.f, line catalogues),
that here are assumed to be located undeme/ vi nos/ cal .

The procedure is as follows:
First, a master bias is created with the recipmbias exactly as described in Section 4.3, page 30.
The productmast er _bi as. fi t sis used in the reduction of the flat field, arc lamp, and sdiergxposures.

The flat field and the arc lamp exposures are processed tardeeethe extraction mask, the wavelength calibra-
tion, and the fiber-to-fiber relative transmission cormactiThe input set-of-frames may be defined as follows:

8The procedure usingsasganginstead of EsoRex, is conceptually identical.
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File: calib.sof

VI MOS. 2004- 04- 27T04: 38: 44.038.fits | FU_SCREEN_FLAT
VI MOS. 2004- 04- 27T04: 40: 32. 250. fits | FU_SCREEN_FLAT
VI MOS. 2004- 04- 27T04: 42: 20. 470.fits | FU_SCREEN_FLAT
VI MOS. 2004- 04- 27T04: 44: 14.842.fits | FU_ARC_SPECTRUM
master _bias.fits MASTER BI AS
/home/vinos/cal/lcat_HR red.tfits LI NE_CATALOG

/[ home/vinos/cal/ifu_ident_HR red.1.fits | FU_| DENT

This will be processed with:
esorex vm fucalib calib. sof

For data quality control, the following products will be ated: an image of the extracted and wavelength
calibrated arc lamp spectraj fu_arc_spectrum extracted. fits; an image of the extracted and
wavelength calibrated flat field spectra,f u_fl at _spectrum extracted.fits; and an image ob-
tained by the combination of all the raw input flat field expes, | fu_mast er _screen_flat.fits.

For the purpose of reducing the scientific data, also theviatg files are created: the extraction mask,
ifu trace.fits; the wavelength calibrationj fu_i ds. fits; and the relative transmission factors,

ifu transmission.fits.

These files are included in the set-of-frames prepared &ostientific data reduction process:

File: ifuscience.sof

VI MOS. 2004- 04- 27T04: 15: 24. 227. fits | FU_SCI ENCE

master_bias.fits MASTER BI AS
ifu.ids.fits | FU_I DS

ifu trace.fits | FU_TRACE

ifu transmssion.fits | FU_TRANSM SSI ON

This will be processed with:
esorex vm fusci ence i fusci ence. sof

The following files will be created: an image containing thx&&cted, transmission corrected, and wavelength
calibrated scientific spectra,f u_sci ence_r educed. fi t s, and animage of the reconstructed IFU field-
of-view, i fu_fov.fits.

If, as in this case, an IFU exposure of a standard star isadolaijlit can be reduced using the recipaifustan-
dard:
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File: ifustandard.sof

VI MOS. 2004- 04- 27T05: 05: 11. 542. fits

master_bias.fits

ifu ids.fits

ifu trace.fits

ifu transmssion.fits

/[ honme/vinos/cal /extinct_table.tfits
/home/vinos/cal /1tt4816.tfits

This will be processed with:

esorex vm fustandard i fustandard. sof

| FU_STANDARD
MASTER Bl AS

| FU_I DS

| FU_TRACE

| FU_TRANSM SSI ON
EXTI NCT_TABLE
STD_FLUX_TABLE

This will generate, among other products, the spectroghetric table,i f u_specphot table.fits.
This table, that contains the instrument efficiency andarse curves, should be added to tHeusci ence. sof
set-of-frames, together with the atmospheric extinctedid, as in the following:

File: ifuscience.sof

VI MOS. 2004- 04- 27T04: 15: 24. 227.fits

master_bias.fits
ifu_ids.fits

ifu trace.fits

ifu transmssion.fits

/[ home/vinos/cal /extinct_table. tfits

i fu_specphot _table.fits

and processed by:

| FU_SClI ENCE
MASTER Bl AS

| FU_I DS

| FU_TRACE

| FU_TRANSM SSI ON
EXTI NCT_TABLE

| FU_SPECPHOT _TABLE

esorex vm fusci ence --Cali brateFlux=true ifuscience. sof

This run would then generate, in addition to the usual prtglotthis recipe, also the file containing the extracted
and flux calibrated IFU spectrd,f u_sci ence_f | ux_reduced. fits.
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4.7 Known problems

The following is a list of currently-known issues with VIMQ#8cipes, and workarounds, if available:

The spatial curvature model may not be determined accurately from MOS flat field exposbresecipes
vmspflaf vmspcaldispand vmmaoscalib if the slit spectra display any spatial overlap, or if spaict
multiplexing is present: the confusion introduced at thgesdof the slit spectra may strongly bias the
tracing task. A safe and complete solution to this problenmisyet available.

The spectral fringing correction performed by recipermmossciencéwolves only a sky fringing subtraction,
and therefore is of limited help in the case of bright objesctra.

The atmospheric extinction table made available in the static calibration directories (sakld 6.20.2, page
153), is based on data obtained at La Silla. This table maypkced with another having the same
structure: the wavelengths at which the atmospheric eiimgs given can be chosen freely, since all the
scientific data reduction recipesnjifustandard, vmifuscience, vmmosscieaod vmsphol interpolate
the available values as necessary.

The IFU fiber identification performed by recipevmifucalib appears to be negatively affected by changes in
temperature. If in the recipe products more than about 50dfiappear to be "lost" in one pseudo-slit, it
may help to rerun the recipe using the "blind" fiber identifima method: this method is always triggered
if no fiber identification table is specified in the input séframes.

Zeropoint and color term determination are not reliably determined by the recipenimstandardf they are
requested simultaneously.

The filter/grism combination OS_red/MR is not supported by the IFU data reduction recipes.
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5 VIMOS data

VIMOS data can be separated imga frames angbroductframes. Raw frames are the unprocessed output of the
VIMOS instrument observations, while product frames atkegithe result of the VIMOS pipeline processing
(as reduced frames, master calibration frames, etc.),ecoatisourced (as standard stars catalogs, lists of grism
characteristics, etc.).

Any raw or product frame can be classified on the basis of a s&eywords read from its header. Data
classification is based on FITS keyword values. In the casawfframes, classification can be defined by
looking at three keyword values: DPR TYPE, DPR CATG, and DFEH. In the case of data products, the
classification of the frame is stored into the hierarchieghiord PRO CATG.

The association of a raw frame with calibration datg ( of a science frame with a master bias frame) can be
obtained by matching the values of a different set of FIT Snags.

Each kind of raw frame is typically associated to a single @Slpipeline recipg,e., the recipe assigned to the
reduction of that specific frame type. In the pipeline envinent this recipe would be launched automatically.
In some cases two recipes are assigned, one meant for theticedaf a single frame of that type, and the other
for the reduction of astack of frames of the same type, as happens in the case of jitterexdce observations.

A product frame may be input to more than one VIMOS pipelingpe, but it may be created by just one
pipeline recipe (with the same exceptions mentioned abdwethe automatic pipeline environment a product
data frame alone wouldn't trigger the launch of any recipe.

In the following all raw and product VIMOS data frames aredds together with the keywords used for their
classification and correct association. The indicid&dcategoryis a label assigned to any data type after it has
been classified, which is then used to identify the framésdim theset-of-framegsee Section 4.2.2, page 27).

5.1 Raw frames

Raw frames can be distinguishedganeralframes direct imagingframes MOSframes andFU frames. Their
intended use is implicitly defined by the assigned recipe.

5.1.1 General frames

These are data that are in principle independent of theuim&nt mode (direct imaging, MOS, or IFU), as is
the case for bias and dark exposures. The keywB&D | NS MODE is set accordingly to 'IMG’ for direct
imaging frames, and to '"MOS'’ for any calibration associatedpectroscopy (either MOS or IFU), to indicate
the intended use for the data.
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e Bias:

DO category:Bl AS
Processed by i as

Classification keywords:

DPR CATG =
DPR TYPE
DPR TECH

e Dark current:

CALI B
Bl AS
I MAGE

DO category:DARK
Processed by ndar k

Classification keywords:

DPR CATG =
DPR TYPE
DPR TECH

CALI B
DARK
I MAGE

Association keywords:

| NS MODE
OCS CON QUAD
DET CHI P1 I D
DET W N1 NY
DET W N1 BI NX
DET W N1 BI NY
DET READ MODE
DET READ SPEED
DET READ CLOCK

Association keywords:

| NS MODE
OCS CON QUAD
DET CHI P1 I D
DET W N1 NY
DET W N1 BI NX
DET W N1 BI NY
DET READ MODE
DET READ SPEED
DET READ CLOCK

e Screen flat field for gain determination and bad pixels detedbn:

DO category:DETECTOR_PROPERTI ES

Processed by ndet

Classification keywords:

DPR CATG
DPR TYPE
DPR TECH =

TPL ID = VIMOS_ing_tec_DetLin
orVI MOS_nos_tec_DetlLin

CALI B
FLAT, LAMP
I MAGE or MOS

Association keywords:

I NS MODE
OCS CON QUAD
DET CH P1 | D
DET W NL NY

DET W NL BI NX
DET W NL BI NY
DET READ MODE

Note:
Instrument mode
Quadrant used
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:
Instrument mode
Quadrant used
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:
Instrument mode
Quadrant used
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method



5.1.2 Direct imaging frames

The direct imaging mode is used to record signal withoutgisimy grism.

e Exposure of calibration mask:

DO category:MASK_TO _CCD
Processed bywmmuaskt occd

Classification keywords:

DPR CATG
DPR TYPE
DPR TECH

TPL ID = VIMOS_ ing_tec_MaskToCcd

e Preimaging for MOS mask preparation:

DO category:l MG_PREI MAG NG
Processed by ni npr ei magi ng

CALI B
OTHER, LAVP
I MAGE

Classification keywords:

DPR CATG
DPR TYPE
DPR TECH

SCI ENCE
OBJECT
I MAGE, PRE

Association keywords:

I NS
ocs
I NS
I NS
DET
DET
DET
DET
DET
DET
DET

Association keywords:

I NS
oCs
I NS
DET
DET
DET
DET
DET
DET
DET

MODE

CON QUAD
ADF | D
FILT[1-4] 1D
CHIPL ID
WNL NY

W N1 BI NX
W NL BI NY
READ MODE
READ SPEED
READ CLOCK

MODE

CON QUAD
FILT[1-4] 1D
CHIPL ID
WNL NY

W NL BI NX
WNL BI NY
READ MODE
READ SPEED
READ CLOCK
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DET READ SPEED Readout speed
DET READ CLOCK Readout clock pattern

Note:
Instrument mode
Quadrant used
ADF file ID
Filter ID on each beam
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:
Instrument mode
Quadrant used
Filter ID on each beam
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern
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e Twilight flat field:

DO category:!l MG _SKY_FLAT
Processed by mi nf | at sky

Classification keywords:

DPR CATG =
DPR TYPE
DPR TECH

e Screen flat field:

DO category:!l MG_SCREEN_FLAT
Processed by i nf | at screen

CALI B
FLAT, SKY
I MAGE

Classification keywords:

DPR CATG =
DPR TYPE
DPR TECH

TPL ID = VIMOS i ng_cal _ScreenFl at

CALI B
FLAT, LAMP
I MAGE

e Standard stars field:

DO category:!l MG_STANDARD
Processed bywm nst andar d

Classification keywords:

DPR CATG =
DPR TYPE
DPR TECH

CALI B
STD
I MAGE

Association keywords:

I NS MODE

OCS CON QUAD
INS FILT[1-4] ID
DET CHI P1 I D

DET W N1 NY

DET W N1 BI NX
DET W N1 BI NY
DET READ MODE
DET READ SPEED
DET READ CLOCK

Association keywords:

I NS MODE

OCS CON QUAD
INS FILT[1-4] ID
INS LAMP[1-5] ID

Note:
Instrument mode
Quadrant used
Filter ID on each beam
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:
Instrument mode
Quadrant used
Filter ID on each beam
Calib. lamps ID

I NS LAMP[ 1- 5] STATE Lamp state

DET CHIP1 ID
DET W N1 NY
DET W N1 BI NX
DET W N1 BI NY
DET READ MODE
DET READ SPEED
DET READ CLOCK

Association keywords:
I NS MODE
OCS CON QUAD
INS FILT[1-4] ID

Chip identification

No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:
Instrument mode
Quadrant used
Filter [1-4] on each beam



Doc: VLT-MAN-ESO-19500-3355
ESO VIMOS Pipeline User Manual | /Ssue: Issue 6.2
Date: Date 2011-03-03
Page: 49 of 250
DET CHIP1 ID Chip identification
DET W N1 NY No of pixelsiny
DET W N1 BI NX Binning along X
DET W N1 BI NY Binning along Y
DET READ MODE Readout method
DET READ SPEED Readout speed
DET READ CLOCK Readout clock pattern

e Astrometric stars field:

DO category:!l MG_ASTROVETRY

Processed bywnskyccd

Classification keywords:

DPR CATG =
DPR TYPE
DPR TECH

CALI B
ASTROVETRY
I MAGE

e Scientific observation:

DO category:l MG_SCI ENCE
Processed by nobsstare, vm nobsjitter

Classification keywords:

DPR CATG
DPR TYPE
DPR TECH

SClI ENCE
OBJECT

I MAGE

Association keywords:

I NS
ocs
BS
I NS
DET
DET
DET
DET
DET
DET
DET

Association keywords:

I NS
OCSs
I NS
DET
DET
DET
DET
DET
DET
DET

MODE

CON QUAD
TARG NAME
FILT[1-4] 1D
CH PL ID
WNL NY

W NL BI NX
W NL BI NY
READ MODE
READ SPEED
READ CLOCK

MODE

CON QUAD
FILT[1-4] 1D
CHIPL ID
WNL NY

W N1 BI NX

W NL BI NY
READ MODE
READ SPEED
READ CLOCK

Note:
Instrument mode
Quadrant used
Astrometric field used
Filter ID on each beam
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:
Instrument mode
Quadrant used
Filter ID on each beam
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern
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5.1.3 MOS frames

The Multi-Object Spectroscopy mode is used to obtain siam@lous spectra from several objects in the field-

of-view.

e Screen flat field:

DO category:MOS_SCREEN_FLAT
Processed by nspf | at

Classification keywords:

DPR CATG = CALI B I NS
DPR TYPE = FLAT, LAVP oCs
DPR TECH = MOS I NS

TPL ID = VIMOS nps_cal _ScreenFl at | NS

orVIMOS nos_tec_Startr

I NS
I NS
I NS
I NS
DET
DET
DET
DET
DET
DET
DET

e Arc lamp spectra:

DO category:MOS_ARC_SPECTRUM
Processed bywnspcal di sp

Classification keywords:
DPR CATG = CALIB

DPR TYPE
DPR TECH

I NS
ocs
I NS
I NS
I NS
I NS
I NS
I NS
DET
DET
DET
DET

WAVE, LAMP
MOS

Association keywords:

Note:

MODE Instrument mode

CON QUAD Quadrant used

FI LT[ 1- 4] NAME Filter name on each beam
GRIS[1-4] ID Grism ID on each beam
MASK[ 1-4] ID Mask ID on each beam
MSHU[ 1- 4] MODE Mask shutter mode
LAMP[ 1-5] ID Calib. lamps ID

LAMP[ 1- 5] STATE Lamp state

CHP1L ID Chip identification

W N1 NY No of pixelsiny

W N1 BI NX Binning along X

W N1 BI NY Binning along Y

READ MODE Readout method

READ SPEED Readout speed

READ CLOCK Readout clock pattern

MODE
CON QUAD
FI LT[ 1- 4]
GRI S 1- 4]
MASK[ 1- 4]
MBHU[ 1- 4]
LAVP[ 1- 5]
LAVP[ 1- 5]
CHIPL ID
WNL NY

W N1 BI NX
W NL BI NY

Association keywords:

NAME
ID
I D
MODE
I D

Note:
Instrument mode
Quadrant used
Filter name on each beam
Grism ID on each beam
Mask ID on each beam
Mask shutter mode
Calib. lamps ID

STATE Lamp state

Chip identification
No of pixelsiny
Binning along X
Binning along Y
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DET READ MODE Readout method
DET READ SPEED Readout speed
DET READ CLOCK Readout clock pattern

e Standard star spectrum:

DO category:MOS_STANDARD
Processed bywmosst andar d

Classification keywords:
DPR CATG = CALIB
DPR TYPE = STD
DPR TECH = MOS

e Scientific observation:
DO category:MOS_SCI ENCE

Processed bywmmbsobsst are, vmmosobsjitter

Classification keywords:

DPR CATG = SCI ENCE
DPR TYPE = OBJECT
DPR TECH = MOS

Association keywords:

I NS
ocs
I NS
I NS
I NS
I NS
DET
DET
DET
DET
DET
DET
DET

MODE

CON QUAD

FILT[ 1- 4] NAME
GRIS[1-4] ID
MASK[ 1- 4] | D
MSHU[ 1- 4] MODE
CH P1 ID

W NL NY

W NL Bl NX

W NL Bl NY

READ MODE

READ SPEED
READ CLOCK

Association keywords:

I NS
oCs
I NS
I NS
I NS
I NS
DET
DET
DET
DET
DET
DET
DET

MODE

CON QUAD

FILT[ 1- 4] NAME
GRIS[1-4] ID
MASK[ 1- 4] 1D
MBHU[ 1- 4] MODE
CHIPL ID

WNL NY

W NL BI NX
WNL BI NY
READ MODE

READ SPEED
READ CLOCK

Note:
Instrument mode
Quadrant used
Filter name on each beam
Grism ID on each beam
Mask ID on each beam
Mask shutter mode
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:
Instrument mode
Quadrant used
Filter name on each beam
Grism ID on each beam
Mask ID on each beam
Mask shutter mode
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern
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5.1.4 IFU frames

The IFU mode is used to get in a spatially continuous way genelous spectra from a selected sky region.

e Screen flat field:

DO category:l FU_SCREEN FLAT
Processed bywm fucal i b

Classification keywords:
DPR CATG = CALIB

DPR TYPE = FLAT, LAMP
DPR TECH = | FU

Association keywords:
I NS MODE
OCS CON QUAD
INS FILT[1-4] NAME

Note:
Instrument mode
Quadrant used
Filter name on each beam

INS GRIS[1-4] ID Grism ID on each beam
INS LAMP[1-5] ID Calib. lamps ID
I NS LAMP[ 1- 5] STATE Lamp state

e Arc lamp spectra:

DO category:l FU_ARC_SPECTRUM
Processed by i fucal i b

Classification keywords:
DPR CATG = CALIB

DPR TYPE = WAVE, LAMP
DPR TECH = | FU

I NS | FUE MAG

I NS | FUS MODE
DET CHP1 ID
DET W N1 NY
DET W N1 Bl NX
DET W N1 BI NY
DET READ MODE
DET READ SPEED
DET READ CLOCK

Association keywords:
I NS MODE
OCS CON QUAD
INS FILT[1-4] NAME
INS GRIS[1-4] ID
INS LAMP[1-5] ID

IFU magnification

IFU shutter mode
Chip identification

No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:
Instrument mode
Quadrant used
Filter name on each beam
Grism ID on each beam
Calib. lamps ID

I NS LAMP[ 1- 5] STATE Lamp state

I NS | FUE MAG
I NS | FUS MODE
DET CHP1 ID
DET W N1 NY

DET W N1 Bl NX
DET W N1 BI NY
DET READ MODE

IFU magnification
IFU shutter mode
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
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e Standard star spectra:

DO category:l FU_STANDARD
Processed bywm f ust andar d

Classification keywords:
DPR CATG = CALI B
DPR TYPE = STD
DPR TECH = | FU

e Scientific observation:

DO category:l FU_SCI ENCE
Processed by ni f usci ence

Classification keywords:

DPR CATG = SCI ENCE
DPR TYPE = OBJECT
DPR TECH = | FU

DET READ SPEED

DET

Association keywords:

I NS
oCs
I NS
I NS
I NS
I NS
DET
DET
DET
DET
DET
DET
DET

Association keywords:

I NS
oCs
I NS
I NS
I NS
I NS
DET
DET
DET
DET
DET
DET
DET

READ CLOCK

MODE
CON QUAD

FILT[ 1- 4] NAME
I D

GRI [ 1- 4]

| FUE MAG

| FUS MODE
CH P1 I D
W NL NY

W NL Bl NX
W NL Bl NY
READ MODE
READ SPEED
READ CLOCK

MODE
CON QUAD

FILT[ 1- 4] NAME
GRIS[1-4] ID

| FUE MAG

| FUS MODE
CHP1L ID
W N1 NY

W N1 Bl NX
W N1 BI NY
READ MODE
READ SPEED
READ CLOCK

Readout speed
Readout clock pattern

Note:
Instrument mode
Quadrant used
Filter name on each beam
Grism ID on each beam
IFU magnification
IFU shutter mode
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:
Instrument mode
Quadrant used
Filter name on each beam
Grism ID on each beam
IFU magnification
IFU shutter mode
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern
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5.2 Product frames

As with raw frames, product frames can be distinguishegeimeralframes direct imagingframes MOSframes,
andIFU frames. These frames are classified ®asgang7] according to their own DO category (keyword
PRO CATG), assigned to them at creation time. For this reason noifitzdgon keyword is listed in this section.
The name of the recipe (or recipes) used to create a givenupriglgiven here.

Note that, after the definition of the new MOS recipesmoscalitandvmmossciengeseveral products are no
longer in production. Those products are here indicatecepsegated as the recipes that created them.

5.2.1 General frames

o Master bias:

DO category:MASTER_BI AS
Created byvnhi as

Association keywords: Note:

OCS CON QUAD Quadrant used

DET CHIP1 ID Chip identification
DET W N1 NY No of pixelsiny

DET W N1 BI NX Binning along X

DET W N1 BI NY Binning along Y

DET READ MODE Readout method
DET READ SPEED Readout speed

DET READ CLOCK Readout clock pattern

e Master dark:

DO category:MASTER DARK
Created byvndar k

Association keywords: Note:

OCS CON QUAD Quadrant used

DET CHIP1 ID Chip identification
DET W N1 NY No of pixelsiny

DET W N1 BI NX Binning along X

DET W N1 BI NY Binning along Y

DET READ MODE Readout method
DET READ SPEED Readout speed

DET READ CLOCK Readout clock pattern

e List of bad pixels positions:

DO category:CCD_TABLE
Created byvndet
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Association keywords:

ocs
DET
DET
DET
DET
DET
DET
DET

CON QUAD
CH P1 ID
WNL NY

W NL Bl NX
W NL Bl NY
READ MODE
READ SPEED
READ CLOCK

5.2.2 Direct imaging frames

e Master sky flat field:
DO category:!l MG_MASTER_SKY_FLAT

Created byvni nf | at sky

Association keywords:

oCs
I NS
DET
DET
DET
DET
DET
DET
DET

CON QUAD
FILT[1-4] 1D
CHIPL ID
WNL NY

W NL BI NX
WNL BI NY
READ MODE
READ SPEED
READ CLOCK

e Master screen flat field:
DO category:!l MG MASTER_SCREEN_FLAT

Created byvni nf | at screen

Association keywords:

OCSs
I NS
DET
DET
DET
DET
DET
DET
DET

CON QUAD
FILT[1-4] 1D
CHIPL ID
WNL NY

W NL BI NX
WNL BI NY
READ MODE
READ SPEED
READ CLOCK

Note:
Instrument quadrant
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:
Quadrant used
Filter ID for beam 1 to 4
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:
Quadrant used
Filter ID for beam 1 to 4
Chip identification
No of pixelsiny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern
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e Combined screen flat field:

DO category:l MG_COVBI NED_SCREEN_FLAT
Created byvni nf | at screen

No association rules are defined for a combined screen fldt fldlis dataset is not used by any pipeline
recipe, and is only created for data quality control purgose

o Reduced scientific observation:

DO category:l MG_SCI ENCE_REDUCED
Created byvm npr ei magi ng, vm nobsstare, vm nobsjitter

Association keywords: Note:

OCS CON QUAD Quadrant used

INS FILT[1-4] ID Filter ID for beam 1to 4
DET CHIP1 ID Chip identification

DET W N1 NY No of pixelsiny

DET W N1 BI NX Binning along X

DET W N1 BI NY Binning along Y

e Reduced standard stars field:

DO category:l MG_STANDARD_REDUCED
Created byvnmi nst andar d

Association keywords: Note:

OCS CON QUAD Quadrant used

INS FILT[1-4] ID Filter ID for beam 1to 4
DET CHIP1 ID Chip identification

DET W N1 NY No of pixelsiny

DET W N1 BI NX Binning along X

DET W N1 BI NY Binning along Y

e Sky + sky fringes map:

DO category:!l MG _FRI NGES
Created byvm nmobsjitter

Association keywords:
OCS CON QUAD

INS FILT[1-4] ID
DET CH P1 ID

DET W N1 NY

DET W N1 BI NX
DET W N1 BI NY

Note:
Quadrant used
Filter ID for beam 1to 4
Chip identification
No of pixelsiny
Binning along X
Binning along Y
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e List of detected sources:

DO category:l MG GALAXY_TABLE
Created byvni nobsstare, vm nobsjitter, vni nstandard

Association keywords: Note:
OCS CON QUAD Quadrant used
INS FILT[1-4] ID Filter ID for beam 1to 4

e List of identified stars:

DO category:!l MG_STAR_MATCH _TABLE
Created byvni nst andar d

Association keywords: Note:
OCS CON QUAD Quadrant used
INS FILT[1-4] ID Filter ID for beam 1to 4

e Astrometric catalog:

DO category:ASTROVETRI C_TABLE
Created byexternal

Association keywords: Note:
OBS TARG NAME Astrometric field name

e Coefficients for photometric calibration:

DO category:PHOTOMVETRI C_TABLE
Created byvm ntal phot

Association keywords: Note:
OCS CON QUAD Quadrant used
INS FILT[1-4] ID Filter ID for beam 1to 4

e Photometric catalog:

DO category:PHOTOVETRI C_CATALOG
Created byexternal

No association keyword required
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5.2.3 MOS frames

e Master screen flat field:

DO category:MOS MASTER SCREEN FLAT
Created byvnmoscal i b

Association keywords:

oCs
I NS
I NS
I NS
I NS
DET
DET
DET
DET
DET

CON QUAD

FILT[ 1- 4] NAME
GRIS[1-4] ID
MASK[ 1- 4] | D

MBHU[ 1- 4] MODE
NANVE

CHIPL ID

WNL NY

W NL BI NX
WNL BI NY

e Combined screen flat field:

DO category:MOS_COVBI NED_SCREEN_FLAT
Created byvnmoscal i b

Association keywords:

oCs
I NS
I NS
I NS
I NS
DET
DET
DET
DET
DET

e Calibration lamp lines catalog:
DO category.Ll NE_CATALOG

CON QUAD
FILT[ 1-4] NAME
GRIS[1-4] ID
MASK[ 1- 4] 1D
MBHU[ 1- 4] MODE
NANVE

CHIPL ID

WNL NY

W NL BI NX

W NL BI NY

Created byexternal

Association keywords:

ocs
I NS

CON QUAD
GRIS[1-4] ID

Note:
Quadrant used

Filter name for beam 1 to 4

Grism ID on each
Mask ID for beam

beam
1to4

Mask shutter mode for beam 1 to 4

Name of detector
Chip identification
No of pixelsiny
Binning along X
Binning along Y

Note:
Quadrant used

Filter name for beam 1 to 4

Grism ID on each
Mask ID for beam

beam
l1to4

Mask shutter mode for beam 1 to 4

Name of detector
Chip identification
No of pixelsiny
Binning along X
Binning along Y

Note:
Quadrant used

Grism ID for beam 1 to 4
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e Position of detected objects on extracted slit spectra:

DO categoryW NDOW TABLE — deprecated
Created byvnmosobsst are, vmmosobsjitter

No association rules are defined for a window table, becduseataset is not used by any pipeline recipe.

Identification of extracted spectra:

DO category:OBJECT _TABLE - deprecated
Created byvnmpsobsst are, vmmosobsjitter

No association rules are defined for an object table, bedhissdataset is not used by any pipeline recipe.

DO category:OBJECT_SCI _ TABLE
Created byvnmossci ence

No association rules are defined for an object table, bedhissdataset is not used by any pipeline recipe.

Grism dependent parameters:

DO category:GRI SM_TABLE —deprecated
Created byexternal

Association keywords: Note:

OCS CON QUAD Instrument quadrant

INS FILT[1-4] NAME Filter name for beam 1to 4
INS GRIS[1-4] ID Grism ID for beam 1to 4

Grism dependent configuration parameters:

DO category:CONFI G_TABLE
Created byexternal

Association keywords: Note:

OCS CON QUAD Instrument quadrant

INS FILT[1-4] NAME Filter name for beam 1to 4
INS GRIS[1-4] ID Grism ID for beam 1to 4

Spectral extraction parameters:

DO category:EXTRACT _TABLE-deprecated
Created byvnspcal di sp

No association rules are defined for an extraction tables daiaset is not used within the on-line pipeline
process. The user should ensure that the correct extratie is specified when calling the recipes
vmspcaldisp vmmosobsstarand vmmaosobsjitter

DO category:MOS CURV_TRACES
Created byvnmoscal i b
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No association rules are defined for a table of spatial curedatraces, because this dataset is not used by
any pipeline recipe.

DO category:MOS_CURV_COEFF

Created byvnmosscal i b

No association rules are defined for a spatial curvaturestabhis dataset is not used within the on-line

pipeline process. The user should ensure that the correcataue table is specified when calling the
recipe vmmaosscience

DO category:MOS_DI SP_COEFF
Created byvnmosscal i b

No association rules are defined for a dispersion solutibletaThis dataset is not used within the on-
line pipeline process. The user should ensure that theatatrepersion solution table is specified when
calling the recipevmmosscience

DO category:MOS_SLI T_LOCATI ON
Created byvnmosscal i b

No association rules are defined for a slit location tabléas @fiataset is not used within the on-line pipeline
process. The user should ensure that the correct dispessiation table is specified when calling the
recipe vmmaosscience

DO category:MOS_WAVELENGTH_MAP
Created byvnmoscal i b

No association rules are defined for a wavelength map, bedhisdataset is not used by any pipeline
recipe.

DO category:G_OBAL_DI STORTI ON_TABLE
Created byvnmoscal i b

Association keywords: Note:
OCS CON QUAD Instrument quadrant
INS GRIS[1-4] ID Grism ID for beam 1to 4

e Extracted spectra:

DO category:MOS_SCI ENCE _REDUCED
Created byvnmossci ence

Association keywords: Note:

OCS CON QUAD Quadrant used

INS FILT[1-4] NAME Filter name for beam 1to 4

INS GRIS[1-4] ID Grism ID on each beam

INS MASK[ 1-4] ID Mask ID for beam 1to 4

INS MSHU[ 1- 4] MODE Mask shutter mode for beam 1to 4
DET CHIP1 ID Chip identification

DET W N1 NY No of pixelsiny

DET W N1 BI NX Binning along X
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DET W N1 BI NY Binning along Y
e Extracted and flux calibrated spectra:
DO category:MOS_SCI ENCE_FLUX_ REDUCED
Created byvnmossci ence
Association keywords: Note:
OCS CON QUAD Quadrant used
INS FILT[1-4] NAME Filter name for beam 1to 4
INS GRIS[1-4] ID Grism ID on each beam
INS MASK[ 1-4] ID Mask ID for beam 1to 4
INS MSHU[ 1- 4] MODE Mask shutter mode for beam 1to 4
DET CHIP1 ID Chip identification
DET W N1 NY No of pixelsiny
DET W N1 BI NX Binning along X
DET W N1 BI NY Binning along Y
e Extracted sky spectra:
DO category:MOS_SKY_REDUCED
Created byvnmossci ence
Association keywords: Note:
OCS CON QUAD Quadrant used
INS FILT[1-4] NAME Filter name for beam 1to 4
INS GRIS[1-4] ID Grism ID on each beam
INS MASK[1-4] ID Mask ID for beam 1to 4
I NS MSHU[ 1- 4] MODE Mask shutter mode for beam 1to 4
DET CHIP1 ID Chip identification
DET W N1 NY No of pixels iny
DET W N1 BI NX Binning along X
DET W N1 BI NY Binning along Y

e Atmospheric extinction:

DO category:EXTI NCT_TABLE
Created byexternal

No association keyword required

e Sky + sky fringes map:

DO categoryMOS_FRI NGES_SKY — deprecated
Created byvnmosobsjitter
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Association keywords: Note:

OCS CON QUAD Quadrant used

INS FILT[1-4] NAME Filter name for beam 1to 4

INS GRIS[1-4] ID Grism ID on each beam

INS MASK[ 1-4] ID Mask ID for beam 1to 4

I NS MSHU[ 1- 4] MODE Mask shutter mode for beam 1to 4

DET CHIP1 ID Chip identification

DET W N1 NY No of pixelsiny

DET W N1 BI NX Binning along X

DET W N1 BI NY Binning along Y

e Sky fringes map:

DO category:MOS_FRI NGES — deprecated
Created byvnmosobsjitter

Association keywords: Note:

OCS CON QUAD Quadrant used

INS FILT[1-4] NAME Filter name for beam 1to 4

INS GRIS[1-4] ID Grism ID on each beam

INS MASK[ 1-4] ID Mask ID for beam 1to 4

INS MSHU[ 1- 4] MODE Mask shutter mode for beam 1to 4
DET CHIP1 ID Chip identification

DET W N1 NY No of pixelsiny

DET W N1 BI NX Binning along X

DET W N1 BI NY Binning along Y

DO category:MOS_SCI _FRI NGES
Created byvnmossci ence

No association rules are defined for a wavelength map, bedhisdataset is not used by any pipeline
recipe.
e Extracted standard star spectrum:

DO category:MOS _STANDARD REDUCED
Created byvnmossci ence

Association keywords: Note:

OCS CON QUAD Quadrant used

INS FILT[1-4] NAME Filter name for beam 1to 4

INS GRIS[1-4] ID Grism ID on each beam

INS MASK[ 1-4] ID Mask ID for beam 1to 4

INS MSHU[ 1- 4] MODE Mask shutter mode for beam 1to 4

DET CHIP1 ID Chip identification
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DET W N1 NY
DET W N1 BI NX
DET W N1 BI NY

No of pixelsiny
Binning along X
Binning along Y

e Spectro-photometric standard star fluxes:

DO category:STD_FLUX_TABLE
Created byexternal

Association keywords: Note:
OBS TARG NAME Standard star name

e Spectral response and instrument efficiency:

DO category:MOS_SPECPHOT _TABLE
Created byvmmosscience

Association keywords: Note:

OCS CON QUAD Quadrant used

INS FILT[ 1-4] NAME Filter name for beam 1to 4
INS GRIS[1-4] ID Grism ID on each beam
DET CHIP1 ID Chip identification

5.2.4 IFU frames

o Master screen flat field:

DO category:!l FU_MASTER_SCREEN_ FLAT
Created byvni fucal i b

Association keywords: Note:

OCS CON QUAD Quadrant used

INS | FUE MAG IFU magnification

I NS | FUS MODE IFU shutter mode

INS FILT[1-4] NAME Filter name for beam 1to 4
INS GRIS[1-4] ID Grism ID on each beam

DET NAME Name of detector
DET CHIP1 ID Chip identification
DET W N1 NY No of pixelsiny

DET W N1 BI NX
DET W N1 BI NY

Binning along X
Binning along Y
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e Spectral response and instrument efficiency:
DO category:!l FU_SPECPHOT TABLE

Created byvmifustandard

Association keywords:
OCS CON QUAD

INS FILT[1-4] NAME
INS GRIS[1-4] ID
DET CH P1 ID

e Reconstructed field-of-view:

DO category!l FU_FOV

Note:
Quadrant used
Filter name for beam 1 to 4
Grism ID on each beam
Chip identification

Created byvni f usci ence, vm fustandard

Association keywords:
OCS CON QUAD

INS | FUE MAG

INS FILT[1-4] NAME
INS GRIS[1-4] ID
DET CH P1 ID

e Sky spectrum:

DO category:l FU_SCI ENCE_SKY
Created byvni f ust andar d

Association keywords:
OCS CON QUAD

INS | FUE MAG

INS FILT[1-4] NAME
INS GRIS[1-4] ID
DET CH P1 ID

e Standard star spectrum:

Note:
Quadrant used
IFU magnification
Filter name for beam 1 to 4
Grism ID on each beam
Chip identification

Note:
Quadrant used
IFU magnification
Filter name for beam 1 to 4
Grism ID on each beam
Chip identification

DO category:l FU_STANDARD EXTRACTED

Created byvni f ust andar d

Association keywords:
OCS CON QUAD

INS | FUE MAG

INS FILT[1-4] NAME
INS GRIS[1-4] ID
DET CH P1 ID

Note:
Quadrant used
IFU magnification
Filter name for beam 1 to 4
Grism ID on each beam
Chip identification
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e Reduced standard star fiber spectra:

DO category! FU_STANDARD REDUCED

Created byvni f ust andar d

Association keywords:
OCS CON QUAD

INS | FUE MAG

INS FILT[1-4] NAME
INS GRIS[1-4] ID
DET CH P1 ID

e Reduced science spectra:

Note:
Quadrant used
IFU magnification

Filter name for beam 1 to 4

Grism ID on each beam

Chip identification

DO category:l FU_SCI ENCE REDUCED

Created byvni f usci ence

Association keywords:
OCS CON QUAD

INS | FUE MAG

INS FILT[1-4] NAME
INS GRIS[1-4] ID
DET CH P1 ID

e |FU fiber identification file:

DO category:l FU | DENT
Created byexternal

Association keywords:
OCS CON QUAD
INS GRIS[1-4] ID

e |IFU wavelength calibration:

DO categoryl FU_| DS
Created byvni fucal i b

Association keywords:
OCS CON QUAD

INS FILT[1-4] NAME
INS GRIS[1-4] ID

Note:
Quadrant used
IFU magnification

Filter name for beam 1 to 4

Grism ID on each beam

Chip identification

Note:
Quadrant used

Grism ID on each beam

Note:
Quadrant used

Filter name for beam 1 to 4

Grism ID on each beam



Doc: VLT-MAN-ESO-19500-3355

ESO VIMOS Pipeline User Manual | /Ssue: Issue 6.2
Date: Date 2011-03-01
Page: 66 of 250
e |IFU extraction mask:
DO category!l FU_TRACE
Created byvmi fucal i b
Association keywords: Note:
OCS CON QUAD Quadrant used
INS FILT[1-4] NAME Filter name for beam 1to 4
INS GRIS[1-4] ID Grism ID on each beam

o |IFU relative transmission factors:

DO category:l FU_TRANSM SSI ON
Created byvni fucal i b

Association keywords: Note:
OCS CON QUAD Quadrant used
INS GRIS[1-4] ID Grism ID on each beam



Doc: VLT-MAN-ESO-19500-3355
ESO VIMOS Pipeline User Manual | /Ssue: Issue 6.2
Date: Date 2011-03-03
Page: 67 of 250

6 Pipeline recipes

In this section the usage of the VIMOS pipeline recipes isudlesd in detail.

6.1 vmdet

The VIMOS pipeline recipevmdetis used to estimate theead-out-noisd RON) and the gain of the CCD, and
to determine the positions of the bad pixels.

The input SOF should contain at least five pairs of flat fieldosxpes, all belonging to the same quadrant,
each pair corresponding to a different exposure time. Thefitds can be produced either in imaging or
in MOS mode. In MOS mode a HR grism is used, in order to illurtenidie CCD also beyond the central
region used in direct imaging mode, but no mask is insertetthattelescope focal plane. This type of ex-
posure cannot really be consideredspectral flat field, because the CCD is exposed to “white” lighe.(
without a wavelength dependency along the dispersion tiirgc The flat fields generated for the purpose
of determining the detector properties (produced by therieal templatesvl MOS i ng_t ec_Det Li n and

VI MOS_nps_t ec_Det Li n) are assigned the DO categoBETECTOR_PROPERTI ES, to distinguish them
from the more common M5_SCREEN_FLAT or MOS_SCREEN_FLAT that are used to produce master cal-
ibrations.

All the files that must be included in the input SOF are listethble 6.1.1.

DO category Type Explanation Required
DETECTOR_PROPERTIES Raw frame | Flat field exposurg Vv
MASTER_BIAS Calibration | Master bias vV

Table 6.1.11nput files for the vmdet recipe.

The products of thevmdet recipe are shown in Table 6.1.2. Only the primary produdt, ihd pixel table, is
copied (or moved) to the product directory. Other producesgenerated only on request (typically for debug
purposes) and are not assigned a DO category as they woultenated anywhere in further data processing
steps.

File name DO category | Type | Explanation
ccd_table.fits CCD_TABLE | FITS | Bad pixel table
bad_pixel_map.fitg FITS | Bad pixel image
error_image.fits FITS | Error image

Table 6.1.2:Products of the vmdet recipe.

The vmdet parameters are listed in Table 6.1.3.

A more complete description of the parameters meaning tsgil&n:

CreateBadPixelMap: If this parameter is set, a bad pixel image reflecting theerttrf the created bad pixel
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Parameter Possible values| Explanation
. Intolerant All pixels with anomalous response are bpd
DetectionMode . .
Tolerant Only non-linear pixels are bad
DetectionThreshold float (sigma) Tolerance on bad pixel detection
CreateBadPixelMaj true Create a bad plxel image
false Do not create it
CreateErrorimage true Create an error image
false Do not create it

Table 6.1.3vmdet parameters.

table is created. This may be useful for determining thenagitisettings for the parameteSetection-
Mode and DetectionThreshold viewing the frequency of “bad” pixels and their spatialtdisition.

CreateErrorlmage: If this parameter is set an error image is created. The emage contains the values of
the RMS of the residuals for each linear fitting done for baeiletection.

DetectionMode: Method used for detecting bad pixels. Possible settings are

Intolerant: A pixel is flagged as “bad” when the slope of the linear fit ofleanage median exposure
level versus the corresponding pixel values deviates floenldcal average of all slopes by more
than the threshold specified iDetectionThreshold

Tolerant: The same method as in thintolerant’ DetectionModeis applied, but before linear fitting
the measured pixel values are normalised so that the maxjpixehvalue is equal to the maximum
median exposure level.

DetectionThreshold: Number of standard deviations from the mean slope of the G&3panse, that are nec-
essary for classifying a pixel as “bad”.

A description of the algorithms used in this recipe is giversiction 8.11, page 184.

6.2 vmbias

The VIMOS pipeline recipevmbiasis used to create a master bias frame from a set of raw biagfaAll the
files that must be included in the input SOF are listed in Téliel.

DO category | Type Explanation Required
BIAS Raw frame | Bias exposure vV
CCD_TABLE | Calibration | Bad pixel table

Table 6.2.1:1Input files for the vmbias recipe.

A bad pixel table needs to be specified only if the cleaningaaf pixels is requested. In the calibration directo-
ries there is one CCD_TABLE file for each quadrant, nanedipi xel . ¢. t f i t s (Whereq is the quadrant
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number in the case of imaging data, and the quadrant numberaised by 4 in the case of spectral data). Care
should be taken in selecting the appropriate bad pixel sdoleimaging and spectral instrument modes.

The only product of thevmbias recipe is the master bias, as shown in Table 6.2.2.

File name DO category Type | Explanation
master_bias.fits MASTER_BIAS | FITS | Master bias

Table 6.2.2:Product of the vmbias recipe.

The vmbias parameters are described in Table 6.2.3.

Parameter Possible values| Explanation
AllowSingleFrames true A single input b_|as is qlso_allowe_d

false More than one input bias is required

Average Master bias is average of input biases

Median Master bias is median of input biases
StackMethod MinMax Master bias is obtained with min-max rejection

Ksigma Master bias is obtained with K-sigma clipping

Auto Optimal combination of input biases
MinRejection int No. of lowest rejected values for rejection methad
MaxRejection int No. of highest rejected values for rejection method
KSigmalLow float (sigma) Low threshold for K-sigma clipping method
KSigmaHigh float (sigma) High threshold for K-sigma clipping method

true Remove overscan regions from master bias
RemoveOverscan . . .

false Keep overscan regions in master bias
CleanBadPixel true Interpolat_e bad plxel_s on master bias

false No bad pixel correction

. true Remove cosmic ray events from each bias

CleanCosmic .

false No cosmic ray removal

true Compute QC parameters
ComputeQC false Do not compute QC parameters

Table 6.2.3vmbias parameters.

A more complete description of the parameters meaning dsgilen:

AllowSingleFrames: If this parameter is set, then a master bias is produced adso & single input bias. In
this case theStackMethodis ignored.

CleanBadPixel: Bad pixel correction on the master bias. If this option is&d on, a bad pixel table should be
specified in the input SOF (see Table 6.2.1). The bad pixeection algorithm is described in Section
8.1, page 177.

CleanCosmic: Cosmic ray events removal from each input bias. The cosmyiaagection algorithm is de-
scribed in Section 8.2, page 178.
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ComputeQC: If this parameter is set,Quality Control (QC) parameters will be computed and written to
the header of the output master bias and to an output QC PARditeed qc0000. paf. This file is
not classified as a pipeline recipe product, as it is an ireeiate dataset that in the standard pipeline
operations would be translated into new entries in the QGilegCurrently the QC parameters computed
by vmbias are:

QC BI AS MEAN: Mean value of the 1600x1800 central pixels of the first rave listed in the SOF.

QC BI AS MEDI AN: Median value of the 1600x1800 central pixels of the first ramsbBisted in the
SOF.

QC BI AS RMS: The population standard deviation of the 1600x1800 cepirals of the first input
bias.

QC RON: Population standard deviation of the 1600x1800 centradlpigf the difference between the
first and the second raw biases listed in the SOF, divided/Ry

QC BI AS FPN: The population standard deviation of the 1600x1800 cepiralls of the difference
between the first raw bias and the second raw bias shifted k§0lfixels, is computed. This
is the combination of fixed-pattern-noise and read-ous@dscaled by+/2). The read-out-noise
contribution QC RON) is then quadratically subtracted from the total noise.

QC BI AS STRUCT: The population standard deviation of the 1600x1800 cepixals of the first raw
bias QC Bl AS RMVB) is the combination of structure, fixed-pattern-noise, aatd-out-noise.
The read-out-noise QC RON) and the fixed-pattern-noiseQC Bl AS FPN) contributions are
guadratically subtracted from this value.

QC BI AS MASTER MEAN: Mean value of the 1600x1800 central pixels of the producttendsas.

QC BI AS MASTER MEDI AN: Median value of the 1600x1800 central pixels of the produaster
bias.

QC BI AS MASTER RMS: Population standard deviation of all the 1600x1800 ceptisad| values of
the product master bias.

QC BI AS MASTER NO SE: The expected noise is computed as the valu@of RON, divided by the
square root of the number of raw bias frames used in the amti&in of the master bias. Next, the
population standard deviation of the 1600x1800 centraIpialues of the master bias is determined,
excluding from the computation all values differing froBC Bl AS MASTER MEDI AN more than
three times the expected noise.

QC BI AS MASTER FPN: The population standard deviation of the difference betwtbe central
1600x1800 pixels of the master bias, and the region of theéenbis shifted 10x10 pixels from the
central one, is computed. This is the combination of fixetigpa-noise and white noise (scaled by
v/2). The white-noise contributionQC Bl AS MASTER NO SE) is then quadratically subtracted
from the total noise.

QC BI AS MASTER STRUCT: The population standard deviation of the 1600x1800 ceptrals of
the master bias is computed. This is the combination of stracfixed-pattern-noise, and white-
noise. The white-noise QC Bl AS MASTER NO SE) and the fixed-pattern-noiseQC Bl AS
MASTER FPN) contributions are then quadratically subtracted.

KSigmaHigh: Number of standard deviations above the median pixel valueejecting a pixel value when
StackMethodis set to “Ksigma”.
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KSigmaLow: Number of standard deviations below the median pixel vatweadjecting a pixel value when
StackMethodis set to “Ksigma”.

MaxRejection: Number of highest pixel values to be rejected wHatackMethodis set to “MinMax” .
MinRejection: Number of lowest pixel values to be rejected wh8tackMethodis set to “MinMax” .
RemoveOverscan: When this parameter is set, the overscan regions are renfimmadhe product master bias.

StackMethod: Combination method of input biases for master bias creatitee Section 8.6 for a complete
description of all the combination methods. Possible ragitare:

Auto: Given the number of input biases, an optimal bias combinatiethod is selected. Currently this
is always going to the methotAverage”.

Average: The master bias is the mean of the input frames.

Ksigma: The master bias is the mean of the input frames, after K-siggreening of pixel values. The
number of sigma to be applied in the rejection is specifiedheypgarametersKk SigmalLow and
KSigmaHigh

Median: The master bias is the median of the input frames.

MinMax: The master bias is the mean of the input frames, after rejeaf minimum and maximum
values. The number of values to reject is specified by thenpeters MinRejectionand MaxRejec-
tion.

A description of the algorithms used in this recipe is giversection 8.12, page 186.

6.3 vmdark

The VIMOS pipeline recipevmdark is used to create a master dark frame from a set of raw darkesanll
the files that must be included in the input SOF are listed biera.3.1.

DO category Type Explanation Required
DARK Raw frame | Dark exposure V
MASTER_BIAS | Calibration | Master bias Vv
CCD_TABLE Calibration | Bad pixel table

Table 6.3.11nput files for the vmdark recipe.

A bad pixel table needs to be specified only if the cleaningaaf pixels is requested. In the calibration directo-
ries there is one CCD_TABLE file for each quadrant, nanedipi xel . ¢. t f i t s (Whereq is the quadrant
number in the case of imaging data, and the quadrant numberaised by 4 in the case of spectral data). Care
should be taken in selecting the appropriate bad pixel s$dbleimaging and spectral instrument modes.

The only product of thevmdark recipe is the master dark, as shown in Table 6.3.2.
The vmdark parameters are listed in Table 6.3.3.

A more complete description of the parameters meaning dsgilen:
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File name DO category Type | Explanation
master_dark.fits MASTER_DARK | FITS | Master dark

Table 6.3.2:Product of the vmdark recipe.

Parameter Possible values| Explanation
. true A single input dark is also allowed

AllowSingleFrames false More than one input dark is required

Average Master dark is average of input darks

Median Master dark is median of input darks
StackMethod MinMax Master dark is obtained with min-max rejection

Ksigma Master dark is obtained with K-sigma clipping

Auto Optimal combination of input darks
MinRejection int No. of lowest rejected values for rejection methad
MaxRejection int No. of highest rejected values for rejection method
KSigmalLow float (sigma) Low threshold for K-sigma clipping method
KSigmaHigh float (sigma) High threshold for K-sigma clipping method

. Master Bias removal with no overscan correction

BiasMethod . . .

Zmaster Bias removal with overscan correction
CleanBadPixel true Interpolat_e bad pixel_s on master dark

false No bad pixel correction

. true Remove cosmic ray events from each dark

CleanCosmic .

false No cosmic ray removal
CosmicThreshold | float Sigmas above level discriminator
CosmicRatio float Peak/neighbours discriminator

true Compute QC parameters
ComputeQC false Do not compute QC parameters

Table 6.3.3vmdark parameters.

AllowSingleFrames: If this parameter is set, then a master dark is produced atsn & single input dark
frame. In that case th&tackMethodis ignored.

BiasMethod: Method for bias removal from the input dark frames. The b@amaval procedure is described in

some detail in Section 8.3. Possible settings are:

Master: After master bias subtraction, prescan and overscan regom trimmed away from the dark

frame.

Zmaster: After master bias subtraction the overscan correction #ieg before trimming away the

CleanBadPixel: Bad pixel correction on the master dark. If this option isyed on, a bad pixel table should
be specified in the input SOF (see Table 6.3.1). The bad pixedction algorithm is described in Section

overscan regions.

8.1, page 177.
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CleanCosmic: Cosmic ray events removal from each input dark. The cosmjiaegection algorithm is de-
scribed in Section 8.2, page 178.

ComputeQC: If this parameter is set,Quality Control (QC) parameters will be computed and written to
the header of the output master dark and to an output QC PARditeed qc0000. paf . This file is
not classified as a pipeline recipe product, as it is an ireeiate dataset that in the standard pipeline
operations would be translated into new entries in the QGilegCurrently the QC parameters computed
by vmdark are:

QC DARK MASTER MEAN: Mean value of the 1600x1800 central pixels of the producttenagark
(ADU/s).

QC DARK MASTER RMS: Population standard deviation of all 1600x1800 centratipialues of the
product master dark (ADU/s).

QC DARK MASTER MEDI AN: Median value of the 1600x1800 central pixels of the produatier
dark (ADU/s).

QC DARK CURRENT: Simple conversion ofQC DARK MASTER MEDI AN into e~ /pixel/hour.
QC DARK CURRENT RMS: Simple conversion ofQC DARK CURRENT RMS into e~ /pixel/hour.

CosmicRatio: Critical ratio for discriminating between objects and cismays. This parameter is effective
when CleanCosmicis set.

CosmicThreshold: Threshold for the selection of cosmic rays candidates. pharameter is effective when
CleanCosmicis set.

KSigmalLow: Number of standard deviations below the median pixel vatuadjecting a pixel value when
StackMethodis set to “Ksigma”.

KSigmaHigh: Number of standard deviations above the median pixel valueejecting a pixel value when
StackMethodis set to “Ksigma”.

MaxRejection: Number of highest pixel values to be rejected whHatackMethodis set to “MinMax” .
MinRejection: Number of lowest pixel values to be rejected wh8tackMethodis set to “MinMax” .

StackMethod: Combination method of input darks for master dark creatiSee Section 8.6 for a complete
description of all the combination methods. Possible ragitare:

Auto: Given the number of input darks, an optimal dark combinati@thod is selected. Currently this
is always going to the methotAverage”.

Average: The master dark is the mean of the input frames.

Ksigma: The master dark is the mean of the input frames, after K-sigeneening of pixel values. The
number of sigma to be applied in the rejection is specifiedheypgarametersk SigmalLow and
KSigmaHigh

Median: The master dark is the median of the input frames.

MinMax: The master dark is the mean of the input frames, after rejecif minimum and maximum
values. The number of values to reject is specified by thenpaters MinRejectionand MaxRejec-
tion.

A description of the algorithms used in this recipe is giversiction 8.13, page 187.
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6.4 vmimflatscreen

The VIMOS pipeline recipevmimflatscreenis used to create a master screen flat field from a set of rawrscre
flat fields. The master screen flat field is not used directhhaftat field correction of scientific data, but it is
optionally used just in the creation of a master sky flat fiskk(Section 6.5, page 77).

All the files that must be included in the input SOF are listethble 6.4.1.

DO category Type Explanation Required
IMG_SCREEN_FLAT| Raw frame | Screen flat field exposurg  /
MASTER_BIAS Calibration | Master bias vV
MASTER_DARK Calibration | Master dark

CCD_TABLE Calibration | Bad pixel table

Table 6.4.11nput files for the vmimflatscreen recipe.

A bad pixel table needs to be specified only if the cleaningaaf pixels is requested. In the calibration directo-
ries there is one CCD_TABLE file for each quadrant, nantextipi xel . ¢. t fi t s (whereq is the quadrant
number). Care should be taken in selecting the appropradeplxel tables for the imaging instrument mode (in
the case of spectral dagds the quadrant number increased by 4).

The primary product of thevmimflatscreerrecipe is the normalised master screen flat field, as showabieT
6.4.2. A secondary product is the combined screen flat fiblt,is the result of the combination of all inputs
but without any normalisation applied, and is just used stadjuality control.

File name DO category Type | Explanation
img_master_screen_flat.fits | IMG_MASTER_SCREEN_FLAT FITS | Master screen flat field
img_combined_screen_flat.fitsiIMG_COMBINED _SCREEN_FLAT| FITS | Combined screen flat field

Table 6.4.2Products of the vmimflatscreen recipe.

The vmimflatscreenparameters are listed in table 6.4.3.

A more complete description of the parameters meaning tsgil&n:

AllowSingleFrames: If this parameter is set, then a master screen flat field isymed also from a single input
screen flat field frame. In that case tis#ackMethodis ignored.

BiasMethod: Method for bias removal from the input screen flat field framEke bias removal procedure is
described in some detail in Section 8.3. Possible settirggs a

Master: After master bias subtraction, prescan and overscan regi@trimmed away from the flat field
frame.

Zmaster: After master bias subtraction the overscan correction fdieg before trimming away the
overscan regions.
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Parameter Possible values| Explanation

AllowSingleFrames true A single input fl_at field is glso.allowe_d
false More than one input flat field is required
Average Combined flat field is average of inputs
Median Combined flat field is median of inputs
StackMethod MinMax Combined flat field is obtained with min-max rejection
Ksigma Combined flat field is obtained with K-sigma clipping
Auto Optimal combination of input flat fields
MinRejection int No. of lowest rejected values for rejection method
MaxRejection int No. of highest rejected values for rejection method

KSigmalLow float (sigma) Low threshold for K-sigma clipping method
KSigmaHigh float (sigma) High threshold for K-sigma clipping method
. Master Bias removal with no overscan correction

BiasMethod . . .

Zmaster Bias removal with overscan correction
CleanBadPixel true Interpolat_e bad plxel_s on product flat fields

false No bad pixel correction

. true Remove cosmic ray events from each flat field

CleanCosmic .

false No cosmic ray removal

CosmicThreshold | float
CosmicRatio float

Sigmas above level discriminator
Peak/neighbours discriminator

SmoothBoxSize int (pixel) Size of smoothing running box

SmoothMethod Median Median of values in running box
Average Average of values in running box
true Compute QC parameters

ComputeQC false Do not compute QC parameters

Table 6.4.3vmimflatscreen parameters.

CleanBadPixel: Bad pixel correction on the products. If this option is tudran, a bad pixel table should be
specified in the input SOF (see Table 6.5.1). The bad pixeection algorithm is described in Section
8.1, page 177.

CleanCosmic: Cosmic ray events removal from each input flat field. The cosmy rejection algorithm is
described in Section 8.2, page 178.

ComputeQC: If this parameter is setQuality Control (QC) parameters will be computed and written to the
header of the output master screen flat field and to an outplRAFZile namedgc0000. paf . This file
is not classified as a pipeline recipe product, as it is anrnmeeliate dataset that in the standard pipeline
operations would be translated into new entries in the QQilegThe QC parameters are computed only
if the exposure time of the first two raw screen flat fields tistethe input SOF is the same (within 4%).
Currently the QC parameters computed taimflatscreenare:

QC CONAD: Conversion factor from ADU to electrons{/ADU). The difference frame of the first two
raw screen flat fields listed in the input SOF is computed. Ttherl600x1800 central region of the
image is divided into 16x18 100x100 boxes. For each one aktth®xes, the median signal level
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from the first raw frame is divided by the variance in the difiece frame scaled by 2. The median
value of the 16x18 values obtained is the accepted valu&éogain conversion factor.

QC CONAD RMs: The rms of the 16x18 values obtained in the determinatio®6f CONAD is com-
puted, and divided by the square root of 16x18.

QC FLAT PHN: Photon noise (in ADU). The standard deviation of the 1600018ixel central region
of the difference of the first two raw screen flat fields listadhie input SOF is computed and then
scaled by /2.

QC FLAT FPN: Fixed pattern noise (in ADU). The difference between the0k8800 central pixels
of the first frame, and the same region shifted by 10x10 pixetise second frame, is computed. The
standard deviation of the signal is the combination of fixattggn noise and photon noise (scaled
by v/2). The photon noiseQC FLAT PHN is then quadratically subtracted.

QC FLAT STRUCT: Screen flat field structure (in ADU). The population standdediation of the
1600x1800 central pixels of the first flat field in the input S®Eomputed. This is the combination
of structure, fixed pattern nois€C FLAT FPN, and photon noiseQC FLAT PHN. The photon
noise and the fixed pattern noise are then quadraticallyactbt.

QC FLAT EFFI CI ENCY: Signal per unit of exposure (in ADU/s). The median level & 1600x1800
central pixels of the first input screen flat field is divideditsyexposure time.

QC FLAT MASTER MEDI AN: Median value of the 1600x1800 central pixels of the combseéen
flat field.

QC FLAT MASTER RMS: Population standard deviation of the 1600x1800 centradlpigf the com-
bined screen flat field.

CosmicRatio: Critical ratio for reducing the effect of variable backgmulion cosmic rays identification. This
parameter is effective whefleanCosmicis set.

CosmicThreshold: Threshold for the selection of cosmic rays candidates. phiameter is effective when
CleanCosmicis set.

KSigmaHigh: Number of standard deviations above the median pixel valueejecting a pixel value when
StackMethodis set to “Ksigma”.

KSigmaLow: Number of standard deviations below the median pixel vatueadjecting a pixel value when
StackMethodis set to “Ksigma”.

MaxRejection: Number of highest pixel values to be rejected wHatackMethodis set to “MinMax” .
MinRejection: Number of lowest pixel values to be rejected wh8tackMethodis set to “MinMax” .

SmoothBoxSize: Length in pixel of the side of the square smoothing box usethénnormalisation of the
master flat field.

SmoothMethod: The smoothing method used in the normalisation of the mdisiefield. Possible settings
are:

Average: The central pixel within the smoothing running box is regldavith the average of the values
of the pixels contained in the box.
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Median: The central pixel within the smoothing running box is regldavith the median of the values
of the pixels contained in the box.

StackMethod: Combination method of input screen flat fields for combinetffiddd creation. See Section 8.6
for a complete description of all the combination methodssdible settings are:

Auto: Given the number of input screen flat fields, an optimal cormtiddm method is selected. Currently
this is always going to the methothverage”.

Average: The combined screen flat field is the mean of the input frames.

Ksigma: The combined screen flat field is the mean of the input framis; K-sigma screening of
pixel values. The number of sigma to be applied in the rajacis specified by the parameters
KSigmalLowand KSigmaHigh

Median: The combined screen flat field is the median of the input frames

MinMax: The combined screen flat field is the mean of the input franfes, r@jection of minimum and
maximum values. The number of values to reject is specifiethéyparameterdMinRejection and
MaxRejection

A description of the algorithms used in this recipe is giversection 8.14, page 187.

6.5 vmimflatsky

The VIMOS pipeline recipevmimflatskyis used to create a master sky flat field from a set of raw sky #katdi
The master sky flat field is the dataset used for the flat fielcection of scientific data.

All the files that must be included in the input SOF are listethble 6.5.1.

DO category Type Explanation Required
IMG_SKY_FLAT Raw frame| Sky flat field exposure vV
MASTER_BIAS Calibration | Master bias Vv
MASTER_DARK Calibration | Master dark
IMG_MASTER_SCREEN_FLAT| Calibration| Master screen flat field
CCD_TABLE Calibration | Bad pixel table

Table 6.5.11nput files for the vmimflatsky recipe.

A bad pixel table needs to be specified only if the cleaningaaf pixels is requested. In the calibration directo-
ries there is one CCD_TABLE file for each quadrant, nanedipi xel . ¢. t f i t s (Whereq is the quadrant
number). Care should be taken in selecting the appropradeltxel tables for the imaging instrument mode (in
the case of spectral dagds the quadrant number increased by 4).

The only product of thevmimflatskyrecipe is the normalised master sky flat field, as shown ineTald.2.
The vmimflatskyparameters are listed in table 6.5.3.

A more complete description of the parameters meaning dsgil&n:
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File name DO category Type | Explanation

img_master_sky_flat.fits IMG_MASTER_SKY_FLAT | FITS | Master sky flat field

Table 6.5.2:Products of the vmimflatsky recipe.

AllowSingleFrames: If this parameter is set, then a master sky flat field is produwdso from a single input
sky flat field frame. In that case th&tackMethodis ignored.

BiasMethod: Method for bias removal from the input sky flat field frames. eTihias removal procedure is
described in some detail in Section 8.3. Possible settirgs a

Master: After master bias subtraction, prescan and overscan regiantrimmed away from the flat field
frame.

Zmaster: After master bias subtraction the overscan correction fdieg before trimming away the
overscan regions.

CleanBadPixel: Bad pixel correction on the master sky flat field. If this optis turned on, a bad pixel table
should be specified in the input SOF (see Table 6.5.1). Theizaticorrection algorithm is described in
Section 8.1, page 177.

CleanCosmic: Cosmic ray events removal from each input flat field. The cosmy rejection algorithm is
described in Section 8.2, page 178.

ComputeQC: If this parameter is setQuality Control (QC) parameters will be computed and written to the
header of the output master sky flat field and to an output QCfif&Ramed qc0000. paf . This file
is not classified as a pipeline recipe product, as it is anrmédiate dataset that in the standard pipeline
operations would be translated into new entries in the QGilegCurrently the QC parameters computed
by vmimflatskyare:

QC SKY FLAT FLUX: Mean value of the 1600x1800 central pixels of the first skyffedtl listed in
the input SOF, after bias removal and division by the expo$une.

QC SKY FLAT RWMS: The population standard deviation of the 1600x1800 cepiralls of the nor-
malised master sky flat field.

QC SKY FLAT STRUCT: The standard deviatiomQC SKY FLAT RMS can be seen as the com-
bination of large scale structure with noise sources. Tliferdnce between the master and the
master itself shifted by 10x10 pixels is computed, and th&axae of the 1600x1800 central pixels
of the result is computed and corrected by a factor 2. Thituatian of other noise sources is then
guadratically subtracted from the total standard deumatio

CosmicRatio: Critical ratio for reducing the effect of variable backgrmlion cosmic rays identification. This
parameter is effective whefleanCosmicis set.

CosmicThreshold: Threshold for the selection of cosmic rays candidates. pharameter is effective when
CleanCosmicis set.

KSigmaHigh: Number of standard deviations above the median pixel valueejecting a pixel value when
StackMethodis set to “Ksigma”.
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Parameter Possible values| Explanation

AllowSingleFrames true A single input fl_at field is glso.allowe_d
false More than one input flat field is required
Average Combined flat field is average of inputs
Median Combined flat field is median of inputs
StackMethod MinMax Combined flat field is obtained with min-max rejection
Ksigma Combined flat field is obtained with K-sigma clipping
Auto Optimal combination of input flat fields
MinRejection int No. of lowest rejected values for rejection method
MaxRejection int No. of highest rejected values for rejection method

KSigmalLow float (sigma) Low threshold for K-sigma clipping method
KSigmaHigh float (sigma) High threshold for K-sigma clipping method
. Master Bias removal with no overscan correction

BiasMethod . . .

Zmaster Bias removal with overscan correction
CleanBadPixel true Interpolat_e bad plxel_s on master sky flat

false No bad pixel correction

. true Remove cosmic ray events from each flat field

CleanCosmic .

false No cosmic ray removal

CosmicThreshold | float
CosmicRatio float

Sigmas above level discriminator
Peak/neighbours discriminator

SmoothBoxSize int (pixel) Size of smoothing running box

SmoothMethod Median Median of values in running box
Average Average of values in running box
true Compute QC parameters

ComputeQC false Do not compute QC parameters

Table 6.5.3vmimflatsky parameters.

KSigmalLow: Number of standard deviations below the median pixel vatuadjecting a pixel value when
StackMethodis set to “Ksigma”.

MaxRejection: Number of highest pixel values to be rejected wHatackMethodis set to “MinMax” .
MinRejection: Number of lowest pixel values to be rejected wh8tackMethodis set to “MinMax” .

SmoothBoxSize: Length in pixel of the side of the square smoothing box usethénnormalisation of the
master flat field.

SmoothMethod: The smoothing method used in the normalisation of the mdistefield. Poss