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1 Introduction

1.1 Purpose

This manual is a complete description of the data reduceeipes used by the the VIMOS pipeline, reflecting
the status of the VIMOS pipeline as of July 7, 2009 (versich3.

The VIMOS pipeline is a subsystem of tve. T Data Flow SystentDFS). Its target user is ESData Flow
Operations(DFO) in the generation of master calibration data, in trduotion 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 ptesein 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 A provides a list of used abbreviations and agnos.

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 VO imaging and MOS pipelines.

Valuable suggestions on the IFU data reduction pipelineeypeovided by Eric Emsellem and Arlette Rousset-
Pecontal (Centre de Recherche Astronomique de Lyon), andidoyn Roth (Astrophysikalisches Institut Pots-
dam). Further improvements were later provided by Dr Petevdilbacher (Astrophysikalisches Institut Pots-
dam), and Dr Katrina Exter (Space Telescope Science Itestitu

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.

In particular we want to thank Paola Sartoretti (ESO, Datandigement and operations Division), who was
a continuous source of useful ideas for improving the pimeliecipes, and for their extensive testing, and
Burkhard Wolff who continued her good job.
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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-ES0-19600-1233

[3] Data Flow for VLT instruments Requirement Specification
VLT-SPE-ES0O-19000-1618

[4] DFS Pipeline & Quality Control — User Manual VLT-MAN-ESO-380-1619
[5] ESO DICB — Data Interface Control Document GEN-SPE-ESC30a0794
[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 Aasmy, in SPIE Vol. 290, p. 28.
[13] E.W.Greisen and M.R.Calabretta (2002), Astronomy & Adtiggics, 395, 1061-1075.
[14] 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 19).
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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 communitytartéd operations in Paranal on Aprif', 2003.

In this chapter a brief description of the VIMOS instrumesngiven. 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. Fiddhses 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 (seehtt p: / / www. eso. or g/ proj ect s/ odt/ Vi nos/ vi nos. ht i for detector design and
performance reports of the four VIMOS CCD systems).

3.2 Directimaging

The field-of-view consists of 4 quadrants of 7' x 8’ each sefmd 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 fratht p: / / ww. eso. or g/ i nstrunent s/ vi nos.

3.3 Multi-Object-Spectroscopy (MOS)

The multi-object mode of VIMOS uses grisms and masks. ES@illites theVIMOS Mask Preparation
Software(VMMPS), a package developed by the VIRMOS Consortium fibrdgfinition 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 15 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.

!For technical reasons only 7 slots of the masks cabinet arently used.
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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, aRds the spectral resolution
for a 1” MOS slit, corresponding te- 0.8 IFU fibre. The spectral ranges are given with the specifiedrfit.

A new set of four holographic HR_red grisms has been instatledMOS on October 5, 2005. Compared to
the previous set, the efficiency has increased of about 508tor&that date, there was no HR_red grism in
quadrant 4 (HR_orange was used instead). The transmissiwesdior the four grism/filter units are available
athttp://ww. eso. org/instrunments/vinos.

With LR grisms, a spectrum will typically span less than 60@[s along the dispersion direction. This allows
a multiplexing factor of 5j.e., to stack up to five spectra along the dispersion directionvided that there are
enough well spaced targets in the field-of-view.

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

With HR grisms the spectra extend beyond the detector lerigéiefore multiplexing is impossible and the
observable spectral interval depends on the position df arsthe mask, spanning about 2400 A for the HR_red
and HR_orange grisms, and about 2000 A for the HR_blue grism.

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 lowser, (bluer) regions of the mask. This spectrum
would likely contaminate the multiplexed first order spaatin 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 spaabn the blue side of the CCD (see an illustration of
—1%t contamination on page 105). For this reason multiplexed atie constrained to be identical, and to have
the same position along the cross-dispersion directiothaérassumption of negligible spectral curvatures in all
orders, the’”, 2"¢ and—1% contaminations would then be removed by the sky subtragtionedure.

Aside from the above considerations, the number of slits ¢ha 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.
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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. Eadiuiment 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 spectrarigha 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 3.5a8ep 17-18).

At medium and high resolution just the 4 central bundles enlfJ head are illuminated (see Figure 3.5.3,
page 18). Only one pseudo-slit per quadrant is used, siecgpibctra 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 identiddlet MOS case for LR and MR grisms. For HR
grisms the situation is different because the spectraleasgoo large to be contained on the CCD, and since
the central slit-of-fibres is shifted by about 140 pixelsnfrthe 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 A range (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 6.19.3, page 120).

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 moderaseipted in Sections 4.3, 4.4, and 4.5.

4.1 VIMOS pipeline recipes

The current VIMOS pipeline is based on a set of 23 stand-atenges, 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 scradieftbframes.
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 ektinccoefficient 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:

vmspflat: producing a spectral master flat field.

vmspcaldisp: computing the optical distortion, the spatial curvaturg] ¢ghe inverse dispersion models.
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vmmosstandard: computing the instrument spectral efficiency and respousees from a standard star
exposure.

MOS data reduction:

vmmosobsstare:reducing a science exposure.
vmmosobsijitter: reducing a stack of jittered science exposures.

vmmoscombine: combining a stack of reduced and 2D-extracted slit speditaireed from different
observations.

vmspphot: applying flux calibration to already reduced spectra (tleisipe is applicable also 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 compthiagnstrument spectral effi-
ciency and response curves from a standard star exposure.

IFU data reduction:

vmifuscience:reducing a science exposure.

vmspphot: applying flux calibration to already reduced spectra (te@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 39.
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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 atide; 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 39). 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 vmspcaldisprecipe:

VI MOS. 2003- 02-04T16: 31: 53. 040.fits MOS_ARC_SPECTRUM
[ horre/ vi nos/ cal / mbhi as. 3.fits MASTER BI AS

/ home/vinos/cal/lcat_LR red. 3. tfits LI NE_CATALOG
[horme/vinos/cal/grs_ LR red. 3.tfits GRI SM TABLE

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

Note that the VIMOS pipeline recipes do not proof in any wag torrectness of the classification
tags specified by the user in the SOF. In the above exampleretlige vmspcaldisp will treat the
frame VI MOS. 2003-02. .. asaMOS_ARC_SPECTRUM, the frammbi as. 3. fits as a MAS-
TER_BIAS, etc., even when they do not contain this type cdddthe recipe will also assume that all
frames are associated correctlye., that they all come from the same instrument quadrant, uiag
same filter, grism, etc., and that the appropriate calibndfiies have been specified.

The reason of this lack of control is that the VIMOS recipesjast the DRS component of the complete
pipeline running on Paranal, where the task of data claasific and association is carried out by separate
applications. Moreover, usingsasgano as an interface to the pipeline recipes will always ensure a
correct classification of all the data frames, assigningathigropriate DO category to each one of them
(see Section 4.2.1, page 21).

A recipe handling an incorrect SOF may stop with not immedjatinderstandable error messages at best.
In the worst cases, the recipe would apparently run withaytmoblem, producing results that may look
reasonable while they are instead flawed.

Recipe configuration: Each pipeline recipe may be assigned &soRex 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 Is5ame
as the recipe to which they are related, with the filenamenside . r c. For instance, the recipembias
has its EsoRexgenerated configuration file namedrbi as. rc.

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

3The set-of-frames corresponds to theput Framespanel of the Gasganorecipe execution window (see Figure 4.2.3, page 24).
“The EsoRexrecipe configuration file corresponds to tRarameterspanel of the Gasganorecipe execution window (see Figure
4.2.3, page 24).
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# --StackMet hod
# Stacking nethod ( Average | Median | MnMax | Ksigma | Auto )
vi nos. Par anet er s. st acki ng. net hod=Aver age

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 informatiomut the possible
values of the parameter, and an ali@s dckMet hod) that could be used as a command line option (see
subseguent examples).

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

The basic format for usindEsoRexis as follows:
esor ex [ esorex_optior]s recipe_namg recipe_optionp set_of frames

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

To get help for an individual recipe (in the subsequent exasyvmbias 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 vnbias

If the default recipe configuration file is not found, or a parar 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 recigmbias for processing the files specified in the
set-of-framesvmbi 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 vnspflat --ConputeQC=fal se --Fl at Met hod=Medi an i n. sof

esorex --tinme=true vnspcal di sp --C eanBadPi xel =f al se 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 vmspflat example the computation of quality control parameters lised off, and the flat field trend
removal (used in the flat field normalisation) is performethgs median filter. The input SOF isn. sof .

Finally, in the vmspcaldispexample the execution of the recipe is timed and bad pixelnihg is turned off.
The input SOF isi nput 1. sof .

For more information onEsoRex seehtt p: / / www. eso. or g/ cpl / esorex. htnl .
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4.3 Example of imaging data reduction using EsoRex

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 61). The following set-of-frames
may be prepared:

5The procedure usingsasganois 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 70) 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 67), 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 87). 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 79):
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 84):

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 EsoRex

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 usingsasganois 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.
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 @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 28.
The productmast 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 exposures, thipeeemspflat is used (see Section 6.13, page 95).
The input SOF may be defined as follows:
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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 _nast er _screen_fl at. fits, andthe non-normalised
screen flat fieldros_conbi ned_screen_fl at. fits. The latter should be specified in the set-of-frames
associated to themspcaldisprecipe (see Section 6.14, page 99), used to reduce the goeebgmosure, 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_COWVBI NED_SCREEN_FLAT
/home/vinos/cal/grs_LR red.1.tfits CGRI SM TABLE

/[ home/vinmos/cal/lcat_LR red. 1. tfits LI NE_CATALOG
This is processed by:
esorex vnspcal di sp di stortions. 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,nps_ar c_spectrum extracted. fits, thatisjust used for quality control purposes.

The extraction table is specified in the last set-of-frantles,one associated to the recipenmosobsstarésee
Section 6.15, page 106), 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
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This is processed by:
esorex vnmosobsstare obj ects. sof

The products are the extracted object speatnas _sci ence_r educed. it 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 thieaeted object
spectra and their position along the slithj 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 associatedratibns. The only exception is in the final step, where
the recipe vmmosstandardwvould be used instead of the recipenmosobsstarésee Section 6.18, page 115).
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
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 thedstethstar spectral fluxes in erg chs™! A—1.

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

which would generate, among other products, the spectotepietric tablepps_specphot _tabl e. 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/vinos/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 prtlotthis recipe, also the file containing the extracted
and flux calibrated spectrayjps_sci ence_fl ux_reduced. fits.
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4.5 Example of IFU data reduction using EsoRex

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 28.
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 usingsasganois 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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4.6 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
vmspflat and vmspcaldisgf the slit spectra display any spatial overlap, or if spakmultiplexing is
present: the confusion introduced at the edges of the ditteg may strongly bias the tracing task. A
simple solution to this problem is not yet available.

The wavelength calibration may not be determined accurately from MOS arc lamp expodwrescipe vm-
spcaldispif the first-guess distortion models contained in the hemdéithe input files are too far from
the real instrument distortions, or if spectral multiplexiis present. In such cases, setting the recipe pa-
rameter RefinelDSto "true” may help to identify correctly the available aralp reference lines; if even
this fails, the Lineldent parameter may be set to "Blind", attempting to identify thelamp lines with a
pattern-recognition algorithm. In such problematic casestep-by-step approach may be advisable: first
the best recipe parameters for an acceptable local spegtrattion are determined, and only then it may
be attempted to add the global distortion models fitting. diined global models, written to the header
of the output extraction table (see Table 6.14.3, page 101) may be iterated, using themaantemore
accurate first-guesses for a more standard use ofthspcaldisprecipe. It will surely be advantageous,
when accurate first-guess models are available, to specdiatively small search window (about 5 or 6
pixels) for the arc lamp lines.

The spectral fringing correction performed by recipevmmosobsijitterinvolves only a sky fringing subtrac-
tion, and therefore is of limited help in the case of brigheab spectra.

The atmospheric extinction table made available in the static calibration directories (sakld 6.18.2, page
116), is based on data obtained at La Silla. This table maypkaeed with another having the same
structure: the wavelengths at which the atmospheric eiindgs given can be chosen freely, since all
the scientific data reduction recipesr(ifustandard, vmifuscience, vmmosstandard, vmmosobssim-
mosobsjitterandvmsphak 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 and MOS data reduction recipes.
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5 VIMOS data

VIMOS data can be separated imgav 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 fskeywords 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 DRFECH. In the case of data products, the
classification of the frame is stored into the hierarchiecghiord PRO CATG.

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

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 enviment this recipe would be launched automatically.
In some cases two recipes are assigned, one meant for theticedarf 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 aredd together with the keywords used for their
classification and correct association. The indici€dcategoryis a label assigned to any data type after it has
been classified, which is then used to identify the framésdis theset-of-framegsee Section 4.2.2, page 25).

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 keywB8D | NS MODE is set accordingly to 'IMG’ for direct
imaging frames, and to '"MOS'’ for any calibration associategpectroscopy (either MOS or IFU), to indicate
the intended use for the data.

e Bias:

DO category:Bl AS
Processed by i as

Classification keywords: Association keywords: Note:
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DPR CATG = CALIB I NS MODE Instrument mode
DPR TYPE = BI AS OCS CON QUAD Quadrant used
DPR TECH = | MAGE DET CH P1 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 Dark current:

DO category:DARK
Processed by ndar k

Classification keywords:

DPR CATG =
DPR TYPE
DPR TECH

CALI B
DARK
I MAGE

Association keywords:

I NS
ocs
DET
DET
DET
DET
DET
DET
DET

MODE

CON QUAD
CH P1 ID
WNL NY

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

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

DO category:DETECTOR_PROPERTI ES

Processed by ndet

Classification keywords:

DPR CATG =
DPR TYPE
DPR TECH

TPL ID = VIMOS_ing_tec_DetlLin
orVI MOS nps_tec_DetlLin

CALI B
FLAT, LAMP
| MAGE or MOS

Association keywords:

I NS
ocs
DET
DET
DET
DET
DET
DET
DET

MODE

CON QUAD
CH P1 I D
WNL NY

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

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
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5.1.2 Directimaging 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 1D = VI MOS_i ng_t ec_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

o Twilight flat field:

SClI ENCE
OBJECT
I MAGE, PRE

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

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] ID
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] 1D
CHIPL ID
WNL NY

W NL BI NX

W NL BI NY
READ MODE
READ SPEED
READ CLOCK

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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Classification keywords: Association keywords: Note:
DPR CATG = CALI B I NS MODE Instrument mode
DPR TYPE = FLAT, SKY OCS CON QUAD Quadrant used
DPR TECH = | MAGE INS FILT[1-4] ID Filter ID on each beam
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 Screen flat field:
DO category:!l MG SCREEN FLAT
Processed by ni nf | at screen
Classification keywords: Association keywords: Note:
DPR CATG = CALI B I NS MODE Instrument mode
DPR TYPE = FLAT, LAVP OCS CON QUAD Quadrant used
DPR TECH = | MAGE INS FILT[1-4] ID Filter ID on each beam
TPL ID = VIMOS_ ing_cal _ScreenFlat INS LAMP[1-5] ID Calib. lamps ID
I NS LAMP[ 1- 5] STATE Lamp state
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 Standard stars field:
DO category:!l MG_STANDARD
Processed bwm nst andar d
Classification keywords: Association keywords: Note:
DPR CATG = CALI B I NS MODE Instrument mode
DPR TYPE = STD OCS CON QUAD Quadrant used
DPR TECH = | MAGE INS FILT[1-4] ID Filter [1-4] on each beam
DET CH P1 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
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e Astrometric stars field:

DO category:!l MG_ASTROMVETRY

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 i nobsstare, vnmi nobsjitter

Classification keywords:

DPR CATG
DPR TYPE
DPR TECH

SCI ENCE
OBJECT
I MAGE

DET READ MODE
DET READ SPEED
DET READ CLOCK

Association keywords:

I NS MODE

OCS CON QUAD
OBS TARG NAVE
INS FILT[1-4] ID
DET CHI P1 I D
DET W NL NY
DET W NL BI NX
DET W NL BI NY
DET READ MODE
DET READ SPEED
DET READ CLOCK

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

Readout method
Readout speed
Readout clock pattern

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 distinguishegkimeralframes direct imagingframes MOSframes,
andIFU frames. These frames are classified @asgand7] according to their own DO category (keyword
PRO CATG), assigned to them at creation time. For this reason noifitagon keyword is listed in this section.
The name of the recipe (or recipes) used to create a giverugragigiven here.

5.2.1 General frames

o Master bias:

DO category:MASTER_BI AS
Created byvnbi 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

o 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 byvnspf | at

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 byvnspf | at

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 category:W NDOW TABLE
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
Created byvnmopsobsst are, vmmosobsjitter

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

Grism dependent parameters:

DO category:GRlI SM TABLE
Created byexternal

Association keywords:

ocs
I NS

CON QUAD
FILT[ 1- 4] NAME

Note:
Instrument quadrant
Filter name for beam 1 to 4
Grism ID for beam 1 to 4

INS GRIS[1-4] ID

Spectral extraction parameters:

DO category:EXTRACT _TABLE
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 extraitie is specified when calling the recipes
vmspcaldisp vmmosobsstarand vmmaosobsjitter

Extracted spectra:

DO category:MOS_SCI ENCE_REDUCED
Created byvnmopsobsst are, vmmosobsjitter

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
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e Extracted and flux calibrated spectra:

DO category:MOS_SCI ENCE_FLUX REDUCED
Created byvnmopsobsst are, vmmosobsjitter

Association keywords:

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

CON QUAD
FILT[ 1-4] NAME
GRIS[1-4] ID
MASK[ 1- 4] 1D
MSHU[ 1- 4] MODE
CHIPL ID

WNL NY

W NL BI NX
WNL BI NY

e Extracted sky spectra:

DO category:MOS_SKY_REDUCED

Note:
Quadrant used

Filter name for beam 1 to 4

Grism ID on each beam
Mask ID for beam 1 to 4

Mask shutter mode for beam 1to 4

Chip identification
No of pixelsiny
Binning along X
Binning along Y

Created byvnmosobsst are, vmmosobsjitter

Association keywords:

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

CON QUAD
FILT[ 1-4] NAME
GRIS[1-4] ID
MASK[ 1- 4] 1D
MSHU[ 1- 4] MODE
CHIPL ID

WNL NY

W NL BI NX

W NL BI NY

e Atmospheric extinction:

DO category:EXTI NCT_TABLE
Created byexternal

No association keyword required

Note:
Quadrant used

Filter name for beam 1 to 4

Grism ID on each beam
Mask ID for beam 1 to 4

Mask shutter mode for beam 1to 4

Chip identification
No of pixelsiny
Binning along X
Binning along Y
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e Sky + sky fringes map:

DO category:MOS_FRI NGES_SKY

Created byvnmosobsjitter

Association keywords:

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

CON QUAD
FILT[ 1-4] NAME
GRIS[1-4] ID
MASK[ 1- 4] 1D
MSHU[ 1- 4] MODE
CHIPL ID

WNL NY

W NL BI NX
WNL BI NY

e Sky fringes map:

DO category:MOS_FRI NGES
Created byvnmosobsjitter

Association keywords:

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

e Extracted standard star spectrum:

CON QUAD
FILT[ 1-4] NAME
GRIS[1-4] ID
MASK[ 1- 4] 1D
MSHU[ 1- 4] MODE
CHIPL ID

WNL NY

W NL BI NX
WNL BI NY

Note:
Quadrant used

Filter name for beam 1 to 4

Grism ID on each beam
Mask ID for beam 1 to 4

Mask shutter mode for beam 1to 4

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 beam
Mask ID for beam 1 to 4

Mask shutter mode for beam 1to 4

Chip identification
No of pixelsiny
Binning along X
Binning along Y

DO category:MOS_STANDARD REDUCED
Created byvnmosst andar d

Association keywords:

ocs
I NS
I NS
I NS
I NS
DET
DET

CON QUAD

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

MSHU[ 1- 4] MODE
CHIPL ID
WNL NY

Note:
Quadrant used

Filter name for beam 1 to 4

Grism ID on each beam
Mask ID for beam 1 to 4

Mask shutter mode for beam 1 to 4

Chip identification
No of pixelsiny
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DET W N1 BI NX Binning along X
DET W N1 BI NY 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 byvmmosstandard

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

e 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 Binning along X

DET W N1 BI NY 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
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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
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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 146.

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 139.

CleanCosmic: Cosmic ray events removal from each input bias. The cosmyiaagection algorithm is de-
scribed in Section 8.2, page 140.
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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 148.

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 139.
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CleanCosmic: Cosmic ray events removal from each input dark. The cosmjiaegection algorithm is de-
scribed in Section 8.2, page 140.

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 148.
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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 70).

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 139.

CleanCosmic: Cosmic ray events removal from each input flat field. The cosmy rejection algorithm is
described in Section 8.2, page 140.

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 149.

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 139.

CleanCosmic: Cosmic ray events removal from each input flat field. The cosmy rejection algorithm is
described in Section 8.2, page 140.

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 Sigmas above level discriminator
CosmicRatio float 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. Possible settings
are:

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

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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StackMethod: Combination method of input sky flat fields for combined flalfiereation. See Section 8.6 for
a complete description of all the combination methods. iBlessettings are:

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

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

Ksigma: The combined sky flat field is the mean of the input framesy &ftsigma screening of pixel
values. The number of sigma to be applied in the rejectiopésified by the parameter&Sig-
malLow and KSigmaHigh

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

MinMax: The combined sky flat field is the mean of the input framesy affiection of minimum and
maximum values. The number of values to reject is specifiethéyparametersMinRejection and
MaxRejection

A description of the algorithms used in this recipe is giversiction 8.15, page 149.

6.6 vmmasktoccd

The VIMOS pipeline recipevmmasktoccds used to determine the CCD to Mask transformation andvesrse
(see Section 7.2.1, page 131). SExtractor v2.1.6 [8] is fzedetermining the positions of the spotlights on
a direct imaging exposure of a lamp and a calibration maskagaing a regular grid of pinholes. The relation
between mask and CCD positions is then determfhed.

The files to be included in the input SOF are listed in Tablel6.6

DO category Type Explanation Required
MASK_TO_CCD Raw frame | Pinhole mask exposure ~ /
MASTER_BIAS Calibration | Master bias Vv
MASTER_DARK Calibration | Master dark
IMG_MASTER_SKY_FLAT | Calibration| Master flat field

CCD_TABLE Calibration | Bad pixel table

Table 6.6.1:1Input files for the vmmasktoccd 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 . ¢q. t fi 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 thevmmasktoccdrecipe is shown in Table 6.6.2. This PAF file is copied (or nthve
to the product directory, and it is identical to the produckdtrument WorkStation(IWS) configuration file

| MG_mask2ccd_gq. cnf (where ¢ indicates the VIMOS quadrant number) that is created in dneesdirec-
tory where the recipe is launched.

®The vmmasktoccdecipe is not distributed outside ESO because of licensinglems.
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File name DO category | Type | Explanation
IMG_mask2ccdg.paf PAF | Mask to CCD configuration filg

Table 6.6.2:Products of the vmmasktoccd recipe.

The transformation and distortion models related to the G@®the mask focal planes are described in Section

7.2.1, page 131. Typically, the RMS of the CCD to mask modsidtals is about5 - 10~ mm, while the

RMS of the inverse transformation is about 0.04 pixel (be#&lgted through the 8.4 mm/pixel scale factor). Of
course the real accuracy of the model may be better thanciwasjdering that about 500 pinholes positions are
fitted to determine the transformations: if the distribatiaf the residuals were poissonian, the model accuracy

would be more accurate than the residuals population RMSfagter of the order of/500/22 ~ 5 (where
22 is the number of the model’s free parameters).

The vmmasktoccdparameters are listed in Table 6.6.3.

Parameter Possible values| Explanation
. Master Bias removal with no overscan correction

BiasMethod . . .

Zmaster Bias removal with overscan correction
CleanBadPixel true Clean bad pixels _

false Do not clean bad pixels
CleanCosmic true Clean cosmic rays

false Do not clean cosmic rays
CosmicThreshold float Sigmas above level discriminator
CosmicRatio float Peak/neighbours discriminator
Iterations int Number of model iterations
PolyOrderX int Order of thez distortion model
PolyOrderY int Order of they distortion model
SearchRadius float (pixel) Max distance from expected positions
SExtractor.FilterName file SExtractor convolution mask
SExtractor.HolesParam | file SExtractor output parameters
SExtractor.HolesSex file SExtractor configuration file
SExtractor.PsfEXx file PSF modeling executable
SExtractor.PsfexDefault | file PSF modeling configuration file
SExtractor.PsfParam file SExtractor output parameters for PSF modeling
SExtractor.PsfSex file SExtractor configuration file used for PSF modeli
SExtractor.SExtractor file SExtractor executable
SExtractor.StarNnwName file SExtractor neural network weights

Table 6.6.3vmmasktoccd parameters.

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

BiasMethod: Method for bias removal from the pinhole mask image. The t@asoval procedure is described

in some detail in Section 8.3. Possible settings are:
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Master: After master bias subtraction, prescan and overscan regientrimmed away from the pinhole
mask image.

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

CleanBadPixel: Bad pixel correction on the pinhole mask image. If this api®turned on, a bad pixel table
should be specified in the input SOF (see Table 6.6.1). Theizaticorrection algorithm is described in
Section 8.1, page 139.

CleanCosmic: Cosmic ray events removal from pinhole mask image. The aosayi rejection algorithm is
described in Section 8.2, page 140.

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.

Iterations: Max number of iterations of the distortion model fit.

PolyOrderX: Order of the bivariate polynomial for the coordinate distortion. Note that VMMPS requires
this to be set to 3.

PolyOrderY: Order of the bivariate polynomial for the y coordinate triamshation. Note that VMMPS re-
quires this to be set to 3.

SearchRadius: Max distance (in pixels) from expected position where a plalis searched.

The parameters belonging to the SExtractor group shoulth@atodified.

A description of the algorithms used in this recipe is giversection 8.16, page 151.

6.7 vmskyccd

The VIMOS pipeline recipevmskyccd is used to determine the CCD to Sky distortion and its invésee
Section 7.2.2, page 132). SExtractor v2.1.6 [8] is used &edting in the field-of-view the objects matching
the entries of an astrometric catalog. The deviations froentheoretical relation between CCD and celestial
coordinates (WCS) are then determined and mod&led.

The files to be included in the input SOF are listed in Tablel6.7

A bad pixel table needs to be specified only if the cleaningaaf pixels is requested, and the photometric table
is required only if star matching is based also on compatiegieasured and the catalog magnitudes.

In the calibration directories there is one CCD_TABLE file &ach quadrant, namedadpi xel . q. tfits
(wheregq is the quadrant number). Care should be taken in selectm@ppropriate bad pixel tables for the
imaging instrument mode (in the case of spectral gasathe quadrant number increased by 4).

1%The vmskyccdrecipe is not distributed outside ESO.
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DO category Type Explanation Required
IMG_ASTROMETRY Raw frame | Astrometric field exposure Vv
MASTER_BIAS Calibration | Master bias vV
MASTER_DARK Calibration | Master dark
IMG_MASTER_SKY_FLAT | Calibration| Master flat field vV
ASTROMETRIC_TABLE Calibration | Astrometric catalog Vv
PHOTOMETRIC_TABLE Calibration | Photometric table
CCD_TABLE Calibration | Bad pixel table

Table 6.7.11Input files for the vmskyccd recipe.

The standard photometric tables in the calibration dimgescare named pc_f. ¢q. tfits (wheref is the fil-

ter name and the quadrant number), while the astrometric cataloguernaioed in tables egi onz. tfits
(wherex is a character between A and P). The name of the table to betaigedcess a given exposure can be
derived from the value of its FITS header keywoBEO OBS TARG NANME.

The products of thevmskyccdrecipe are shown in Table 6.7.2.

File name DO category Type | Explanation
IMG_sky2ccd g.paf PAF | Sky to CCD configuration file
img_astrometry reduced.fiisiIMG_ASTROMETRY_REDUCED| FITS | Reduce astrometric field exposure

Table 6.7.2Products of the vmskyccd recipe.

The PAFfile is copied (or moved) to the product directory, eridentical to thelnstrument WorkStatiorflWS)
configuration file | MG_sky2ccd_gq. cnf (where ¢ indicates the VIMOS quadrant number) that is created
in the same directory where the recipe is launched.

The reduced astrometric image is a byproduct of the distestmodeling, and can be used to ensure that the data
are suitable for the purpose. Quality indicators as sleeingare not critical in this context, but the number and
the distribution of the identified astrometric stars in thdiof-view is of fundamental importance for a realistic
modeling of the distortions through polynomial fitting. $hiogether with the RMS of the model residuals (see
Section 7.2.2, page 132), should make possible to discaimibhetween a safe and an unsafe modeling of the
sky to CCD distortions.

The vmskyccdparameters are listed in Table 6.7.3.

Only few parameters of the SExtractor group are listed hairmpst all the entries of the SExtractor configura-
tion file, $PI PE_HOVE/ vi nos/ conf i g/ vi nos. sex, can be overruled by the SExtractor group parameter
values specified in thevnskyccd. r ¢ configuration file. Conventionally, a SExtractor configioatparam-
eter name matches themskyccd configuration parameter obtained by lowercasing all of itaracters with
the exception of the first character of each word, and rengpthie underscore. For instance, the SExtractor
parameterCATALOG_TYPE matches thevmskyccdparameterCatalogType When using the corresponding
command line option, the SExtractor group must be expligpecified. For instance, the command option
corresponding to the paramet@atalogTypeis - - SExt r act or . Cat al ogType.

The Window parameter has no counterpart in the SExtractor configurdtie, and is used to restrict the
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Parameter Possible values| Explanation
. true Apply zeropoint correction
ApplyZeropoint false Do not apply zeropoint correction
. Master Bias removal with no overscan correction
BiasMethod . . .
Zmaster Bias removal with overscan correction
CleanBadPixel true Clean bad pixels _
false Do not clean bad pixels
. true Clean cosmic rays
CleanCosmic .
false Do not clean cosmic rays
CosmicThreshold float Sigmas above level discriminator
CosmicRatio float Peak/neighbours discriminator
KSigmacClip float Sigma clipping threshold used in star match
MagFinal float Magnitude tolerance for final star match
Maglnitial float Magnitude tolerance for initial star match
MagLimit float Max magnitude for object selection
RemoteCatalog true Not yeft implemented
false No online access to a catalog server
SearchRadius float (") Max distance for star matching
Starindex float Min stellarity index for stars selection
true Check beam and ambient temperatures consistency
TemperatureCheck .
false Do not check consistency of temperatures
TemperatureTolerance | float(°C) Max difference beam - ambient temperatures
SExtractor.FilterName | file SExtractor convolution mask
SExtractor.SExtractor file SExtractor executable
SExtractor.StarNnwNamg file SExtractor neural network weights
SExtractor.Window file Image region where SExtractor is applied

Table 6.7.3vmskyccd parameters.

SEXxtractor operations to just a part of the input image. Ehiseful to avoid false detections along the vignetted

image region.

A more complete description of the parameters not belontgirthe SExtractor group is given here:

ApplyZeropoint: If this parameter is set, a photometric table must be spdcifighe input SOF, and the
magnitude zeropoint, the extinction coefficient, and thkowoterm (with the colour it refers to) are
copied from the photometric table to the reduced astromé@triage header. If this parameter is set to
false, the parameterdaglnitial and MagFinal are ignored.

BiasMethod: Method for bias removal from the astrometric image. The bgmsoval procedure is described
in some detail in Section 8.3. Possible settings are:

Master: After master bias subtraction, prescan and overscan regimtrimmed away from the astro-

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

CleanBadPixel: Bad pixel correction on the astrometric image. If this optis turned on, a bad pixel table
should be specified in the input SOF (see Table 6.7.1). Theizaticorrection algorithm is described in
Section 8.1, page 139.

CleanCosmic: Cosmic ray events removal from astrometric image. The cosay rejection algorithm is
described in Section 8.2, page 140.

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

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

KSigmaClip: Number of sigmas used in the spatial rejection of matched.s&tars found within the specified
SearchRadiusare compared to their expected catalog positions, anddheesdf the residuals distribution
is computed. Then, all the stars having a distance from tpeagd position greater than the specified
threshold are rejected.

MagFinal: Magnitude tolerance applied to matched stars, after theis clipping has been applied. The
stars magnitudes should not differ from the correspondatglog magnitudes more than this value.

Maglnitial: Magnitude tolerance applied in star matching.
MagLimit: Limiting magnitude of objects to be matched with the astroimetars from the input catalog.
SearchRadius: Max distance (in arcseconds) from the expected positioncatalog star.

Starindex: This index can have a value between 0 (minimal stellarityy arimaximal stellarity). Only the
identified objects having a stellarity index greater tham specified value will be taken as stars, to be
matched with the standard stars from the input catalog.

TemperatureCheck: For associating the detected stars with the referenceocattiieir coordinates must be
corrected applying a “first guess” CCD to Sky distortion eoted for changes in the beam tempera-
ture (see Sections 7.2.2 and 8.17). If this parameter igtsetheam temperature is compared with the
temperatures of the other beams and with the ambient temuperdf the difference between the beam
temperature and the ambient temperature is greater thathrdshold specified byTemperatureToler-
ance then the temperature used will be the mean of the beams tatapes that differ from the ambient
temperature less than the specified threshold. If not aesibghm temperature is within tolerance, then
the ambient temperature is used in place of the beam teraperathis option was just introduced to
prevent possible problems with the beam temperature sensor

TemperatureTolerance: Max tolerated difference between ambient and beam tempegatThis parameter is

effective only if TemperatureChecls set.

The order of the polynomials used in the distortions modgitaken from the “first guess” model found in the
input astrometric image header (see Table 7.2.3, page 133).
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In the directory$PI PE_HOVE/ vi nps/ i ma/ cal islocated the astrometric catalog currently used/bysky-
ccd (see reference [11]). The catalog is splitinto a numberldéganamed egi onA. tfits,regionB. tfits,
., regionP.tfits. The table indicated in the SOF should match the contenteohétader entryESO

OBS TARG NAME of the input astrometric image.

It should be noted that in this astrometric catalog just theaRd magnitudes are given, therefore astrometric
fields exposures should always be made with the R filter.

A description of the algorithms used in this recipe is giversiction 8.16, page 151.

6.8 vmimstandard

The VIMOS pipeline recipevmimstandardis used to determine the instrumental magnitude of the statsh-
ing the entries of a photometric catalog. SExtractor v2[8}6s used for the source detection task.

The files to be included in the input SOF are listed in Tablel6.8

DO category Type Explanation Required
IMG_STANDARD Raw frame | Standard stars field Vv
IMG_MASTER_SKY_FLAT | Calibration| Master sky flat field vV
MASTER_BIAS Calibration | Master bias vV
MASTER_DARK Calibration | Master dark
PHOTOMETRIC_CATALOG| Calibration| Photometric catalog Vv
CCD_TABLE Calibration | Bad pixel table
PHOTOMETRIC_TABLE Calibration | Photometric table

Table 6.8.11nput files for the vmimstandard recipe.

The bad pixel table needs to be specified only if the cleaninigad pixels is requested. In the calibration
directories there is one CCD_TABLE file for each quadrantned badpi xel . ¢q. t fi t s (wheregq is the
quadrant number). Care should be taken in selecting th@ppate bad pixel tables for the imaging instrument
mode (in the case of spectral dat& the quadrant number increased by 4).

The optional determination of the frame magnitude zerdpfiom the table of detected standard stars (see
ahead) would require to specify in the input SOF a photomésitile. The photometric table simply holds the
necessary parameters for the magnitude zeropoint conutats listed in Table 6.8.2. The standard photo-
metric tables in the calibration directories are namgac_f. ¢. t fi t s (wheref is the filter name ang the
quadrant number).

The photometric catalog currently used can be found in thectiry $PI PE_HOVE/ vi nos/ i na/ cal , in
the file phstd stetson.tfits (see Table 6.8.3). This table includes the photometrics fram the
Stetson'’s fields (seéht t p: / / cadcwww. dao. nr c. ca/ st andar ds); Landolt’s stars (Landolt 1992, AJ
104, 340) that can be found in the Stetson'’s fields are aldoded, to permit the determination of zeropoints
also in the U band.

The products of thevmimstandardrecipe are shown in Table 6.8.4.

The galaxy table is the output of SExtractor [8] convertdd IRITS format (see Table 6.11.3, page 89). The star
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Keyword Example | Explanation

PRO MAG ZERO 28.15 | Expected magnitude zeropoint

PRO EXTI NCT 0.25 Atmospheric extinction coefficient

PRO COLTERM 0.01 Correction for star colour

PRO COLOUR 'B-V’ Colour system used

PRO MAGZERO RMS 0.05 Error on expected zeropoint

PRO EXTI NCT RMS 0.00 Error on extinction coefficient

PRO COLTERM RMS 0.00 Error on colour term

Table 6.8.2:Photometric table entries.

Column name | Explanation

I D Star identification string
RA RA of star

DEC Dec of star

MAG U U magnitude of star
MAG B B magnitude of star
MAG V V magnitude of star
MAG R R magnitude of star
MAG | | magnitude of star

Table 6.8.3:;Photometric catalog entries.

match table is the list of identified standard stars, withrthesitions on sky and CCD and their instrumental
and catalog magnitudes, as shown in Table 6.8.5.

The same procedure applied by the recipmimobsstare(see Section 6.11, page 87) is used to reduce the
standard field image. The reduced image is a byproduct oft#nergtching task, and can be used for quality
control purposes.

The vmimstandardparameters are listed in Table 6.8.6.

Only few parameters of the SExtractor group are listed hetenost all the entries of the SExtractor con-
figuration file, $PI PE_HOVE/ vi nos/ confi g/ vi nos. sex, can be overruled by the SExtractor group
parameter values specified in theri nst andar d. r ¢ configuration file. Conventionally, a SExtractor con-
figuration parameter name matches ti@imstandardconfiguration parameter obtained by lowercasing all of
its characters with the exception of the first character ohemord, and removing the underscore. For instance,
the SExtractor parametefATALOG_TYPE matches thevmimstandardparameterCatalogType When using
the corresponding command line option, the SExtractor growist be explicitly specified. For instance, the
command option corresponding to the parame@atalogTypeis - - SExt r act or . Cat al ogType.

The Window parameter has no counterpart in the SExtractor configurdtie, and is used to restrict the
SExtractor operations to just a part of the input image. Thiseful to avoid false detections along the vignetted
image region.

A more complete description of the parameters not belongintge SExtractor group is given here:
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File name DO category Type | Explanation

img_star_match_table.fits IMG_STAR_MATCH_TABLE | FITS | List of identified standard star
img_standard_reduced.fitsIMG_STANDARD REDUCED| FITS | Reduced standard stars field
img_galaxy_table.fits IMG_GALAXY_TABLE FITS | List of detected objects

[72)

Table 6.8.4Products of the vmimstandard recipe.

Column name | Explanation

NUMBER Object number in SExtractor output (galaxy table)

I D Star identification string, from input catalog

X | MAGE X image pixel position of matched star (SExtractor)
Y_| MAGE Y image pixel position of matched star (SExtractor)
X WORLD RA of matched star (SExtractor)

Y_WORLD Dec of matched star (SExtractor)

MAG Instrumental magnitude (SExtractor)

RA Catalog RA of matched star

DEC Catalog Dec of matched star

MAG U Catalog U magnitude of matched star

MAG B Catalog B magnitude of matched star

MAG V Catalog V magnitude of matched star

MAG R Catalog R magnitude of matched star

MAG | Catalog | magnitude of matched star

Table 6.8.5:Star match table entries.

BiasMethod: Method for bias removal from the input standard stars fielgbsxres. The bias removal proce-
dure is described in some detail in Section 8.3. Possibtmgstare:

Master: After master bias subtraction, prescan and overscan regietrimmed away from the standard
stars field frame.

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

CleanBadPixel: Bad pixel correction on the reduced standard stars fieldsxgo If this option is turned on, a
bad pixel table should be specified in the input SOF (see TaBl&). The bad pixel correction algorithm
is described in Section 8.1, page 139.

CleanCosmic: Cosmic ray events removal from input standard stars field@sxye. The cosmic ray rejection
algorithm is described in Section 8.2, page 140.

ComputeQC: If this parameter is setQuality Control (QC) parameters will be computed and written partly
to the header of the output galaxy table and partly to the éreafithe reduced standard field frame
(depending on the dataset used for their computation). Wikalso be written to two output QC PAF
files namedgqc0000. paf andgc0001. paf . These files are not classified as pipeline recipe products,
as they are intermediate datasets that in the standardn@paberations would be translated into new
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Parameter Possible values Explanation
. Master Bias removal with no overscan correction
BiasMethod . . .
Zmaster Bias removal with overscan correction
CleanBadPixel true Clean bad pixels _
false Do not clean bad pixels
CleanCosmic true Clean cosmic rays
false Do not clean cosmic rays
CosmicThreshold float Sigmas above level discriminator
CosmicRatio float Peak/neighbours discriminator
true Compute QC parameters
ComputeQC false Do not compute QC parameters
MagLimit float Max magnitude for star selection
Starindex float Index used for star/galaxy discrimination
SearchRadius float (arcsec) Search radius used in stars identification
KSigmacClip float (sigma) Sigma clipping factor used in star matching
Maglnitial float Magnitude tolerance for initial stars selection
MagFinal float Magnitude tolerance for final stars selection
MinStars int Minimum number of matching stars required
true Check beam and ambient temperatures consistency
TemperatureCheck .
false Do not check consistency of temperatures
TemperatureTolerance | float(°C) Max difference beam - ambient temperatures
true Any input image is reduced
ReduceAnyFrame false Reduce only if pointing to standard stars field
SExtractor.FilterName | file SExtractor convolution mask
SExtractor.SExtractor file SExtractor executable
SExtractor.StarNnwNamg file SExtractor neural network weights
SExtractor.Window file Image region where SExtractor is applied

Table 6.8.6 vmimstandard parameters.

entries in the QC log file. The QC parameters computedtmymstandardare the same that are computed
by the pipeline recipevmimobsstarg(see Section 6.11, page 87), with some extra ones that avetadin
to the header of the reduced standard stars field image, ahd file qc0001. paf :

QC ZEROPA NT NSTARS: Number of stars used in the frame zeropoint computation.

QC ZEROPQO NT: Gain corrected frame zeropoint. This is computed as a rasishate of the values
Z; obtained for all the identified standard stars:

Zi=AM; +E-A+C-C;

where, for a given stai, AM; is the observed difference between the catalog magnitudéhen
instrumental magnitude in the appropriate badd, is the known colour index,A is the airmass,
read from the keyword?RO Al RVASS of the input frame headet is the atmospheric extinction
coefficient at the considered band, read from the photomigthle (see Table 6.8.2), and is the
colour term. The estimate’ is computed using a biweight estimator function taken fromRostat
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program written by T.Beers for robust statistics on a datqsse Beers, Flynn, Gebhardt 1990, AJ
100, 32). This estimate is then corrected for the instrungait:

Zg = Z + 2.5log,,g

where ¢ is the CCD gain factor ine"/ADU. The Z frame zeropoint, not normalised to the gain
factor and more useful for data analysis purposes, is saveétetheader of the reduced frame at the
keyword PRO MAG ZERQO, together with its erroPRO MAGZERO RIVS.

QC ZEROPA NT RMS: Error on gain corrected frame zeropoint as obtained fronbthveight estima-
tor function.

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.

KSigmaClip: Number of sigmas used in the spatial rejection of matched.s&tars found within the specified
SearchRadiusare compared to their expected catalog positions, anddheesdf the residuals distribution
is computed. Then, all the stars having a distance from tpea®d position greater than the specified
threshold are rejected.

MagFinal: Magnitude tolerance applied to matched stars, after theyis clipping has been applied. The
stars magnitudes should not differ from the correspondatglog magnitudes more than this value.

Maglnitial: Magnitude tolerance applied in star matching.
MagLimit: Limiting magnitude of objects to be matched with the staddaars from the input catalog.
MinStars: Minimum required number of stars for the creation of a statam#able.

ReduceAnyFrame: Normally the vmimstandardrecipe would attempt to reduce any dataset classified as a
standard stars field exposure. However, during the timgatibn-line processing, it may be appropriate
not to reduce systematically all the incoming frames. Thidecause the same standard stars field is
exposed once for each VIMOS quadrant, and to reduce imagestfre temporarily unused quadrants is
not a requirement. Setting this parameterfédse would prevent the processing of such images. For an
off-line processing this parameter would be typically setrue.

SearchRadius: Max distance (in arcseconds) from the expected positioncatalog star.

Starindex: This index can have a value between 0 (minimal stellarityy Animaximal stellarity). Only the
identified objects having a stellarity index greater tham specified value will be taken as stars, to be
matched with the standard stars from the input catalog.

TemperatureCheck: For associating the detected stars with the referenceocgttieir coordinates must be
corrected applying the CCD to Sky distortion corrected foamges in the beam temperature (see Sec-
tions 7.2.2 and 8.17). If this parameter is set, the beam ¢eatyre is compared with the temperatures
of the other beams and with the ambient temperature. If tfierdihce between the beam temperature
and the ambient temperature is greater than the thresheldfigel by TemperatureTolerangethen the



Doc: VLT-MAN-ESO-19500-3355
ESO VIMOS Pipeline User Manual | /Ssue: Issue 5.
Date: Date 2009-07-07
Page: 84 of 188

temperature used will be the mean of the beams temperatesliffer from the ambient temperature
less than the specified threshold. If not a single beam teatyreris within tolerance, then the ambient
temperature is used in place of the beam temperature. Thtiaopas just introduced to prevent possible
problems with the beam temperature sensors.

TemperatureTolerance: Max tolerated difference between ambient and beam tempegatThis parameter is
effective only if TemperatureChecks set.

A description of the algorithms used in this recipe is giversiction 8.18, page 153.

6.9 vmimcalphot

The VIMOS pipeline recipevmimcalphotis used to determine night zeropoints, atmospheric extinatoef-
ficients, and colour terms, from a set of star match tableduywred by the recipevmimstandard(see Section
6.8, page 79). The star match tables may refer to differamdstrd star fields, but they must all be derived from
exposures made with the same filter and the same quadrant.

The files to be included in the input SOF are all listed in Tahi1.

DO category Type Explanation Required
IMG_STAR_MATCH_TABLE | Pipeline product List of identified standard stars ~ +/
PHOTOMETRIC_TABLE Calibration Photometric table Vv

Table 6.9.1Input files for the vmimcalphot recipe.

The standard photometric tables in the calibration dindesoare named pc_f. ¢. tfits (wheref is the
filter name and; the quadrant number).

The only product of this recipe is an upgraded PHOTOMETRIEBIE (Table 6.8.2, page 80), carrying the
newly computed zeropoint, and, if requested, new extinciod colour coefficients.

File name DO category Type | Explanation
photometric_table.fits PHOTOMETRIC_TABLE| FITS | Upgraded photometric tablg

Table 6.9.2:Product of the vmimcalphot recipe.

The vmimcalphotparameters are listed in Table 6.9.3.

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

ColorTerm: If both this and theExtinction parameters are set, the difference between the catalogituagn
and the instrumental magnitude of all stars is seen as aifunof the airmass and of the star colour
index; a first order bivariate linear fit is then made to desiraultaneously the extinction coefficient and
the colour term (beside the magnitude zeropoint). Altévedt, if Extinction is false, the difference
between the catalog magnitude and the instrumental malgnitiseen just as a function of the star
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Parameter Possible values| Explanation
Extinction true Compute the extinction coefficient
false Do not compute the extinction coefficient
true Compute the colour term
ColorTerm
false Do not compute the colour term
true Use colour term in zeropoint computation
UseColorTerm . . .
false Do not use colour term in zeropoint computatipn

Table 6.9.3vmimcalphot parameters.

colour index, and in this case a linear fit between colourxnaded magnitude difference is made. If
the computation of the extinction coefficient is requestadgast four star match tables obtained from
observations at different airmasses should be specifietpinti Otherwise, it is advisable to specify just
one input star match tablé.€., with all stars at the same airmass), containing at least gtars with
different colour indexes.

Extinction: The case in which both this and th€olorTerm parameters are set is described above. Alter-
natively, if ColorTerm is false, the difference between the catalog magnitude hednistrumental
magnitude is seen just as a function of the star airmass, ratiis case a linear fit between airmass
and magnitude difference is made. At least four star matolesaobtained from observations made at
different airmasses should be specified in input.

UseColorTerm: This parameter is only effective if both théolorTerm and theExtinction parameters are off.
In this case, before being averaged, the difference betweenatalog magnitude and the instrumental
magnitude is corrected for the atmospheric extinctionhdf UseColorTermparameter is set, the mag-
nitude difference is also corrected for the colour index attestar. The estimates of the colour and the
atmospheric extinction coefficients used for these cdoestare read from the input photometric table.

A description of the algorithms used in this recipe is giversection 8.19, page 153.

6.10 vmimpreimaging

The VIMOS pipeline recipevmimpreimagingis used to apply basic reduction steps to the imaging obsenva
that is preliminary to a MOS observation of the same field. blaree detection is attempted on the image. The
image WCS, together with the component describing theunstnt optical distortions (see Section 7.2.2, page
132), is converted into the convention followed by VMMP SS(MIMOS mask preparation software). This set
of coefficients, the so-called CO-matrix used by the SAO W& package [10], is written to the header of
the reduced image.

The files to be included in the input SOF are listed in Tabl®a.1

The bad pixel table needs to be specified only if the cleanitgad pixels is requested. If a photometric table is
specified, the magnitude zeropoint, the atmospheric gxdmcoefficient, and the colour term (see Table 6.8.2,
page 80) are copied from the photometric table to the heddbeaeduced image.

The products of thevmimpreimagingrecipe are shown in Table 6.10.2.
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DO category Type Explanation Required
IMG_PREIMAGING Raw frame| Preimaging exposure vV
MASTER_BIAS Calibration | Master bias vV
IMG_MASTER_SKY_FLAT | Calibration| Master sky flat field vV
CCD_TABLE Calibration | Bad pixel table
PHOTOMETRIC_TABLE Calibration | Photometric table
Table 6.10.1input files for the vmimpreimaging recipe.
File name DO category Type | Explanation
img_science_reduced.fitsIMG_SCIENCE_REDUCED FITS | Reduced preimaging exposufe

Table 6.10.2Product of the vmimpreimaging recipe.

The vmimpreimagingparameters are listed in Table 6.10.3.

2ncy

Parameter Possible values| Explanation
. Master Bias removal with no overscan correction
BiasMethod . ) .
Zmaster Bias removal with overscan correction
. true Clean bad pixels
CleanBadPixel P .
false Do not clean bad pixels
. true Clean cosmic rays
CleanCosmic y .
false Do not clean cosmic rays
CosmicThreshold float Sigmas above level discriminator
CosmicRatio float Peak/neighbours discriminator
true Check beam and ambient temperatures consistg
TemperatureCheck .
false Do not check consistency of temperatures
TemperatureTolerancefloat (°C) Max difference beam - ambient temperatures

Table 6.10.3vmimpreimaging parameters.

A more complete description of the parameters is also giwza:h

some detail in Section 8.3. Possible settings are:

Master: After master bias subtraction, prescan and overscan regiamtrimmed away from the input

frame.

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

overscan regions.

Section 8.1, page 139.

BiasMethod: Method for bias removal from the input exposure. The biasohprocedure is described in

CleanBadPixel: Bad pixel correction on the reduced exposure. If this opttoturned on, a bad pixel table
should be specified in the input SOF (see Table 6.8.1). The@baticorrection algorithm is described in
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CleanCosmic: Cosmic ray events removal from input raw frame. The cosmycregection algorithm is de-

scribed in Section 8.2, page 140.

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. phimmeter is effective when

CleanCosmicis set.

TemperatureCheck: The Sky to CCD distortion models (see 7.2.2, page 132) mayinedo be corrected
for thermal expansion effects on the camera and the CCDydefanverting them into the CO-matrix
convention. If this parameter is set, the beam temperasurernpared with the temperatures of the other
beams and with the ambient temperature. If the differenteden the beam temperature and the ambient
temperature is greater than the threshold specified&nperatureTolerangethen the temperature used
will be the mean of the beams temperatures that differ fravathbient temperature less than the specified
threshold. If not a single beam temperature is within taleea then the ambient temperature is used in
place of the beam temperature. This option was just intreduo prevent possible problems with the

beam temperature sensors.

TemperatureTolerance: Max tolerated difference between ambient and beam tempegatThis parameter is
effective only if TemperatureChecls set.

A description of the algorithms used in this recipe is giversiction 8.20, page 153.

6.11 vmimobsstare

The VIMOS pipeline recipevmimobsstareis used to apply basic reduction steps to one exposure made in
direct imaging mode. SExtractor v2.1.6 [8] is run on the @tlimage, producing a table of detected objects
with their instrumental magnitudes, their celestial andg® coordinates, and their stellarity index. The image
WCS, together with the component describing the instrurogtital distortions (see Section 7.2.2, page 132),
is converted into the convention followed by VMMPS (the VI8Onask preparation software). This set of
coefficients, the CO-matrix used in the SAO WCSTools pacKa@g is written to the header of the reduced

image.

The files to be included in the input SOF are listed in Tabld 8.1

DO category Type Explanation Required
IMG_SCIENCE Raw frame| Science exposure Vv
MASTER_BIAS Calibration | Master bias vV
MASTER_DARK Calibration | Master dark
IMG_MASTER_SKY_FLAT | Calibration| Master sky flat field vV
CCD_TABLE Calibration | Bad pixel table
PHOTOMETRIC_TABLE Calibration | Photometric table

Table 6.11.1input files for the vmimobsstare recipe.
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The bad pixel table needs to be specified only if the cleaningad pixels is requested. In the calibration
directories there is one CCD_TABLE file for each quadrantned badpi xel . ¢q. t fi t s (wheregq is the
quadrant number). Care should be taken in selecting theppate bad pixel tables for the imaging instrument
mode (in the case of spectral dat&s the quadrant number increased by 4).

If a photometric table is specified, the magnitude zeropdhmt atmospheric extinction coefficient, and the
colour term (see Table 6.8.2, page 80) are copied from theopiedric table to the header of the reduced image.
The standard photometric tables in the calibration dindesoare named pc_f. ¢. tfits (wheref is the
filter name and; the quadrant number).

The products of thevmimobsstarerecipe are shown in Table 6.11.2.

File name DO category Type | Explanation
img_science_reduced.fitsIMG_SCIENCE_REDUCED FITS | Reduced imaging exposule
img_galaxy_table.fits IMG_GALAXY_TABLE FITS | List of detected objects

Table 6.11.2Product of the vmimobsstare recipe.

The galaxy table is the output of SExtractor [8] convertet IRITS format, and it is shown in Table 6.11.3.
The content of this table is defined within the VIMOS pipellDBS, with the only intent of serving the purpose
of the involved pipeline recipes. Some of the table colunisted contain data necessary for the computation
of QC parameters (see ahead), while objects positions amghitndes are necessary for the identification of
standard photometric and astrometric stars in n@mstandardand the vmskyccdrecipes. For a customised
output it is always possible to run SExtractor separatdtgr @onfiguring the native SExtractor parameter files.
For a complete explanation of the output parameters pledseto the SExtractor documentation (that can be
foundin http://terapix.iap.fr/rubrique. php?i d_rubrique=91/i ndex. htm ).

The vmimobsstareparameters are listed in Table 6.11.4. Only few parametaled&GExtractor group are listed
here: almost all entries of the SExtractor configuration fik’l PE_HOVE/ vi nos/ confi g/ vi nDs. sex,
can be overruled by the SExtractor group parameter valussfegd in thevm nmobsst ar e. r ¢ configuration
file. Conventionally, a SExtractor configuration parametame matches thevmimobsstare configuration
parameter obtained by lowercasing all of its characters thié exception of the first character of each word, and
removing the underscore. For instance, the SExtractonpatier CATALOG_TYPE matches thevmimobsstare
parameter CatalogType When using the corresponding command line option, the I8Exdr group must
be explicitly specified. For instance, the command optiomesponding to the parameteCatalogType is
--SExtract or. Cat al ogType.

The Window parameter has no counterpart in the SExtractor configurdtie, and is used to restrict the
SExtractor operations to just a part of the input image. Thiseful to avoid false detections along the vignetted
image region.
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Column name

Explanation

NUVBER

MAG | SOCOR
MAGERR | SOCOR
MAG_APER
MAGERR APER
MAG_AUTO
MAGERR AUTO
MAG BEST
MAGERR BEST
X_| MAGE

Y_| MAGE
X_WORLD
Y_WORLD

| SOAREA WORLD
A | MAGE

B_| MAGE

A VORLD
B_WORLD
FVWHM | MAGE
FVWHM_ WORLD
THETA_| MAGE
ERRTHETA | MAGE
ELLI PTICI TY
CLASS_STAR
FLAGS

Object number

Corrected isophotal magnitude

RMS error on corrected isophotal magnitude
Fixed-aperture magnitude

RMS error on fixed-aperture magnitude
Automatic-aperture magnitude

RMS error on automatic-aperture magnitude
MAG_AUTO:If no neighbours, otherwis®AG | SOCOR
Error on instrumental magnitude

Object X pixel position

Object Y pixel position

Object RA

Object Dec

Area of lowest isophote (arcsdc

2" order moment along the major axis (pixel)
2" order moment along the minor axis (pixel)
2" order moment along the major axis (arcsec)
2"¢ order moment along the minor axis (arcsec)
FWHM (pixel) of mean radial profile (gaussian fit)
FWHM (arcsec) of mean radial profile

PA of major axis (counter-clockwise from X axis)
Error on Position Angle

1 - B IMAGE/ A I MAGE

Stellarity index, 0.0 = galaxy, 1.0 = star
Extraction flag, different from 0 in case of error

Table 6.11.3Galaxy table entries.
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Parameter Possible values Explanation
. Master Bias removal with no overscan correction
BiasMethod . . .
Zmaster Bias removal with overscan correction
CleanBadPixel true Clean bad pixels _
false Do not clean bad pixels
CleanCosmic true Clean cosmic rays
false Do not clean cosmic rays
CosmicThreshold float Sigmas above level discriminator
CosmicRatio float Peak/neighbours discriminator
true Check beam and ambient temperatures consistency
TemperatureCheck .
false Do not check consistency of temperatures
TemperatureTolerance | float(°C) Max difference beam - ambient temperatures
Starindex float Min stellarity index for stars selection
true Compute QC parameters
ComputeQC false Do not compute QC parameters
SExtractor.FilterName | file SExtractor convolution mask
SExtractor.SExtractor file SEXxtractor executable
SExtractor.StarNnwNamg file SExtractor neural network weights
SExtractor.Window file Image region where SExtractor is applied

Table 6.11.4vmimobsstare parameters.

A more complete description of the parameters not belontgirthe SExtractor group is given here:

BiasMethod: Method for bias removal from the input exposure. The biasohprocedure is described in
some detail in Section 8.3. Possible settings are:

Master: After master bias subtraction, prescan and overscan regiontrimmed away from the input
frame.

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

CleanBadPixel: Bad pixel correction on the reduced exposure. If this opttoturned on, a bad pixel table
should be specified in the input SOF (see Table 6.8.1). Theizaticorrection algorithm is described in
Section 8.1, page 139.

CleanCosmic: Cosmic ray events removal from input raw frame. The cosmycregection algorithm is de-
scribed in Section 8.2, page 140.

ComputeQC: If this parameter is setQuality Control (QC) parameters will be computed and written partly
to the header of the output galaxy table and partly to the éreafithe reduced standard field frame
(depending on the dataset used for their computation). Wikalso be written to two output QC PAF
files namedqc0000. paf andqc0001. paf . These files are not classified as pipeline recipe products,
as they are intermediate datasets that in the standardn@paberations would be translated into new
entries in the QC log file.
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The QC parameters computed from the contents of the galdoky sae based only on the objects with
FLAGS = 0. In particular, all the objects in the galaxy table havangtellarity index greater than the
value specified at the paramet8tarindex are here called “stars” for simplicity:

QC | MAGE QUALI TY: Theimage quality is computed as a robust estimate of thenmes FWHM WORLD
of all the stars in the galaxy table. Starting from the medialne of FWHM WORLD, the standard
deviation from this value is used to exclude outliers, anddmpute an improved estimate of the
seeing. This operation is then iterated, up to four times.

QC | MAGE QUALI TY ERRCOR: The error on QC | MAGE QUALI TY s given as the population
standard deviation of th&WHM WORLD values contributing to the final mean.

QC STAR COUNT: Number of stars in galaxy table.
QC STELLARI TY MEAN: Mean stellarity index of all objects in the galaxy table.

QC STELLARI TY RMS: Population standard deviation of the stellarity indexeslbbbjects in the
galaxy table.

QC STAR STELLARI TY MEAN:. Mean stellarity index of all stars in the galaxy table.

QC STAR STELLARI TY RMS: Population standard deviation of the stellarity indexeslb§tars in
the galaxy table.

QC STAR ELLI PTI CI TY MEAN: Mean value of the parametdeLLI PTI ClI TY of all the stars in
the galaxy table.

QC STAR ELLI PTI CI TY RVS: Population standard deviation of thELLI PTI CI TY of all the
stars in the galaxy table.

QC STAR ORI ENTATI ON MEAN: Mean orientation of star ellipses, from-90 to +90 degrees,
counted counterclockwise, with O corresponding to the indgxis. This parameter is determined
by a peak detection algorithm run on an histogram of all dsjedientations. Initially, an approxi-
mate position of the most probable orientation is deterdhifféhen a new histogram is built, centred
on this position and with a number of bins dependent on thebeurof objects available, and a more
accurate peak detection algorithm is run again. If no pedkiscted, this parameter is assigned the
value zero, associated to an error 4D0 degrees (this is good for plots).

QC STAR ORI ENTATI ON RMS: Sigma of mean orientation of star ellipses. This is the uag®y
on the position of the maximum of a gaussian fit to the detepseadk. If no peak were detected, this
parameter would be assigned the value of 90 degrees.

QC MAGLI M Limiting magnitude. All the stars in the galaxy table arees&td, and a histogram of their
magnitudes is built. Bin sizes from 0.1 up to 1.0 magnitudesréed, until the most populated bin
contains at least 20 stars. The position of the most poplilaiteis taken as the limiting magnitude.
If the 20 stars level for the highest bin is never reached|ithidng magnitude value is set to 0.0.

QC MAGLI M ERROR: The error is taken as the value of the bin size of the histoguaed in the
determination of the limiting magnitude. If no limiting maigude were found, the error would be
set to 0.0.

The only QC parameters computed from the reduced image aréllowing, and are written to the
header of the reduced image itself:
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QC SKYBACK: The sky background (in ADU/s) is evaluated dividing the calnt600x1800 region of
the chip into 10x10 regions 160x180 pixels each. For eaclometipe median level is computed.
The mean of the 10 lowest values obtained is the estimatitimeasky background level. This value
is scaled to the unit of time.

QC SKYBACK ERROR: The error onQC SKYBACK is taken as the population RMS of the 10 values
used in the estimation of the sky background level.

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.

Starindex: This parameter is only effective whe@omputeQC is set. All the galaxy table objects with a
stellarity index greater than the specified value are takestas.

TemperatureCheck: The Sky to CCD distortion models (see 7.2.2, page 132) mayinedo be corrected
for thermal expansion effects on the camera and the CCDydefanverting them into the CO-matrix
convention. If this parameter is set, the beam temperasurernpared with the temperatures of the other
beams and with the ambient temperature. If the differenteden the beam temperature and the ambient
temperature is greater than the threshold specified&nperatureTolerangethen the temperature used
will be the mean of the beams temperatures that differ fravathbient temperature less than the specified
threshold. If not a single beam temperature is within taleea then the ambient temperature is used in
place of the beam temperature. This option was just intreduo prevent possible problems with the
beam temperature sensors.

TemperatureTolerance: Max tolerated difference between ambient and beam tempegatThis parameter is
effective only if TemperatureChecls set.

A description of the algorithms used in this recipe is giversection 8.21, page 154.
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6.12 vmimobsijitter

The VIMOS pipeline recipevmimobsijitter is used to apply basic reduction steps to a sequence of engsosu
made in direct imaging mode, and to combine them in a singkgenEach input image is processed in the same
way as by recipevmimobsstare therefore what characterises tivenimobsijitter is just the final combination

of the input frames, and the optional sky fringing removal.

The input and the output files are the same listed for the eegipimobsstarein the Tables 6.11.1 and 6.11.2,
page 87. The only exception is the sky fringes mapG _FRI NCGES, that is additionally created bymimob-
sjitter when the fringing correction is requested.

The vmimobsijitter parameters are listed in Table 6.12.1.

Parameter Possible values| Explanation
. Master Bias removal with no overscan correction

BiasMethod . . )

Zmaster Bias removal with overscan correction
CleanBadPixel true Clean bad pixels _

false Do not clean bad pixels
FringingCorr true Apply sky fringing gorrection _

false Do not apply sky fringing correction
Resampling B?Line_ar P?xel value b?linegr _interpolat_ion

BiCubic Pixel value bicubic interpolation

Average Average combination of reduced images

Median Median combination of reduced images
StackMethod MinMax Min-max combination of reduced images

Ksigma K-sigma clipping combination of reduced images

Auto Optimal combination of reduced images
KSigmalLow float (sigma) Low threshold for K-sigma clipping method
KSigmaHigh float (sigma) High threshold for K-sigma clipping method
MaxRejection int Number of highest values excluded in rejection stack method
MinRejection int Number of lowest values excluded in rejection stack method

true Check beam and ambient temperatures consistency
TemperatureCheck .

false Do not check consistency of temperatures
TemperatureTolerance | float(°C) Max difference beam - ambient temperatures
Starindex float Min stellarity index for stars selection

true Compute QC parameters
ComputeQC false Do not compute QC parameters
SExtractor.FilterName file SExtractor convolution mask
SExtractor.SExtractor file SExtractor executable
SExtractor.StarNnwName file SExtractor neural network weights
SExtractor.Window file Image region where SExtractor is applied

Table 6.12.1vmimobsijitter parameters.

Only few parameters of the SExtractor group are listed hairmpst all the entries of the SExtractor configura-
tion file, $PI PE_HOVE/ vi nos/ conf i g/ vi nos. sex, can be overruled by the SExtractor group parameter



Doc: VLT-MAN-ESO-19500-3355
ESO VIMOS Pipeline User Manual | /Ssue: Issue 5.
Date: Date 2009-07-07
Page: 94 of 188

values specified in thevni nobsj i tter.rc configuration file. Conventionally, a SExtractor configioat
parameter name matches thenimobsjitter configuration parameter obtained by lowercasing all of itare
acters with the exception of the first character of each wandl removing the underscore. For instance, the
SExtractor parametelCATALOG _TYPE matches thevmimobsstareparameter CatalogType When using
the corresponding command line option, the SExtractor growist be explicitly specified. For instance, the
command option corresponding to the paramefatalogTypeis - - SExt r act or. Cat al ogType.

The Window parameter has no counterpart in the SExtractor configurdtie, and is used to restrict the
SExtractor operations to just a part of the input image. Thiseful to avoid false detections along the vignetted
image region.

A more complete description of the parameters not belongintge SExtractor group is given here:

BiasMethod: Method for bias removal from the input exposures. The biasoral procedure is described in
some detail in Section 8.3. Possible settings are:

Master: After master bias subtraction, prescan and overscan regimntrimmed away from the input
frames.

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

CleanBadPixel: Bad pixel correction on each reduced exposure, before amatibn. If this option is turned
on, a bad pixel table should be specified in the input SOF (sbée16.8.1). The bad pixel correction
algorithm is described in Section 8.1, page 139.

ComputeQC: If this parameter is setQuality Control (QC) parameters will be computed. The QC param-
eters are computed on the combined image, and are the saaragiars that are computed in recipe
vmimobsstare(see Section 6.11, page 87).

FringingCorr: Sky fringing removal from product frame. If this parametesét, a sky+fringe map is generated
by median-stacking all the bias subtracted input raw franiég image, containing both fringes and mean
sky level, is finally subtracted from each input frame. Aftais, the data reduction proceeds in the usual
way.

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

Resampling: Method used for interpolating pixel values from a singleusetl frame to the common pixelisa-
tion defined for the combined image. Possible settings are:

BiLinear: Bilinear interpolation.
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BiCubic: Bicubic interpolation.

StackMethod: Method used for combination of reduced images. See SectiofoBa complete description of
all the combination methods. Possible settings are:

Auto: Given the number of input frames, an optimal frame combamathethod is selected. Currently
this is always going to the methathAverage”.

Average: The combined frame is the mean of the input frames.

Ksigma: The combined frame is the mean of the input frames, aftergiraiscreening of pixel values.
The number of sigma to be applied in the rejection is specifiethe parameter&KSigmalLowand
KSigmaHigh

Median: The combined frame is the median of the input frames.

MinMax: The combined frame is the mean of the input frames, aftectieje of minimum and max-
imum values. The number of values to reject is specified byprameters MinRejection and
MaxRejection

Starindex: This parameter is only effective whe@omputeQC is set. All the galaxy table objects with a
stellarity index greater than the specified value are takestaxs.

TemperatureCheck: The Sky to CCD distortion models (see 7.2.2, page 132) mayinedo be corrected
for thermal expansion effects on the camera and the CCDydefanverting them into the CO-matrix
convention. If this parameter is set, the beam temperasurernpared with the temperatures of the other
beams and with the ambient temperature. If the differenteden the beam temperature and the ambient
temperature is greater than the threshold specified&nperatureTolerangethen the temperature used
will be the mean of the beams temperatures that differ fraavathbient temperature less than the specified
threshold. If not a single beam temperature is within toieea then the ambient temperature is used in
place of the beam temperature. This option was just intreduo prevent possible problems with the
beam temperature sensors.

TemperatureTolerance: Max tolerated difference between ambient and beam tempegatThis parameter is
effective only if TemperatureChecls set.

A description of the algorithms used in this recipe is giversection 8.22, page 154.

6.13 vmspflat

The VIMOS pipeline recipevmspflat is used to create the MOS normalised master flat field from afset
MOS flat field exposures. A not normalised master flat field $® abquired by the recipezmspcaldispto
determine the spatial curvature model (see Section 7.8dge £35). The recipemspflatdoes compute its own
curvature model, but this is generally incompatible witk thavelength calibration and the optical distortion
models computed bywmspcaldisp For this reason this curvature model is just used inteynalthe process
of flat field normalisation, where the compatibility with thé component of the optical distortion model is
irrelevant (see Sections 7.3.2 through 7.3.4).

The files to be included in the input SOF are listed in Tabl@A.1
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DO category Type Explanation Required

MOS_SCREEN_FLAT| Raw frame | Flat field exposures Vv

MASTER_BIAS Calibration | Master bias vV

MASTER_DARK Calibration | Master dark

GRISM_TABLE Calibration | Grism table vV

CCD_TABLE Calibration | Bad pixel table

Table 6.13.11nput files for the vmspflat recipe.

At least one raw flat field exposure should be present in thetiS@F. The acquisition of input flat fields may
be done using different mask shutter settings (to avoidarnintation between different spectral orders in LR
grisms used with multiplexed masks, see Figure 6.14.1, p@ge The vmspflatrecipe will properly combine
all the input frames according to a specified metkbd.

The bad pixel table needs to be specified only if the cleaningad pixels is requested. In the calibration
directories there is one CCD_TABLE file for each quadranthed badpi xel . ¢q. t fit s (wheregq is the
quadrant number increased by 4). Care should be taken intisglehe appropriate bad pixel tables for the
spectral instrument mode (in the case of imaging ddtathe quadrant number).

The grism table is required by all VIMOS pipeline MOS recipétscontains necessary information to control
the way spectra are extracted, and the determination ofietral distortion models. Themspflatrecipe gets
from the grism table the wavelength that should be used asamée (header entriPRO WLEN CEN), and the
spectrum extension in CCD pixels above and below the paogitithe reference wavelength (header entigO
SPECT LLEN LO and PRO SPECT LLEN HI) (see Figure 7.3.1, page 136). In the calibration direesori
there is one GRISM_TABLE file for each quadrant/grism corabion, namedgr s_grism. ¢q. tfits (where
grism is the grism name, anglis the quadrant number).

The products of thevmspflatrecipe are shown in Table 6.13.2.

File name DO category Type | Explanation
mos_master_screen_flat.fits | MOS_MASTER_SCREEN_FLAT | FITS | Normalised flat field
mos_combined_screen_flat.fitsMOS_COMBINED_SCREEN_FLAT FITS | Total flat field
vmCrvOpty.paf PAF | CRV and OPT models

Table 6.13.2Products of the vmspflat recipe.

The PAF file just contains the curvature and the optical disto models computed in the process of spectra
normalisation. Such models are available just for debugqmes, and are not to be used in further data reduction
steps.

UThis has not yet been tested with real data.
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The vmspflatparameters are listed in Table 6.13.3.

od

Parameter Possible values Explanation
. Master Bias removal with no overscan correction
BiasMethod . . .
Zmaster Bias removal with overscan correction
CleanBadPixel true Clean bad pixels _
false Do not clean bad pixels
CleanCosmic true Clean cosmic rays
false Do not clean cosmic rays
true Compute QC parameters
ComputeQC false Do not compute QC parameters
Average Model flat field trends by average filtering
FlatMethod Median Model flat field trends by median filtering
Polynomial Model flat field trends by polynomial fitting
Fuzz int (pixel) Extra X pixels in spectral extraction
KSigmalLow float Low threshold for K-sigma clipping stack method
KSigmaHigh float High threshold for K-sigma clipping stack method
MaxRejection | int Number of highest values excluded in rejection stack method
MinRejection int Number of lowest values excluded in rejection stack meth
PolyOrderX float Degree of polynomial forX trend removal
PolyOrderY float Degree of polynomial forY” trend removal
SmoothBoxSize int Filter box size used in trend removal
Average Combined flat field is the average of the input frames
StackMethod Kgigma Flat f?elds are comb?ned W?th a K—_sigma clippir!g method
MinMax Flat fields are combined with a min-max rejection method
Median Flat fields are combined with a median method
Auto Optimal combination of input images

Table 6.13.3vmspflat parameters.

A more complete description of the used parameters measigiyén here:

described in some detail in Section 8.3. Possible settirgs a

BiasMethod: Method for bias removal from the input spectral flat field fesnThe bias removal procedure is

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

frame.

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

CleanBadPixel: Bad pixel correction on the output master spectral flat fifithis option is turned on, a bad

pixel table should be specified in the input SOF (see Tablg 5)1The bad pixel correction algorithm is
described in Section 8.1, page 139.

algorithm is described in Section 8.2, page 140.

CleanCosmic: Cosmic ray events removal from input raw spectral flat fiebdrfes. The cosmic ray rejection
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ComputeQC: If this parameter is setQuality Control (QC) parameters will be computed and written to the
header of the output normalised master flat field and to anub @& PAF file namedgc0000. paf .
This file is not classified as a pipeline recipe product, as #n intermediate dataset that in the standard
pipeline operations would be translated into new entrighenQC log file. Currently the QC parameters
computed byvmspflatare:

QC MOS SLI'T W DTH: Width (in mm) of slit closest to mask centre.

QC MOS FLAT FLUX: The position of the slit closest to the mask centre is detseohi For this slit
the position of the reference wavelength is determinedyapplthe available spectral distortion
models. The total counts in the rectangular region long asstii length in pixels, 5 CCD pixels
wide, and centred at the reference wavelength positiontherebias subtracted and divided by the
area of the slit and by the exposure time. The flux is given irdAD 'mm 2.

QC MOS FLAT FLUXERR: The total counts in the rectangular region where the flux vesrchined
are square-rooted, and then normalised to the unit of ardéirae.

FlatMethod: Method used in modeling each slit spectrum, for removingléinge scale trends related to the
CCD intrinsic response with changing wavelength. Possibténgs are:

Average: Average filter. The smooth box is defined by the param&msroothBoxSize
Median: Median filter. The smooth box is defined by the parame&enoothBoxSize

Polynomial: Polynomial fitting of spectrum. This method gives generdifd results, and its use is
not advisable. The order of the fitting polynomial is spedifiy the parameter$olyOrderX and
PolyOrderY

Fuzz: Extra number ofX CCD pixels, to be added at the spectra sides during the éwinad his parameter is
just used when flat fields acquired with different mask shyibsitions are input to the recipe (see Section
8.23, page 155).

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 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” .

PolyOrderX: Degree of polynomial used for fitting the flat spectrum in these-dispersion direction. Used if
FlatMethod is set to “Polynomial”.

PolyOrderY: Degree of polynomial used for fitting the flat spectrum in tigpdrsion direction. Used iFlat-
Method is set to “Polynomial”.

SmoothBoxSize: Size of the running box used for smoothing, expressed as euailpixels along the disper-
sion direction. This parameter is ignoredflatMethod is set to “Polynomial”.
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StackMethod: Combination method of input flat fields taken with the sameknsasitters position. See Section
8.6 for a complete description of all the combination methdelossible settings are:

Auto: Given the number of input frames, an optimal frame combimathethod is selected. Currently
this is always going to the methothverage”.

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

Ksigma: The combined flat field is the mean of the input frames, aftsidfra screening of pixel values.
The number of sigma to be applied in the rejection is spechiiethe parameter&KSigmalLowand
KSigmaHigh

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

MinMax: The combined flat field is the mean of the input frames, affectmn of minimum and max-
imum values. The number of values to reject is specified byprameters MinRejection and
MaxRejection

A description of the algorithms used in this recipe is giversection 8.23, page 155.

6.14 vmspcaldisp

The VIMOS pipeline recipevmspcaldispis used to determine all the spectral distortions and toansdtions
(see Section 7.3, pages 133-138) from an arc lamp exposdra aambined flat field produced by the recipe
vmspflat

The files to be included in the input SOF are listed in Tablda.1

DO category Type Explanation Required
MOS_ARC_SPECTRUM Raw frame| Arc lamp exposure vV
MASTER_BIAS Calibration | Master bias Vv
MASTER_DARK Calibration | Master dark

MOS_MASTER_SCREEN_FLAT | Calibration| Normalised flat field
MOS_COMBINED_SCREEN_FLAT Calibration| Combined flat field

GRISM_TABLE Calibration | Grism table vV
LINE_CATALOG Calibration | Line catalog Vv
EXTRACT_TABLE Calibration | Extraction table
CCD_TABLE Calibration | Bad pixel table

Table 6.14.1input files for the vmspcaldisp recipe.

At least one raw arc lamp exposure should be present in the BPF. In general the acquisition of input arc
lamp exposures may be done using different mask shutteng®ifto avoid contamination between different
spectral orders in LR grisms used with multiplexed masks, Kgure 6.14.1, page 105). Themspcaldisp
recipe will properly combine all the input frames accordiog specified methotf.

12This has not yet been tested with real data.
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The normalised and the combined flat fields are the produt¢teotcipevmspflatrun on flat field data obtained
with the same mask. Neither of them is required for runnvmspcaldisp but if a combined flat field is not
given then no spatial curvature model can be computed, aficsshguess” is used in its place. A normalised
master flat field needs to be specified only if a flat field coroecis requested.

The bad pixel table needs to be specified only if the cleaningad pixels is requested. In the calibration
directories there is one CCD_TABLE file for each quadrantned badpi xel . ¢q. t fit s (wheregq is the
quadrant number increased by 4). Care should be taken intisglehe appropriate bad pixel tables for the
spectral instrument modes (in the case of imaging dasahe quadrant number).

An extraction table produced by previous runswahspcaldisp(see below) may be specified in input. In this
way, the global spectral distortion models it carries wooddused as first-guesses, instead of those carried in
the arc lamp exposure header. This would allow to easilgnigethe distortion models computed by this recipe,
till the desired accuracy is reached.

The grism table is required by all VIMOS pipeline MOS recipétscontains necessary information to control
the way spectra are extracted and the determination of #tertion models. Thevmspcaldisprecipe gets from

the grism table the wavelength that should be used as refe(deader entyPRO WLEN CEN), and the spec-
trum extension in CCD pixels above and below the positiorhefreference wavelength (header entrieRO
SPECT LLEN LO and PRO SPECT LLEN HI) (see Figure 7.3.1, page 136). Other parameters, used in the
construction of the extracted arc lamp slit spectra (sed¢eT@li4.2), are the start and the end wavelength of the
image containing the extracted spectra (header en®?iR® W.EN START and PRO WLEN END), and the
step of the sampling along the dispersion direction (headnty PRO WLEN | NC). In the calibration direc-
tories there is one GRISM_TABLE file for each quadrant/grisombination, namedyr s_grism. q. tfits
(wheregrism is the grism name, anglis the quadrant number).

The line catalogues in the calibration directories are aBmed | cat _grism. ¢. tfi t s although there is
not a real dependency from the quadrant number.

All the products of thevmspcaldisprecipe are shown in Table 6.14.2.

File name DO category Type | Explanation
extract_table.fits EXTRACT_TABLE FITS | Extraction table
mos_arc_spectrum_extracted.ftdMOS_ARC_SPECTRUM_EXTRACTED FITS | Extracted slit spectra
MOS_wavecalgrism_g.paf PAF | Distortion models

Table 6.14.2Products of the vmspcaldisp recipe.

The primary recipe product is the extraction table, thattaims information about the local and the global
modeling of the spectral distortions. On Table 6.14.3 thamireg of each table column is given (some of the
columns are not listed, since they are not used yet). Colurhalds the position of any spectral row (see Figure
7.3.1, page 136) in the produced image of extracted spéltta(x, y) mask coordinates matching tHe&,Y")
CCD coordinates (as derived by applying the optical disinrtmodel, see Section 7.3.2), corresponding to a
point on a slit, are also listed in columns MASK_X, MASK_Y, DCX, and CCD_Y. The “local” curvature
model coefficients are extracted from the global curvatwlet®n. In fact, a local curvature model can be
computed just where a slit spectrum edge is detected. Glyrtee column CRVPOL_RMS is left unused, and
in future it will be likely filled just for the first and the lagbw of each slit spectrum (see Figure 7.3.1, page
136). The local IDS coefficients are not available in casefaflare of the local polynomial fit, as indicated in
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Column name | Explanation

SLIT Slit number

Y Slit row coordinate in image of extracted slit spectra
CCD_X X position of reference wavelength on CCD
CCD_.Y Y position of reference wavelength on CCD
MASK_X x mask coordinate along the slit

MASK_Y y mask coordinate along the slit

SPEC_NO Number of exposures contributing to this row
CRV_POL ith coefficient of local spatial curvature model
CRVPOL_RMS| RMS of curvature model residualarusedl
INV_DIS i ith coefficient of local IDS

INVDIS_RMS | RMS of local IDS (CCD pixel)

DIS QUAL Quiality of local IDS (1 = good, 0 = bad)

Table 6.14.3Extraction table entries.

column DIS_QUAL.

A secondary product of themspcaldisprecipe is the image of extracted slit spectra, that allowsaal check

of the distortion models quality. Failures of the spatiaivetiure model would be made apparent by widening
dark gaps between the extracted spectra: if the slit spedgas were followed accurately no gap should be
visible at any wavelength. The stability of the wavelengdhlration can be evaluated by the alignment of the
calibration lamp emission lines from all slits.

A last product is the PAF file carrying all the informationatdd to the spectral distortions. This PAF file is
copied (or moved) to the product directory, and it is idegitio the IWS configuration fileMOS_wavecal _
grism_q. cnf (where ¢ indicates the VIMOS quadrant number, agdism the grism name) that is created
in the directory wherevmspcaldispis launched.

The vmspcaldispparameters are listed in table 6.14.4.

A more complete description of the used parameters measigiyen here:

ApplyFlatField: If this parameter is set, the flat field correction is appliedhie input arc lamp frames. In this
case a normalised master flat field must be specified in the 8P& (see table 6.14.1).

ArcExtraction: This parameter is used to control the way the image of exddsslit spectra is created. Three
different methods are currently available:

Global: The slit spectra extraction is performed by applying therowpd distortion models computed
by the recipe. The global IDS models are applied in the wangtlelinearisation.

Input: The slit spectra extraction is performed by just applying ‘tlirst guess” spectral distortion mod-
els that are read from the arc lamp frame header. In this tes&rmspcaldisprecipe does not try
to fitimproved distortion models based on the available ¢ata the output VIMOS IWS configu-
ration file is just a copy of the input “first guess”).

Local: The slit spectra extraction is performed by applying therowpd distortion models computed by
the recipe. The local IDS models are applied in the waveleligearisation.
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Parameter Possible values| Explanation
: true Apply flat field correction
ApplyFlatField false sznZ)t apply flat field correction
Input Extract using first guess distortion models
ArcExtraction Local Extract using fitted models and local IDS
Global Extract using fitted models and global IDS
. Master Bias removal with no overscan correction
BiasMethod . . .
Zmaster Bias removal with overscan correction
CleanBadPixel true Clean bad pixels _
false Do not clean bad pixels
. true Clean cosmic rays
CleanCosmic .
false Do not clean cosmic rays
true Compute QC parameters
ComputeQC false Do not compute QC parameters
ExtractionWindow | int Size of arc line search window (pixel)
Fuzz int (pixel) Search radius in spectrum edge detection
ModelSlit true Model wavelength solution_ w?thin each_ slit
false Do not model local IDSs within each slit
ModelSlitOrder int Polynomial order for IDS modeling within each slit
RefinelDS true Pretuning of the first guess IDS before line identification
false Do not use pretuning of the first guess IDS
Lineldent FirstGuess L@ne @dent@f@cat@on based on first-guess moc_it_els
Blind Line identification based on pattern recognition
LineldentLevel float Threshold for peak detection

Table 6.14.4vmspcaldisp parameters.

BiasMethod: Method for bias removal from the input arc lamp exposurese blas 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 arc lamp
frame.

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

CleanBadPixel: Bad pixel correction on the combined arc lamp frame used fiical distortion and inverse
dispersion models determination. If this option is turneg @ bad pixel table should be specified in the
input SOF (see Table 6.14.1). The bad pixel correction &hlyoris described in Section 8.1, page 139.

CleanCosmic: Cosmic ray events removal from input arc lamp frames. Thengosay rejection algorithm is
described in Section 8.2, page 140.

ComputeQC: If this parameter is set, QC parameters will be computed aittew to the header of the extrac-
tion table (see Table 6.14.2) and to an output QC PAF file nagquaD00. paf . This file is not classified
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Parameter Explanation

QC MOS SLI'T W DTH Width of slit (mm)

C MOS HE LAMBDA He arc lamp line for flux determination (Angstrom)

QC MOS HE FLUX Flux at chosen He wavelength (ADdm —2s~1)

QC MOS HE FLUXERR Error on flux at chosen He wavelength (ADlm =2s71)

QC MOS NE LAMBDA Ne arc lamp line for flux determination (Angstrom)

QC MOS NE FLUX Flux at chosen Ne wavelength (ADkm=2s~1)

QC MOS NE FLUXERR Error on flux at chosen Ne wavelength (ADm ~2s71)

QC MOS AR LAMBDA Ar arc lamp line for flux determination (Angstrom)

QC MOS AR FLUX Flux at reference wavelength (ADkbm —2s71)

QC MOS AR FLUXERR Error on flux at reference wavelength (ADWm ~2s~1)

QC MOS WAVECAL CCEFF: Median of IDS coefficientd; (see Section 7.3.4)

QC MOS REFWAVE NMEAN Mean CCD offset of reference wavelength on all slits (pixel)

QC MOS REFWAVE RMS RMS of CCD offsets of reference wavelength on all slits (fixe

QC MOS RESOLUTI ON1 LAMBDA | Line used in spectral resolution determination (Angstrom)

QC MOS RESOLUTI ON1 Mean spectral resolution at red end of spectrum

QC MOS RESOLUTI ON1 RMS RMS of spectral resolution at red end of spectrum

QC MOS RESOLUTI ON2 LAMBDA | Line used in spectral resolution determination (Angstrom)

QC MOS RESOLUTI ON2 Mean spectral resolution at centre of spectrum

QC MOS RESOLUTI ON2 RMS RMS of spectral resolution at centre of spectrum

QC MOS RESOLUTI ON3 LAMBDA | Line used in spectral resolution determination (Angstrom)

QC MOS RESOLUTI ON3 Mean spectral resolution at blue end of spectrum

QC MOS RESOLUTI ON3 RMS RMS of spectral resolution at blue end of spectrum

QC MOXS I DS RMS Global IDS rms (pixel)

Table 6.14.5QC parameters of the vmspcaldisp recipe.

as a pipeline recipe product, as it is an intermediate datlggin the standard pipeline operations would
be translated into new entries in the QC log file.

The QC parameters computed bymspcaldisp are listed in Table 6.14.5. All parameters refer to the
slit closest to the mask centre, unless differently spetifiEluxes are determined at the position of a
chosen arc lamp line from each working lamp, and they are mmedsn ADU s~ 'mm~2. The error on
fluxes is just the computed theoretical statistical noiske $pectral resolution at different wavelengths
is computed as the mean of the resolutions obtained for gaatiral row of each slit in the mask (see
Figure 7.3.1, page 136). The spectral resolution is contbége asA/A\, where A\ is the FWHM

of the arc lamp line used for the measurement. Finally the RMBe IDS model,QC MOS | DS RMVS,

is not derived from the RMSs of the single IDS local polyndntits, but is computed as the RMS of
the deviation of the observed lines peaks on the image ofxtraated slit spectra from their expected
positions. In this way systematic errors would not be exetlifftom the computation.

ExtractionWindow: Size of the arc line search window on the CCD. The window idreelhon an arc lamp
line expected position. If a negative value is given, thengbarch window size is computed by

AY = 3(wb01 + 2)



Doc: VLT-MAN-ESO-19500-3355
ESO VIMOS Pipeline User Manual | /Ssue: Issue 5.
Date: Date 2009-07-07
Page: 104 of 188

where AY is the search window size in CCD pixels; is the slit width in millimetres, and; is the
conversion factor between millimetres on the mask and pigalthe CCD along the dispersion direction,
obtained from the optical distortion model (see Table 7.8ahe 134).

Fuzz: Search radius for spectral edges, used in the determinafitre spatial curvature model based on the
input combined flat field. See Section 8.24, page 8.24, foerdetails.

Lineldent: Arc lines identification method. The identification proceslis described in some detail in Section
8.24.4. Possible settings are:

Blind: Arc lamp lines are identified without making use of the firsegs IDS models from the headers
of the input files. This method, based on pattern recognifigst requires the rough estimate of the
expected spectral dispersion read from the input grisnetabhoosing this option could be the last
resort in the attempt to calibrate data that are associaibdvery inaccurate first-guess distortion
models.

FirstGuess: Arc lamp lines are identified on the basis of existing modéthe spectral distortions, used
as first-guesses. Inaccurate models might be “tuned” bingdtie parameteRefinelD$ or trying
larger values for the parameteBxtractionWindowand/or Fuzz If all this fails, then it may help
to apply the newly availabléBlind line identification method.

LineldentLevel: Any signal that is peaking above this threshold is taken agnaidate arc lamp line to be
identified by the Blind pattern recognition method. TheineldentLevelis measured relatively to the
local background level. If the chosen line identificationtogl is not set toBlind, this parameter has no
effect.

For optimal results with theBlind line identification method, it may be required to converieadapt
the line identification level to the peak value of the faihle®es in the arc lamp exposure, but not to the
extent of picking up too much of the background noise. On tiheroside, setting a too high value for
LineldentLevelmay cause the loss of a number of valid arc lamp lines, leafiedlind method with no
recognisable pattern to match. Note that, as a rule, it issatile to have more arc lamp lines candidates
than lines actually listed in the input line catalog.

ModelSlit: The trend of the local IDS coefficients within a single slindae modeled by a polynomial fit. This
may reduce the effect of outlying local solutions, before giobal IDS fit is tried.
ModelSlitOrder: The order of the polynomial used in the slit IDS modeling whdndelSlit is set.

RefinelDS: When this parameter is set, the “first guess” IDS polynomalidvfor a given spectral row is
slightly modified, searching for a best match of the catalagelengths with the local spectrum arc lines.
This pretuning operation permits a more robust arc lampslidentification, but it should be avoided in
presence of severe light contamination from reflectiongargpectral orders overlap (see Figure 6.14.1).

A description of the algorithms used in this recipe is giversection 8.24, page 156.
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Figure 6.14.1:Contamination from orderd) and —1 in multiplexed spectra. On the left, the first order slit
spectra A and B are shown, together with tie and the —1 orders of spectrum A. If spectra A and B are
multiplexed, as shown on the right, spectrum B is contarathly the0 and —1 orders of spectrum A.
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6.15 vmmosobsstare

The VIMOS pipeline recipevmmosobsstards used to apply basic reduction steps to one exposure made in
MOS mode, to locate objects, and to optimally extract anddhlibrate their spectra.

The files to be included in the input SOF are listed in Tabl&a.1

DO category Type Explanation Required
MOS_SCIENCE Raw frame | Science exposure Vv
MASTER_BIAS Calibration | Master bias V
MASTER_DARK Calibration | Master dark

MOS_MASTER_SCREEN_FLAT Calibration | Normalised flat field

EXTRACT_TABLE Calibration | Extraction table

GRISM_TABLE Calibration | Grism table V
EXTINCT_TABLE Calibration | Atmospheric extinction table
MOS_SPECPHOT_TABLE Calibration | Spectro-photometric table
CCD_TABLE Calibration | Bad pixel table

Table 6.15.1input files for the vmmosobsstare recipe.

The bad pixel table needs to be specified only if the cleaningad pixels is requested. In the calibration
directories there is one CCD_TABLE file for each quadrantned badpi xel . ¢q. t fi t s (whereq is the
quadrant number increased by 4). Care should be taken iatisglehe appropriate bad pixel tables for the
spectral instrument modes (in the case of imaging dagghe quadrant number).

A flat field correction is applied only if a normalised mastext flield (produced by the recipemspfla} is
specified.

The extraction table is the product of the local spectrabdi®ns modeling performed by the recipegnspcald-
isp (see table 6.14.3, page 101). If an extraction table is netiipd, then the global distortion models read
from the science frame header are used (see Section 7.3 pagel 38).

If a flux calibration is requested, a spectro-photometrisagroduced by the recipgmmosstandardnust be
specified together with an atmospheric extinction table {@#les 6.18.2 on page 116, and 6.18.6 on page 118).
Note that a flux calibration can also be applied to the redutzd at a later stage, using the recipespphot
(see Section 6.23, page 128).

The grism table contains necessary information to contre@Mtay spectra are extracted, starting from the refer-
ence wavelength (header entBRO WLEN CEN), on a specific range of pixels above and below its position
on the CCD (header entrieBRO SPECT LLEN LO and PRO SPECT LLEN HI) (see Figure 7.3.1, page
136). Other parameters, used in the extraction of the seislitcspectra (see Table 6.15.2), are the start and the
end wavelength of the image of the extracted slit spectradgeentriesPRO W.EN START and PRO WLEN
END), and the step of the sampling along the dispersion dinedti@ader entryPRO WLEN | NC). Finally,

the wavelengths of the sky lines used in the alignment of pleetsal distortion models, necessary to keep into
account the possible coordinates shifts introduced byiati@m of the instrument flexures between the science
and the calibration exposures, are listed in the header dsvPRO SKY WLENn, with n ranging froml to

the number specified in the keywoRO SKY NO. In the calibration directories there is one GRISM_TABLE
file for each quadrant/grism combination, namgds_grism. ¢q. tfits (wheregrism is the grism name,
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andgq is the quadrant number).

All the products of thevmmaosobsstareecipe are shown in Table 6.15.2.

File name

DO category

Type

Explanation

mos_science_reduced.fits
mos_science_flux_reduced.fi
mos_science_extracted.fits
mos_science_sky.fits
mos_sky_reduced.fits

object_table.fits

window_table.fits

MOS_SCIENCE_REDUCED

tMOS_SCIENCE_FLUX_REDUCEL

MOS_SCIENCE_EXTRACTED
MOS_SCIENCE_SKY
MOS_SKY_REDUCED
OBJECT_TABLE
WINDOW_TABLE

FITS
) FITS
FITS
FITS
FITS
FITS

FITS

Objects spectra

Flux calibrated objects spectt
Sky subtracted slit spectra
Sky spectra

Extracted sky spectra
Objects spectra identification

Objects positions in slit

Table 6.15.2Product of the vmmosobsstare recipe.

a

The slit spectra are remapped with the instrument distasti;emoved and at a fixed wavelength step. A

sky value is estimated for each wavelength and then subttaftom the data. The result is stored in the
MOS_SCI ENCE_EXTRACTED image, while the imagesviOS_SClI ENCE_SKY and MOS_SKY_REDUCED

contain the sky model that was subtracted from the resanujaltd

If a flux calibration is requested, thenMOS_SCI ENCE_FLUX REDUCED image is also created. This image
is identical to theMOS_SCI ENCE_REDUCEDonNe, but the spectra it contains are flux calibrated, andessed
in units of erg cnt2 s~ A—1. Note, however, that the obtained fluxes are valid excepa fanstant factor: the

applied calibration is relative, not absolute.

The positions of the extracted slit spectra and of the detleabjects they may contain are listed in the window

table, 6.15.3.

Table 6.15.3:Window table entries. The IFU entries are not listed, beealldJ data reduction is not yet
supported. The positions of the slit spectra are countenh fiioe image bottom (with the first row &t = 0),

Column name | Explanation

SLIT Slit number in ADM

SPEC LEN unused

SPEC_START | Image bottom row of slit spectrum (pixel)

SPEC _END Image top row of slit spectrum (pixel)

OBJ_START | Object start position from slit spectrum bottom (pixgl)
OBJ_END Object end position from slit spectrum bottom (pixel)
OBJ_NO Object counter within a slit

OBJ_PCS Object peak position from slit spectrum bottom (pixgl
OBJ_WDTH | unused

oBJ_X Maskx coordinate of object (mm)

oBJY Masky coordinate of object (mm)

OBJ_RA unused

OBJ_DEC unused

while the objects positions are counted from the bottom rbtheslit to which they belong.
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The extracted spectra of the detected objects are storéa imivs of theMOS_SCI ENCE _REDUCED image,
that is the primary product of this recipe. The object tablgwn in Table 6.15.4, indicates from what slit each
spectrum was extracted.

Column name | Explanation

SLIT Slit number in ADM

Y Image row of extracted spectrum
OBJ_NO Object counter within same slit
oBJ_X Maskx coordinate of object
oBJ_Y Masky coordinate of object
OBJ_RA unused

OBJ_DEC unused

Table 6.15.4:0bject table entries. Th¥ pixel positions of the extracted spectra are counted froeittiiage
bottom, with the first row at” = 0.

The vmmosobsstargparameters are listed in Table 6.15.5.

A more complete description of the used parameters measigiyen here:

BiasMethod: Method for bias removal from the input science exposure. Bihe removal procedure is de-
scribed in some detail in Section 8.3. Possible settings are

Master: After master bias subtraction, prescan and overscan regientrimmed away from the science
frame.

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

CalibrateFlux: Flux calibration of the extracted spectra. If this optionumed on, an atmospheric extinction
table and a spectro-photometric table (see tables 6.18.8.48.6, pages 116 and 118) should be specified
in the input SOF. The flux calibration is applied as descriibeSection 8.10, page 145.

CleanBadPixel: Bad pixel correction on the input science frame. If this optis turned on, a bad pixel table
should be specified in the input SOF (see table 6.15.1). Tgixal correction algorithm is described in
Section 8.1, page 139.

DetectionLevel: In the object detection task, only the pixel values that@etectionLevelnoise sigmas above
the background level are included in the objects candidaié® object detection is tried on the mean
cross-dispersion profile of the extracted slit spectra. f®an profile is computed on the wavelength
interval specified by the grism table entri®RO AVG POS and PRO AVG RNG

Fuzz: Extra number of X CCD pixels, to be added at the slit spectra sides during thepsctra extraction as
a safety margin.
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Parameter Possible values| Explanation
. Master Bias removal with no overscan correction
BiasMethod . . .
Zmaster Bias removal with overscan correction
CleanBadPixel true Clean bad pixels _
false Do not clean bad pixels
ModelSlit true Model global IDS within each slit
false Apply wavelength solution from extraction table
ModelSlitOrder int Polynomial order for global IDS within each slit
UseSkylines true Use sky I_mes to align Wavelgngth calibration
false Do not align wavelength calibration
SkyMethod Medlan Sky at obj_ect pos!t!on is medlan of all sky values
Fit Sky at object position is interpolation of sky values
PolyOrder int Order of sky interpolating polynomial
SkyKSigmaLow | float (sigma) Low limit for K-sigma cliping in sky fitting
SkyKSigmaHigh | float (sigma) High limit for K-sigma cliping in sky fitting
Fuzz int (pixel) Extra X pixels in slit spectra extraction
SlitMargin int (pixel) Excluded pixels at slit ends for sky determination
LineWidth int (pixel) Pixels to read around expected sky line position
DetectionLevel float (sigma) Object detection level in terms of noise sigmas
WatershedLevels | int No. of levels in watershed method for objects unblending
WatershedFraction float Minimum flux fraction of unblended objects
MinObjectSize int (pixel) Minimum allowed object size
MaxObjectSize int (pixel) Minimum interval where to attempt objects unblending
HormeExtraction true Optimal (Horne's) spectral extraction
false Aperture spectral extraction
CalibrateFlux true Apply flux callbrat|on_ to e_xtracted spectra
false Do not apply flux calibration

Table 6.15.5vmmosobsstare parameters.

HorneExtraction: If this parameter is set, the Horne’s method for spectrahagitextraction (K.Horne (1986),

PASP 98, p.609) is applied to the objects detected in theebel slit spectr&d® Otherwise a simple
aperture extraction is used.

in the input science frame. This parameter is only effectiten UseSkyliness set.

LineWidth: Search radius (in pixels along the dispersion directiooinfthe expected position of the sky lines

MaxObijectSize: In the object detection process, all the pixel values of therean cross-dispersion profile

that are above the threshold specifiedatectionLeveare selected. If any unbroken sequence of selected
pixels is longer thanMaxObjectSize an attempt to unblend it into sub-objects is made.

MinObjectSize: In the object detection process, all the pixel values of tharean cross-dispersion profile

that are above the threshold specifiedCstectionLevebre selected. Any unbroken sequence of selected
pixels must be at leas¥linObjectSizepixels long to be accepted as an object candidate.

13T0 be rigorous, Horne’s extraction is not intended to be iadpto resampled data, where the noise is correlated.
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ModelSlit: If this parameter is set, and an extraction table is spedififtput, the coefficients of the local IDS
solutions contained in the extraction table (see Table.8,Jage 101) are modeled within each slit by a
polynomial fit. The model values for the coefficients are aepll in the extraction table and then used in
the spectral extraction process. This is a way to smooth ailiting IDS local solutions.

ModelSlitOrder: This parameter is only effective wheWodelSlit is set and an extraction table is specified
in input. The order of the polynomial used in the global IDSugons within each slit is specified. In
particular, if this parameter is set to zero the local IDSftoents are replaced by their mean values
within each slit.

PolyOrder: Order of the polynomial used in sky level modeling, wh8kyMethodis set to Fit.

SkyKSigmaLow: Low threshold for K-sigma clipping in sky level modeling, & SkyMethodis set to Fit.

SkyKSigmaHigh: High threshold for K-sigma clipping in sky level modelinghan SkyMethodis set to Fit.

SkyMethod: Method used for the sky determination at the position of teeected objects. The sky level is
determined for each sampled wavelength of the extractegdmdictra. The modeled slit sky spectra are
written to the outputMOS_SCI ENCE_SKY image. Possible settings are:

Fit: The pixel values outside the regions where objects werectdetaare fitted by a polynomial. The
model values are then taken as the sky level. The order ofdly@m@mial used is specified at the
parameterPolyOrder

Median: The median of the pixel values outside the regions wherectshjgere detected is taken as the
sky level.

SlitMargin: Number of pixels at the edges of the extracted slit spearbgtexcluded from the determination
of the sky level and from the object detection task.

UseSkylines: If this parameter is set, the sky lines listed in the grisneaye searched and identified in the
input science exposure. The median offset from their exgoepbsitions along the dispersion direction
is taken as a measure of the variation of the instrument fieRatween the science exposure and the flat
field and arc lamp exposures used for calibration. This bfsadded to th&” component of the optical
distortion model (see Section 7.3.2, page 134) before #gaimn the spectral extraction task.

WatershedFraction: In the object detection process, an attempt of unblenditay Snb-objects an extended
(i.e., greater thanMaxObjectSizeobject candidate is made. A candidate sub-object must &ialeast
the fraction of the total flux specified here, in order to bedled)as a separate object.

WatershedLevels: Number of levels used in watershed method applied to objelstending. See parameter
MaxObjectSizeabout object unblending.

A description of the algorithms used in this recipe is giversiction 8.25, page 171.
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6.16 vmmosobsjitter

The VIMOS pipeline recipevmmosobsijitteris used to apply basic reduction steps to a sequence of exgsosu
made in MOS mode, to combine them in a single image, to lodgjeets, and to optimally extract and possibly
flux calibrate their spectra. Sky fringes may also be suld#thd requested. Each input image is processed in
the same way as by recipgmmosobsstaretherefore what mainly characterises thinmosobsijitterrecipe is

the combination of the input frames, and the sky fringesraghibon.

The files to be included in the input SOF are listed in Tablé 4.1

DO category Type Explanation Required
MOS_SCIENCE Raw frame | Science exposures Vv
MASTER_BIAS Calibration | Master bias vV
MASTER_DARK Calibration | Master dark
MOS_MASTER_SCREEN_FLAT Calibration | Normalised flat field
EXTRACT_TABLE Calibration | Extraction table

GRISM_TABLE Calibration | Grism table Vv
MOS_FRINGES_SKY Calibration | Sky+fringes map

MOS_FRINGES Calibration | Fringe map

EXTINCT_TABLE Calibration | Atmospheric extinction table
MOS_SPECPHOT_TABLE Calibration | Spectro-photometric table
CCD_TABLE Calibration | Bad pixel table

Table 6.16.1input files for the vmmosobsjitter recipe.

Most of the entries in Table 6.16.1 are described in Secti@b,g§age 106, being in common with the recipe
vmmosobsstareln addition to those, thevmmosobsijitterrecipe also accepts either sky+fringes mapor

a fringe map(not both), depending on the selected sky fringing removethod. These maps are typically
produced by previous runs of themmosobsjitterrecipe where no input fringe map was specified.

It should be noted that such maps are never required in inyhgn the sky fringing correction is requested, they
are automatically produced by median-stacking the inpier@d frames themselves. However, in some cases it
may turn appropriate to generate a sky fringes map that isdbas just a subset of exposuresg, those that

are separated by a wider jittering step). Running the reaipthis subset would produce a sky fringes map that
may then be applied on further recipe runs to the whole séttefgd exposures. In fact, when a sky fringes map
is specified in input it is not recomputed by the recipe, big jiist applied to the data according to the specified
correction method (see the parameters description aheddGection 8.8, page 143 for more details).

All the products of thevmmosobsijitterrecipe are shown in Table 6.16.2. The only extra entries wisipect to
the vmmosobsstareecipe are the fringes maps, that are a by-product of thergkgyifig correction.

The vmmosobsijitterconfiguration file includes the same parameters of recipemosobsstareshown in ta-
ble 6.15.5, page 109, with few more parameters related totispestacking and sky fringes removal, that are
described in table 6.16.3.

A more complete description of these extra parameters engiere:

FringingCorr: Sky fringing removal from product frame. If this parametersiet, an input fringe map may
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File name DO category Type | Explanation
mos_science_reduced.fits MOS_SCIENCE_REDUCED FITS | Objects spectra

mos_science_flux_reduced.fitdMOS_SCIENCE_FLUX_REDUCED FITS | Flux calibrated spectra
mos_science_extracted.fits | MOS_SCIENCE_EXTRACTED FITS | Sky subtracted slit spectra

mos_science_sky.fits MOS_SCIENCE_SKY FITS | Sky spectra
mos_sky_reduced.fits MOS_SKY_REDUCED FITS | Extracted sky spectra
object_table.fits OBJECT_TABLE FITS | Objects spectra identification
window_table.fits WINDOW_TABLE FITS | Objects positions in slit
mos_fringes_sky:.fits MOS_FRINGES_SKY FITS | Sky+fringes map ('Raw’)
mos_fringes.fits MOS_FRINGES FITS | Fringe map (Resampled’)

Table 6.16.2Product of the vmmosobsjitter recipe.

be specified in order to subtract it from the input spectralosures before combining them. If no input
fringe map is given, the fringe map is derived from all theunjittered spectral exposures.

FringingMethod: Method used for the determination and the removal of the shgds. Possible settings are:

Raw: The used sky+fringe map (DO categdvipS FRI NGES_SKY) is the median stacking of a set of
jittered raw and bias subtracted spectral frames. This image, contgboth fringes and mean sky
level, is subtracted from each inpuaw and bias subtracted spectral frame. After that, the data
reduction proceeds in the usual way: in particular, redgldae to sky changing between exposures
are eliminated by the standard sky removal procedure cibedrby the parameteSkyMethodsee
Table 6.15.5, page 109). If no sky+fringe map is given in tnpusky+fringe map is generated by
median-stacking all the inputaw and bias subtracted spectral frames.

Resampled: The used fringe map (DO categoMOS FRI NGES) is the median stacking of a set of
jittered spectral frames, after the signalsampling (applied to eliminate all the spectral distortions
including the wavelength calibration), and after the sation of the sky with the method specified
by SkyMethodlIf no fringe map is given in input, a fringe map is generatgdredian-stacking all
the processed antesampledspectral frames.

FringingOffset: Minimum offset (in pixel) between any two jittered exposwequired for applying the fring-
ing correction. If at least two jittered frames differ by affiset smaller than the one specified here, then
the fringing correction is not applied even if it was reqeelsby setting the parametétringingCorr.

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

KSigmalLow: 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 wHetackMethodis set to “MinMax” .
MinRejection: Number of lowest pixel values to be rejected wh8tackMethodis set to “MinMax” .

Savelntermediate: When this is set, intermediate products of the data reduetie saved to disk. This would
allow the user to better evaluate the quality of the resulesaah step of the reduction algorithm. The data
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Parameter Possible values| Explanation
Average Average combination of reduced slit spectra
Median Median combination of reduced slit spectra
StackMethod MinMax Min-max combination of reduced slit spectra
Ksigma K-sigma clipping combination of reduced slit spectra
Auto Optimal combination of reduced slit spectra
KSigmalLow float (sigma) Low threshold for K-sigma clipping method
KSigmaHigh float (sigma) High threshold for K-sigma clipping method
MaxRejection int Number of highest values excluded in rejection stack method
MinRejection int Number of lowest values excluded in rejection stack method
- true Remove sky fringing
FringingCorr false Do not remove sky fringing
- Raw Remove sky+fringes from raw spectra
FringingMethod Resampled Remove fringes from reduced spectra
FringingOffset float (pixel) Smallest required offset between exposures
.| true Save intermediate products
Savelntermediate . .
false Do not save intermediate products

that are created on disk are not officially products of thele, being just a debug aid, and nothing more:
for this reason they will not be reported by the recipe lawnobsorex or by Gasgano The intermediate
products will be created in the current working directonydahey will always have the same names, con-
ventionally beginning with the wora@f t er _, prefixing an identifier of a specific data reduction step, and
an index indicating a given input frame. For instance, the &if t er _bi as_subtraction3.fits
contains the third input jittered frame after the mastes lsiabtraction.

scription of all the combination methods. Possible settiaig:

StackMethod: Method used for combination of the reduced slit spectra. Smsion 8.6 for a complete de-

Auto: Given the number of input jittered spectral exposures, dim@b combination method is selected.
Currently this is always going to the methddverage”.

Average: The combined frame is the mean of the reduced and aligned spgetral exposures.

Ksigma: The combined frame is the mean of the reduced and aligned smaatral exposures, after K-
sigma screening of pixel values. The number of sigma to béeapim the rejection is specified by
the parameter&KSigmalLowand KSigmaHigh

Median: The combined frame is the median of the reduced and alignmd spectral exposures.

MinMax: The combined frame is the mean of the reduced and aligned suactral exposures, after
rejection of minimum and maximum values. The number of &lteereject is specified by the
parametersMinRejection and MaxRejection

A description of the algorithms used in this recipe is giversiction 8.26, page 172.
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6.17 vmmoscombine

With this recipe the reduced spectra from different obs#raa (obtained, for instance, during different nights)
may be aligned and combined together, provided that theg weserved with the same mask, with the same
instrument quadrant, and with the same instrument mode.

The available stacking methods are those provided by thpeegmmosobsijitter (see Section 6.16, page
111), and they are applied to the 2D-extracted speMts ( SCI ENCE_EXTRACTED) produced by the recipes
vmmosobsstare vmmosobsjitterand even by the recipermmoscombineitself. Before being stacked, the
spectra are all corrected to airmass zero, and normalisdteiomean exposure time. The value of the mean
exposure time is written to the products’ header keyw&xPTIl ME (the actual exposure time is stored in the
header keywordeSO PRO EXPTTOT).

After the stacking of the slit spectra, the object detectask is run and the spectra of the detected objects are
1D-extracted as is done by the recipemmosobsstarand vmmaosobsjitternote, however, that in this case no
optimal spectral extraction is applicable.

Only in case any inpuMOS_SCl ENCE_EXTRACTED frame was produced by the recipgnmosobsstarethe
matching W NDOW TABLE produced in the same run must be included in the input sétaie.

Optionally, a relative flux correction may also be appliedd & that case a spectro-photometric table must be
specified in the input set-of-frames. An atmospheric extimctable must be specified in any case, even if a
flux correction was not requested, because of the necessapction to airmass zero before the stacking of the
spectra.

The tables describing all the input and product frames, Withrecipe’s configuration parameters, are self-
explaining:

DO category Type Explanation Required
MOS_SCIENCE_EXTRACTED Product frame| Reduced slit spectra vV
GRISM_TABLE Calibration Grism table vV
WINDOW_TABLE Calibration Window table See text
EXTINCT_TABLE Calibration Atmospheric extinction table V
MOS_SPECPHOT_TABLE Calibration Spectro-photometric table

Table 6.17.11input files for the vmmoscombine recipe.

File name DO category Type | Explanation
mos_science_reduced.fits MOS_SCIENCE_REDUCED FITS | Objects spectra
mos_science_flux_reduced.fitdMOS_SCIENCE_FLUX_REDUCED FITS | Flux calibrated spectra
mos_science_extracted.fits | MOS_SCIENCE_EXTRACTED FITS | Stacked slit spectra
object_table.fits OBJECT_TABLE FITS | Objects spectra identification
window_table.fits WINDOW_TABLE FITS | Objects positions in slit

Table 6.17.2Product of the vmmoscombine recipe.
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Parameter Possible values Explanation
Average Average combination of reduced slit spectra
Median Median combination of reduced slit spectra
StackMethod MinMax Min-max combination of reduced slit spectra
Ksigma K-sigma clipping combination of reduced slit spectra
Auto Optimal combination of reduced slit spectra
KSigmalLow float (sigma) Low threshold for K-sigma clipping method
KSigmaHigh float (sigma) High threshold for K-sigma clipping method

MaxRejection

int

Number of highest values excluded in rejection stack method

MinRejection

int

Number of lowest values excluded in rejection stack met

DetectionLevel float (sigma) Object detection level in terms of noise sigmas
WatershedLevels | int No. of levels in watershed method for objects unblending
WatershedFraction float Minimum flux fraction of unblended objects
MinObjectSize int (pixel) Minimum allowed object size
MaxObjectSize int (pixel) Minimum interval where to attempt objects unblending
CalibrateFlux true Apply flux calibration_ to e_xtracted spectra

false Do not apply flux calibration

Table 6.17.3vmmoscombine parameters.

6.18 vmmosstandard

od

The VIMOS pipeline recipermmosstandards used to calibrate and extract a spectrum from a MOS expagur
a spectro-photometric standard star, and derive the mgtnt efficiency and the response curves by comparison
with the corresponding catalog spectrum.

The files to be included in the input SOF are listed in Tabl84.1

DO category Type Explanation Required
MOS_STANDARD Raw frame | Standard star exposure vV
MASTER_BIAS Calibration | Master bias vV
MASTER_DARK Calibration | Master dark

EXTINCT_TABLE Calibration | Atmospheric extinction table vV
STD_FLUX_TABLE Calibration | Spectro-photometric table vV
MOS_MASTER_SCREEN_FLAT Calibration | Normalised flat field
EXTRACT_TABLE Calibration | Extraction table

GRISM_TABLE Calibration | Grism table vV
CCD_TABLE Calibration | Bad pixel table

Table 6.18.11input files for the vmmosstandard recipe.

An atmospheric extinction table must be specified (see Tal2). Currently the atmospheric extinction table
valid for La Silla is made available in the calibration dit@ges, in a file namedextinct _table.fits.

The catalog fluxes for the observed standard star are cewdtéinthe standard star flux table (see Table 6.18.3).
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Column name | Explanation
WAVE Wavelength at which the extinction was evaluated
EXTINCTION | Magnitude loss per one airmass

Table 6.18.2:Atmospheric extinction table entries.

Column name | Explanation

WAVE Wavelength at which the flux was evaluated
FLUX Fluxinergcnm?2s ! A-1

BIN Bin width in Angstrom

Table 6.18.3Standard star flux table.

A set of standard star flux tables, corresponding to the 36tspphotometric standard stars that are included
in the VIMOS calibration plan ([8]), is available in the daiation directories. The names of these tables, and
the name of the standard stars as reported in the FITS heage@pkd ESO OBS TARG NAME, are listed in
Table 6.18.4. The table indicated in the SOF should matcltehéent of the header entrfSO OBS TARG
NAME of the input standard star exposure.

The bad pixel table needs to be specified only if the cleaninigad pixels is requested. In the calibration
directories there is one CCD_TABLE file for each quadrantned badpi xel . ¢q. t fit s (wheregq is the
quadrant number increased by 4). Care should be taken iotisglehe appropriate bad pixel tables for the
spectral instrument modes (in the case of imaging dasahe quadrant number).

The extraction table is the product of the local spectrabdi®ns modeling performed by the recipgnspcald-
isp (see table 6.14.3, page 101). If an extraction table is netiipd, then the global distortion models read
from the science frame header are used (see Section 7.3 pagel38).

A flat field correction is applied only if a normalised masteat flield (produced by the recipemspfla} is
specified.

The grism table contains necessary information to contrelviay spectra are extracted, as described in more
detail in section 6.15, page 106. In the calibration dirgetothere is one GRISM_TABLE file for each quad-
rant/grism combination, nameglr s_grism. ¢q. t fi t s (wheregrism is the grism name, anglis the quadrant
number).

All the products of thevmmosstandardecipe are shown in Table 6.18.5.

The standard star spectrum is calibrated and extractedrasipe vmmosobsstardNext, the extracted spectrum
is compared to catalog fluxes of the same star to obtain thaesflly curve and the response curve used for the
flux calibration of scientific data (see Section 8.9, page).144

The result MOS spectro-photometric table is shown in Tall8.6.
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File name Target name Catalog
bd25d4655.tfits | BD+25d4655 | Oke (1990)
bd28d4211.tfits | BD+28d4211 | Oke (1990)
bd33d2642.tfits | BD+33d2642 | Oke (1990)
cd32d9927.tfits | CD-32-9927 | Hamuy et al. (1992, 1994
eg2l.tfits EG 21 Hamuy et al. (1992, 1994
eg274.tfits EG 274 Hamuy et al. (1992, 1994
feigellO.tfits | Feige-110 Hamuy et al. (1992, 1994
feigeb6.tfits Fei ge- 56 Hamuy et al. (1992, 1994
feige66.tfits Fei ge- 66 Oke (1990)
feige67.tfits Fei ge- 67 Oke (1990)
gl158_100.tfits | G 158-100 Oke (1990)
g93 48.tfits G 93-48 Oke (unpublished) data
gd108.tfits GD- 108 Oke (1990)
gd50.tfits GD- 50 Oke (1990)
hilt600.tfits Hi | t ner-600 | Hamuy et al. (1992, 1994
hz2.tfits Hz- 2 Oke (unpublished) data
hz44. tfits Hz- 44 Oke (1990)
| ds749b.tfits LDS- 749b Oke (1990)
[tt1020.tfits LTT- 1020 Hamuy et al. (1992, 1994
[tt1788.tfits LTT-1788 Hamuy et al. (1992, 1994
[tt2415.tfits LTT- 2415 Hamuy et al. (1992, 1994
[tt377.tfits LTT-377 Hamuy et al. (1992, 1994
[tt3864.tfits LTT- 3864 Hamuy et al. (1992, 1994
[tt4816.tfits LTT-4816 Hamuy et al. (1992, 1994
[tt6248.tfits LTT-6248 Hamuy et al. (1992, 1994
[tt7379.tfits LTT-7379 Hamuy et al. (1992, 1994
[tt7987.tfits LTT- 7987 Hamuy et al. (1992, 1994
[tt9239.tfits LTT-9239 Hamuy et al. (1992, 1994
[tt9491.tfits LTT-9491 Hamuy et al. (1992, 1994
ngc7293.tfits NGC- 7293 Oke (1990)

Table 6.18.4:Spectro-photometric standard stars in the VIMOS CalilmnatPlan. Full references are: Oke,
1990, AJ 99, 1621; Hamuy et al.,, 1992, PASP 104, 533; Hamuy.,el@94, PASP 106, 566. See also
http://ww. eso. org/ observi ng/ st andar ds/ spectra/
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File name DO category Type | Explanation
mos_standard_reduced.fits MOS_STANDARD_REDUCED FITS | Extracted spectrum
mos_standard_extracted.fits | MOS_STANDARD_EXTRACTED FITS | Sky subtr. slit spectra
mos_standard_sky.fits MOS_STANDARD_SKY FITS | Sky slit spectra
mos_standard_sky_extracted.fttMOS_STANDARD_SKY_EXTRACTED| FITS | Extracted sky spectrum
mos_specphot_table.fits MOS_SPECPHOT_TABLE FITS | Response curves
object_table.fits OBJECT_TABLE FITS | Object identification
window_table.fits WINDOW_TABLE FITS | Object position in slit

Table 6.18.5Product of the vmmosstandard recipe.

Column name Explanation

WAVE Wavelength in Angstrom

STD_FLUX Standard star flux in erg cm¥ s7! A-1

OBS_FLUX Observed flux e~ s7! A-1

RAW_EFFICIENCY | Ratio between input and detected photons
EFFICIENCY Heavily smoothed version of RAW_EFFICIENC)Y
RAW_RESPONSE | Ratio between STD_FLUX and OBS_FLUX
RESPONSE Heavily smoothed version of RAW_RESPONSE

Table 6.18.6Spectro-photometric table.

Most of the vmmosstandardparameters are the same as for recpg@mosobsstargsee Table 6.15.5, page
109). The parameteDetectionLevels set as a default to a very high value, so that in generabjustspectrum

will be unambiguously detected and identified as the stahstar one. In case more than one object is detected,
it may be appropriate to increase this value, or even to npddé object detection parametelinObjectSize
MaxObjectSize or WatershedFractionAlternatively, the parameteBelectSlitmay be used to indicate in what
slit the standard star is really located: normally this pagter is set to zero, meaning that objects are searched
in all slits, but a positive number would limit the searchustjthe specified slit.

The parameteitComputeQQGs typically set for monitoring the instrument efficiencysgiecific wavelengths.

A description of the algorithms used in this recipe is giversiction 8.27, page 173.

6.19 vmifucalib

The VIMOS pipeline recipevmifucalib is used to determine the spatial extraction mask, the wagtiecali-
bration, and the fibers relative transmission correctiommfa set of flat field and one arc lamp exposures.
The files to be included in the input SOF are listed in Tabl®a.1

At least one flat field exposure should be present in the inflR, But if an arc lamp exposure is not given, then
only the spatial extraction mask can be determined.

If an arc lamp exposure is given in input, a line catalog misgi be provided.
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DO category Type Explanation Required

IFU_SCREEN_FLAT | Raw frame| Flat field exposure Vv
IFU_ARC_SPECTRUM Raw frame| Arc lamp exposure

MASTER_BIAS Calibration | Master bias Vv
LINE_CATALOG Calibration | Line catalog

IFU_IDENT Calibration | Fiber identification
CCD_TABLE Calibration | Bad pixel table

Table 6.19.1input files for the vmifucalib recipe.

The fiber identification file is optional: it consists of ins#y profiles (one for each IFU pseudo-slit) cut along
the cross-dispersion direction of a reference flat field eyp® where the fiber spectra have been safely identi-
fied. The fibers corresponding to the peak positions of eadfiigare listed in the tables included in the FITS file
extensions. Such safe identifications would then be traresf¢o the new input flat fields by cross-correlation.
In the calibration directories there is ideally one IFU_IWEfile for each quadrant/grism combination, named
i fu_ident _grism_q.fits (where ¢ indicates the VIMOS quadrant number, angrism the grism
name). A new set of fiber identification files has been recemtlged, in order to support IFU data obtained
around 2006 and after. In order to differentiate them froméhrlier IFU_IDENT files the suffix *_2006" was
added to their names.

If a fiber identification file is not specified, the fiber spedttantification is still attempted, but the result is
not always correct. A fiber misidentification would appeaeftaon the reconstructed image of the field-of-
view (generated by themifusciencerecipe) as zig-zagging patterns breaking the generallyogmiook of the
intensity distribution.

The optical-spectral distortions (coded in the extractimask) are always recomputed from scratch by tracing
the flat field spectra, and then by wavelength-calibrating ektracted arc lamp spectra. Contrary to what
happens in the MOS data reduction task, the distortion nsageitained in the data headers are ignored.

The bad pixel table needs to be specified only if the cleaninigad pixels is requested. In the calibration
directories there is one CCD_TABLE file for each quadrantned badpi xel . ¢q. t fit s (wheregq is the
quadrant number increased by 4). Care should be taken intisglehe appropriate bad pixel tables for the
spectral instrument modes (in the case of imaging dasahe quadrant number).

The line catalogues in the calibration directories are rcarheat _grism. q. tfits (wheregrism is the
grism name, ang the quadrant number although there is no actual dependemreytiie quadrant number).

All the products of thevmifucalib recipe are shown in Table 6.19.2.

The extracted spectra are stored in the output images in\@obanal order, with blue on the left and red on
the right side. The images have 400 rows in the case of MR andi$Brvations, and 1600 rows in the case of
LR observations. The spectra starting from the left sideachepseudo-slit are stored starting from the bottom
rows of the output images. In the case of LR observationsitste100 spectra from the pseudo-slit 1 are at the
bottom, and the last 400 spectra from the pseudo-slit 4 aredbp.

Each image row corresponds to an IFU fiber position on the I€&th This correspondence is described in a set
of 8 tables located in the calibration directories (see @@hl19.3). A subset of 4 tables refers to LR observations,
with 1600 spectra per quadrant, and they are namédt abl eLRq. fi ts (where ¢ indicates the VIMOS
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File name DO category Type | Explanation
ifu_master_screen_flat.fits IFU_MASTER_SCREEN_FLAT FITS | Combined flats

ifu_arc_spectrum_extracted.fitsiFU_ARC_SPECTRUM_EXTRACTED| FITS | Extracted arc spectra
ifu_flat_spectrum_extracted.fitsIFU_FLAT SPECTRUM_EXTRACTED FITS | Extracted flat spectra

ifu_trace.fits IFU_TRACE FITS | Extraction mask
ifu_ids.fits IFU_IDS FITS | Wavelength calibration
ifu_transmission.fits IFU_TRANSMISSION FITS | Transmission correction

Table 6.19.2Products of the vmifucalib recipe.

Column name | Explanation

ROW Image row, counted from the bottom starting from 1.

L X coordinate on the IFU head, counted from left, ranging frbto 80.

M Y coordinate on the IFU head, counted from bottom, rangiogfd. to 80.

Table 6.19.31FU position table entries.

guadrant number). A second subset of 4 tables should be as®&R and HR observations, with 400 spectra
per quadrant, and they are namefiut abl eHRqg. fi ts.

The content of the calibration tables generated by the eevimifucalib is described in Tables 6.19.4, 6.19.5,
and 6.19.6.

Column name | Explanation
Ci %! coefficient of the spectrum tracing polynomial.
RMS Standard deviation of polynomial fit.

Table 6.19.41FU extraction mask.

In the extraction maski fu_trace. fits, there are two table extensions for each active IFU pselido-s
Each table includes the coefficients of 400 polynomial fitee @or each fiber spectrum, starting from the first
spectrum at the left end of a pseudo-slit. The first tablersstts of each pair is the actual extraction mask,
obtained by polynomial fitting of the tracings on the wholedpal range. The second table extension is just a
linear fitting of the tracing on a short range, used in theratignt of the extraction mask to the scientific spectra.

In the inverse dispersion solutionf u_i ds. fi t s there is one table extensions for each active IFU pseudo-
slit. Each table includes the coefficients of 400 polynorfital one for each fiber spectrum, starting from the
first spectrum at the left end of a pseudo-slit.

Theifu_transm ssion. fits table includes the fiber-to-fiber relative transmissiorrection factors of
400 (in case of MR or HR observations) or 1600 (in case of LRenfzions) fiber spectra, starting from the
first spectrum at the left end of the first pseudo-silit.

The vmifucalib parameters are listed in Table 6.19.7.

A more complete description of the used parameters measigiyén here:
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Column name | Explanation

Ci it coefficient of the inverse dispersion polynomial.
RMS Standard deviation of polynomial fit.

NLINES Number of identified arc lamp lines used in fit.

Table 6.19.5inverse dispersion solution.

Column name | Explanation
TRANS Relative transmission factor of fiber.

Table 6.19.6Relative transmission factors for all fibers.

AllowSingleFrames: If this parameter is set, then a master flat field is producsd fibm a single input flat
field exposure. In this case thgtackMethodis ignored.

ApplyTransmission: If this parameter is set, then the computed fiber-to-fibeatnad transmission correction
factors are applied to all the extracted spectra.

BiasMethod: Method for bias removal from the input frames. The bias remhprvocedure is described in some
detail in Section 8.3. Possible settings are:

Master: After master bias subtraction, prescan and overscan regiosm trimmed away from the pro-
cessed frame.

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

CleanBadPixel: Bad pixel correction on the master flat field. If this optiotumed on, a bad pixel table should
be specified in the input SOF (see Table 6.14.1, page 99). ddheikel correction algorithm is described
in Section 8.1, page 139.

ComputeQC: If this parameter is setQuality Control (QC) parameters will be computed and written to the
header of the output tables, and to three output QC PAF filexedaqc0000. paf, qc0001. paf,
and gc0001. paf . These files are not classified as pipeline recipe produstthey are intermediate
datasets that in the standard pipeline operations wouldabpslated into new entries in the QC log file.
Currently the QC parameters computed yifucalib are:

QC | FU LOSTi : Number of fibers that could not be traced on pseudazslit

QC I FU TRACEI RMs: Mean value of the RMS of the polynomial fitting obtained onteaaced
IFU spectrum on pseudo-slit

QC | FU I DS RMS: RMS of the IDS residuals, evaluated on the image of extraatedhmp spectra.

QC | FU RESOLUTI QN LAMBDA: Wavelength of the arc lamp line chosen for determining theesp
tral resolution in the redj(= 1), central § = 2), and blue { = 3) spectral regions.

QC | FU RESOLUTI ONj : Spectral resolution in the red & 1), central § = 2), and blue { = 3)
spectral regions, averaged on all spectra, evaluated orcdarap spectrum line dependent on the
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Parameter Possible values Explanation

AllowSingleFrames

true
false

A single input flat is also allowed
More than one input flat is required

Average Master flat is average of input flats

Median Master flat is median of input flats
StackMethod MinMax Master flat is obtained with min-max rejection

Ksigma Master flat is obtained with K-sigma clipping

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

. Master Bias removal with no overscan correction

BiasMethod . . .

Zmaster Bias removal with overscan correction
CleanBadPixel true Clean bad pixels _

false Do not clean bad pixels

. true Apply transmission correction to extracted spectra

ApplyTransmission . .

false Do not apply transmission correction
MaxldsRms float (pixel) Maximum tolerated RMS of residuals in IDS fit
Lineldent FirstGuess L?ne ?dent?f?cat?on based on first-guess moglt_als

Blind Line identification based on pattern recognition
MaxTraceRejection int Maximum percentage of rejected positions in trac|ng

true Compute QC parameters
ComputeQC false Do not compute QC parameters

used grism. The spectral resolution is computed as the bativeen the arc lamp line wavelength,

and its FWHM.

QC | FU RESOLUTI ONj

Table 6.19.7vmifucalib parameters.

(j = 2), and blue { = 3) spectral regions.

RVS: RMS of spectral resolution determined in the rgd=£ 1), central

QC | FU WAVECAL]j COCEFFi : Median:'" coefficient of the inverse dispersion solutions on pseudo-
slit j, withi = 1,2, ..., n (wheren is the degree of the polynomial used). In the case of MR and HR
observations, this parameter is just computed for the asliv (j = 2).

QC | FU TRACEj CCEFFi : Medianit" coefficient of the fiber spectra tracing solutions on pseudo-
slit 1, withi = 1, 2, ..., n (wheren is the degree of the polynomial used). In the case of MR and HR
observations, this parameter is just computed for the asliv (j = 2).

QC | FU REFROW : The reference row is thE pixel position on the CCD where, for a given pseudo-
slit 5, each fiber spectrum is detected, identified, and conveaitjpbegun to be traced. This pa-
rameter is reported here, because referenced by other IFUg@fameters.

QC | FU TRACE] CENTRAL: On pseudo-slifj, this is the sequence number of the active fiber closest
to the central CCDX pixel at the reference row (se@C | FU REFROW ).
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QC | FU TRACE] SLOPE: On pseudo-slitj, a linear fit is made to the tracing of the central spec-
trum (seeQC | FU TRACEI CENTRAL), on a 400 pixels interval centered on the reference row
(see QC | FU REFROW ). In absence of optical distortions, a perfect grism aligntnwould
correspond to a zero slope.

QC | FU FLUX LAMBDAI : The flat field flux (seeQC | FU FLUX MEAN) is measured on a wave-
length interval startingi(= 1) and ending{ = 2) at the specified values.

QC | FU FLAT FLUX: The mean integrated signal, per fiber, per second, withirsgleeified wave-
length interval, is computed on all active pseudo-slits.

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

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

Lineldent: Arc lines identification method. The identification proceslis described in some detail in Section
8.24.4. Possible settings are:

Blind: Arc lamp lines are identified without making use of first-gaié®S models. This method, based
on pattern recognition, just requires the rough estimatb@g&xpected spectral dispersion read from
the input grism table.

FirstGuess: Arc lamp lines are identified on the basis of existing modéthe spectral distortions, used
as first-guesses.

MaxldsRms: Maximum tolerated RMS of residuals in IDS fit (pixel). In thetdrmination of the wavelength
calibration, any polynomial fit not better than indicatedl fae rejected.

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” .

MaxTraceRejection: Maximum percentage of rejected positions in fiber specteing. In the fiber tracing
operation, a number of pixel positions may be rejected bez#ue detected position outlays the general
trend, or because the signal level is too low. When the péagerof rejected positions is more than what
is specified here, then the corresponding fiber is flagged esddand excluded from further processing.

StackMethod: Combination method of input flat field exposures for mastdfigdd creation. See Section 8.6
for a complete description of all the combination methodsitd\that the master flat field is the frame
where the fiber spectra tracing is performed, for the definitf the extraction mask. Possible settings of
StackMethodare:

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

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

Ksigma: The master flat field is the mean of the input frames, afterdgfasi screening of pixel values.
The number of sigma to be applied in the rejection is specihfiethe parameter&KSigmalLowand
KSigmaHigh
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Median: The master flat field is the median of the input frames.

MinMax: The master flat field is the mean of the input frames, afterctigje of minimum and max-
imum values. The number of values to reject is specified byprameters MinRejection and
MaxRejection

A description of the algorithms used in this recipe is giversiction 8.29, page 186.

6.20 vmifuscience

The VIMOS pipeline recipevmifuscienceis used to extract IFU scientific spectra applying the inptitaetion
mask, after aligning it to the brightest spectra detectedherninput exposure. The extracted spectra are then
resampled at a constant wavelength step, after aligninopput wavelength calibration to the positions of a set
of identified sky lines. The extracted spectra are eventualirected for the relative differences in transmission
from fiber to fiber, and they may optionally be flux calibrated.

The files to be included in the input SOF are listed in Tabl®a.2

DO category Type Explanation Required
IFU_SCIENCE Raw frame | Scientific spectra vV
MASTER_BIAS Calibration | Master bias Vv
IFU_TRACE Calibration | Extraction mask vV
IFU_IDS Calibration | Wavelength calibration Vv
IFU_TRANSMISSION Calibration | Transmission correction vV
EXTINCT_TABLE Calibration | Atmospheric extinction table
IFU_SPECPHOT_TABLHE Calibration| Spectro-photometric table
CCD_TABLE Calibration | Bad pixel table

Table 6.20.1input files for the vmifuscience recipe.

The extraction mask, the wavelength calibration, and ttaive transmission table, are those generated by the
recipe vmifucalib (see Section 6.19, page 118).

A CCD table must be specified only if bad pixel cleaning is esjad. In the calibration directories there is one
CCD_TABLE file for each quadrant, namdzhdpi xel . ¢. t f i t s (whereg is the quadrant number increased
by 4). Care should be taken in selecting the appropriate ba tables for the spectral instrument modes (in
the case of imaging datais the quadrant number).

If a flux calibration is requested, a spectro-photometrilegroduced by the recipemifustandard must be
specified together with an atmospheric extinction table {@bles 6.18.2 on page 116, and 6.18.6 on page 118).
Note that a flux calibration can be applied to the reduced adiatalater stage, using the recipenspphot(see
Section 6.23, page 128).

All the products of thevmifusciencerecipe are shown in Table 6.20.2.

The extracted spectra are stored in the output images inv@ntianal order, with blue on the left and red on
the right side. The images have 400 rows in the case of MR andi4$Brvations, and 1600 rows in the case of
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File name DO category Type | Explanation
ifu_science_reduced.fits IFU_SCIENCE_REDUCED FITS | Reduced scientific spectra
ifu_science_reduced.fits IFU_SCIENCE_FLUX_REDUCED FITS | Flux calibrated spectra
ifu_fov.fits IFU_FOV FITS | Reconstructed field-of-view image

Table 6.20.2Products of the vmifuscience recipe.

LR observations. The spectra starting from the left sideachepseudo-slit are stored starting from the bottom
rows of the output images. In the case of LR observationsfingte400 spectra from the pseudo-slit 1 are at the
bottom, and the last 400 spectra from the pseudo-slit 4 ahedbp.

Each image row corresponds to an IFU fiber position on the IBadh This correspondence is described in a
set of 8 tables located in the calibration directories (s@ld6.19.3 on page 120, and its description in Section
6.19).

If a flux calibration is requested, then ahFU_SClI ENCE_FLUX REDUCED image is also created. This
image is identical to thel FU_SCI ENCE_REDUCED one, but the spectra it contains are flux calibrated, and
expressed in units af0~16 erg cnm2 s7t A—1. Note, however, that the obtained fluxes are valid only if the
input IFU_SPECPHOT_TABLE is based on a standard star obdamder similar atmospheric conditions.

The vmifuscienceparameters are listed in Table 6.20.3.

Parameter Possible values| Explanation
. Master Bias removal with no overscan correction
BiasMethod . ) .
Zmaster Bias removal with overscan correction
CleanBadPixel true Clean bad pixels _
false Do not clean bad pixels
. true Use sky lines to align wavelength calibration
UseSkylines Y g engtt
false Do not align wavelength calibration
L true Align spectra to sky individuall
UseSkylIndividual gn sp . ky y
false Same sky alignment for all spectra
CalibrateFlux true Apply flux callbratloq to gxtracted spectra
false Do not apply flux calibration

Table 6.20.3vmifuscience parameters.

A more complete description of the used parameters measigiyén here:

BiasMethod: Method for bias removal from the input frame. The bias renhpwacedure is described in some
detail in Section 8.3. Possible settings are:

Master: After master bias subtraction, prescan and overscan regios trimmed away from the pro-
cessed frame.

Zmaster: After master bias subtraction the overscan correction fdieg before trimming away the
overscan regions.
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CalibrateFlux: Flux calibration of the extracted spectra. If this optionumed on, an atmospheric extinction
table and a spectro-photometric table (see tables 6.18.8.48.6, pages 116 and 118) should be specified
in the input SOF. The flux calibration is applied as descrilme8ection 8.10, page 145.

CleanBadPixel: Bad pixel correction on the scientific exposure. If this optis turned on, a bad pixel table
should be specified in the input SOF (see Table 6.14.1, pageT®@ bad pixel correction algorithm is
described in Section 8.1, page 139.

UseSkylines: If this parameter is set, a number of sky lines are searcheddemtified in the input science ex-
posure. Currently, just the four bright sky lines at 5578,38300.304, 6363.780, and 8344.602 Angstrom
are used. The median offset from their expected positiansgahe dispersion direction is taken as a mea-
sure of the variation of the instrument flexure between tiense exposure and the flat field and arc lamp
exposures used for calibration. This offset is added to trestant term of the IDS polynomials (see
Section 6.19, page 118), before using them in the specttaation task.

UseSkyIndividual: If this parameter is set, together witiseSkylinesthe alignment of the wavelength solu-
tion to the observed positions of the reference sky linesadarindependently for each fiber spectrum.

A description of the algorithms used in this recipe is giversiction 8.30, page 186.

6.21 vmifustandard

The VIMOS pipeline recipevmifustandardis used to extract the IFU spectra of a spectro-photometindard

star applying the input extraction mask, after aligningittie brightest spectra detected on the input exposure.
The extracted spectra are then resampled at a constantemgtielstep, after aligning the input wavelength
calibration to the positions of a set of identified sky lind$e extracted spectra are corrected for the relative
differences in transmission from fiber to fiber, they are skigteacted, and added together to produce the total
standard star spectrum. Finally, the instrument efficiesmogt the response curves are derived by comparison
with the corresponding catalog spectrum.

The files to be included in the input SOF are listed in tabld. 4.2

DO category Type Explanation Required
IFU_STANDARD Raw frame| Scientific spectra V
MASTER_BIAS Calibration | Master bias Vv
IFU_TRACE Calibration | Extraction mask V
IFU_IDS Calibration | Wavelength calibration Vv
IFU_TRANSMISSION| Calibration| Transmission correction V
EXTINCT_TABLE Calibration | Atmospheric extinction table vV
STD_FLUX_TABLE | Calibration| Spectro-photometric table Vv
CCD_TABLE Calibration | Bad pixel table

Table 6.21.1input files for the vmifustandard recipe.

The extraction mask, the wavelength calibration, and ttaive transmission table, are those generated by the
recipe vmifucalib (see Section 6.19, page 118).
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An atmospheric extinction table and the standard star flobe tanust be specified (see Tables 6.18.2 and 6.18.3,
page 116). A set of standard star flux tables, correspondiriget 30 spectro-photometric standard stars that
are included in the VIMOS calibration plan ([8]), is availalin the calibration directories. The names of these

tables, and the name of the standard stars as reported inTBeheader keywordESO OBS TARG NAIVE,

are listed in Table 6.18.4, page 117. The table indicateddrBIOF should match the content of the header entry
ESO OBS TARG NAME of the input standard star exposure.

A CCD table must be specified only if bad pixel cleaning is e=iad. In the calibration directories there is one
CCD_TABLE file for each quadrant, namdzhdpi xel . ¢. t f i t s (whereg is the quadrant number increased
by 4). Care should be taken in selecting the appropriate baad fables for imaging and spectral instrument
modes (in the case of imaging dat#s the quadrant number).

All the products of thevmifustandardrecipe are shown in Table 6.21.2.

File name DO category Type | Explanation
ifu_standard_reduced.fits) IFU_STANDARD_REDUCED FITS | Reduced fiber spectra

ifu_fov.fits IFU_FOV FITS | Reconstructed field-of-view image
ifu_standard_extracted.fitsIFU_STANDARD_EXTRACTED| FITS | Total standard star spectrum
ifu_science_sky:.fits IFU_SCIENCE_SKY FITS | Sky spectrum
ifu_specphot_table.fits IFU_SPECPHOT_TABLE FITS | Response curves

Table 6.21.2Products of the vmifustandard recipe.

The extracted spectra are stored in the output images in\@obanal order, with blue on the left and red on
the right side. The images have 400 rows in the case of MR andb4Brvations, and 1600 rows in the case of
LR observations. The spectra starting from the left sideachepseudo-slit are stored starting from the bottom
rows of the output images. In the case of LR observationsitste100 spectra from the pseudo-slit 1 are at the
bottom, and the last 400 spectra from the pseudo-slit 4 aredbp.

Each image row corresponds to an IFU fiber position on the IBadh This correspondence is described in a
set of 8 tables located in the calibration directories (s#&ld6.19.3 on page 120, and its description in Section
6.19).

The sky spectrum is determined as the median values of akbxhracted spectra along the cross dispersion
direction. The total spectrum is then computed as the surtl thfeasky-subtracted spectra.

The output spectro-photometric table is derived in the samg as in the recipevmmosstandatrdand is de-
scribed in that Section (see also Table 6.18.6, page 118).

The vmifustandard parameters are the same as for recigmifuscience and they are listed in Table 6.20.3.
The only exception is the paramet&alibrateFlux missing in the vmifustandard recipe, and the parameter
ComputeQCthat is typically set for monitoring the instrument effiegy at specific wavelengths.

A description of the algorithms used in this recipe is giversiction 8.31, page 187.
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6.22 vmifucombine

This recipe is used to compose the reconstructed imageg o th field-of-view from different VIMOS quad-
rants into a single image. Such images are created by thmeseemifuscienceand vmifustandard The input
images must belong to different quadrants, so that theneatdoe more than 4.

The mosaic is composed after a relative flux correction betwibe different input quadrants is applied.

6.23 vmspphot

This recipe is used to apply a flux calibration to any numbefiDfextracted spectral frames generated by
the recipes vmmosobsstare vmmosobsijitter vmmoscombineand vmifuscience The input set-of-frames
will include a list of either MOS_SCI ENCE_REDUCED or | FU_SCI ENCE_REDUCED frames, all obtained
from the same instrument quadrant and with the same insttumede. An atmospheric extinction table
EXTI NCT_TABLE, and a spectro-photometric table consistent with the echasgrument mode (that is ei-
ther MOS_SPECPHOT _TABLE or | FU_SPECPHOT _TABLE ), shall also be added.

This recipe has just one configuration parametspplyResponsethat may be set td al se to indicate that
just the atmospheric extinction correction should be a&gpto the input data. In that case an input spectro-
photometric table is not required. WpplyResponseas settot r ue, then the instrument response correction
is also applied. The flux calibration is applied as describe8lection 8.10, page 145.

A number of output calibrated frames, equal to the numbenpfii spectral frames, will be created by this
recipe. The products header keywoESO PRO Al RMASS will always be set to zero, to indicate that an
atmospheric extinction correction was applied. In casenatriment response curve is also applied, then the
header keywordeEXPTI ME will be set to 1.0 seconds.
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7 Geometrical distortions models

The reduction of VIMOS scientific data made by the VIMOS pipelis based on a set of predefined models of
the optical distortions affecting the instrument.

In the VIMOS pipeline, optical distortions modeling is oipied by simple polynomial fitting based on known
quantities, such as celestial coordinates of astrometais,spositions of pinholes on a calibration mask, or
spectral lines wavelengths from a catalog, all comparetdea@bsitions of detected features and patterns on the
CCD.

Pipeline recipes related to geometrical calibrations gerea set of IWS configuration files where the coeffi-
cients of the derived polynomials are stored. This infororatvill be copied, when appropriate, from the IWS
configuration files to the headers of any dataset generatéuebyIMOS instrument.

Optical distortions are not expected to remain constaninie.t Small changes are introduced by a changing
orientation of the instrument within the gravitational €ielA progressive aging of the structure, and possible
interventions on the instrument, may also contribute tgltrm changes.

For this reason, the VIMOS pipeline recipes will use thedadigin models contained in the datasets headers
as “first guesses”, to be used as a starting point for furtmgrovement of the solutions, adapting them to the
momentary instrument distortions.

“First guesses” will work as long as they are close enoughéaé¢al distortions, ensuring a safe identification of
the appropriate reference signals contained in the data. rAlach is “close enough” depends on a large number
of factors, mainly related to the nature of the distortiomgl & the robustness of the pattern matching algorithm
of the involved pipeline recipe. This will be discussed inrmdetail in Section 8.

7.1 Polynomial models

The geometrical distortions introduced by the VIMOS + UTioptan be distinguished intoptical and spec-
tral, mirroring the fundamental instrument setups. Each obéind spectral distortion is in its turn described
by a set of polynomial models. In some cases the polynomialatsencode not just a distortion (intended as
a transformation within the same coordinate system), brarssformation from a coordinate system to another
which may include also the geometrical distortions.

Here is an overview of the polynomials used to model eaclodish:

Optical

e Mask to CCD transformation (MAS2CCD)

— Transformation matrix (scale, shift, rotation)

— Two bivariate polynomial fits of the residuals (for theand theY” CCD coordinates)
e CCD to Mask transformation (CCD2MAS)

— Transformation matrix (scale, shift, rotation)

— Two bivariate polynomial fits of the residuals (for theand they Mask coordinates)
e Sky to CCD distortion (SKY2CCD)
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— Bivariate polynomial fit of the residuals of CCD positiongided applying the WCS received
from the TCS

e CCD to Sky distortion (CCD2SKY)
— Inverse of the bivariate polynomial fit modeling the Sky to@@istortion

During the data reduction process the Sky to CCD distortiadehis converted by the pipeline into the CO
matrix standard, used in the SAO WCSTools package [10].

Spectral

e Zero Order Contamination (ZERO)

— Two bivariate polynomials (separately for thé and theY” CCD coordinate) of mask coordi-
natesvs CCD positions

¢ Optical Distortion (OPT)

— Two bivariate polynomials (separately for thé and theY” CCD coordinate) of mask coordi-
natesvs CCD positions

e Spatial Curvature (CRV)

— Local CRV Simple polynomial fits of local curvatures
— Global CRV Bivariate polynomial fits of the coefficients of local CR¥% CCD positions

e Inverse Dispersion Solution (IDS)

— Local IDS Simple polynomial fits of wavelengthgs CCD positions
— Global IDS Bivariate polynomial fits of the coefficients of local ID& CCD positions

The so-called “optical distortion model” is really a tramghation from Mask to CCD coordinates valid for
the spectral instrument setup, which includes the optitstbdions at a conventional reference wavelength.
The choice of a reference wavelength is in principle arbitrary, being just a conventional zemir for all

the spectral distortion models and transformations. Iegma ), is chosen roughly in the middle of the valid
spectral range of a given grism, possibly matching the vemgth of a bright and isolated line of the arc lamp
catalog used for spectral calibrations.

The coefficients of all the polynomial fits are written to thgpeopriate VIMOS IWS configuration files, with

the exception of the local CRV and IDS, whose coefficientsvaitten instead into another pipeline product,
the extraction table(see Section 6.14, page 101) in the case of MOS observaaodsinto the trace and IDS

tables (see Section 6.19, pages 120 and 121) in the case abigddvations.

Details on the algorithms applied by the relevant pipelieeiges can be found in Section 8. In the present
section just a description of the geometrical distortiordels is given.
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7.2 Optical distortions
We include in this section any transformation between dffié coordinate systems while the instrument is
configured in direct imaging mode.

Three fundamental coordinate systems can be considered:

e Celestial (Sky)
e Telescope focal plane (Mask)

e Instrument focal plane (CCD).

Only the transformations from CCD to Sky and from CCD to Maskyéther with their inversions) are used and
supported by the VIMOS pipeline.

7.2.1 CCD to Mask transformation and its inverse

The transformation from CCD to Mask coordinates is desdrimg a two-layer model, consisting of a transfor-
mation including rotation, shift, and scaling, to which saiate polynomial fit of the residuals is added.

The base transformation can be expressed in the form

{w = Qg X + agyY + 7,
Y = Qye X + ayyY + Yo

where(X,Y") are CCD coordinates (pixels), afid, y) the corresponding mask coordinates (millimetres).

If the mask were perfectly aligned with the CCD, only the diagl elements of the matrix,, anda,,,, would
differ from zero, and they would correspond to the scalediasetween mask and CCD (about 0.119 mm/pixel).

The coefficients of the base transformation for quadeaate written to the entries of theMG_mask2ccd_gq. cnf
IWS configuration file indicated in Table 7.2.1.

CCD to Mask linear transformation

| MG_mask2ccd_gq. cnf | coefficient
PRO CCD MASK X0 Zo
PRO CCD MASK XX Qg
PRO CCD MASK XY Ay
PRO CCD MASK YO Yo
PRO CCD MASK YY Qyy
PRO CCD MASK YX Ay

Table 7.2.1:CCD to Mask linear transformation coefficients.

The residuals to the base transformation are modeled byaaidtie polynomial, that accounts for the higher
order distortions of the instrument:
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Ar =Y, x5X'Y7 with0 <i<m,0<j<m
Ay =3y XY7 with0 <i<m,0<j<m

The coefficients of the distortion for quadraniand the max degree of each variable of the bivariate polyalom
are written to the entries of theMG_mask2ccd_gq. cnf IWS configuration file indicated in Table 7.2.2.

CCD to Mask distortion model
| MG_mask2ccd_gq. cnf | coefficient
PRO CCD MASK XORD m
PRO CCD MASK YORD m
PRO CCD MASK X_’i_j Lij
PRO CCD MASK Y_i_j Yij

Table 7.2.2:CCD to Mask distortion model coefficients.

Currently m must be kept equal t8, for compatibility with the VMMPS. The complete transfortiosm from
CCD to Mask is given by the sum of the base transformation thighdistortion model.

The RMS (in millimetres) of the residuals of the completensfarmation is also written to the IWS configu-
ration file, at the entriesPRO CCD MASK XRMS and PRO CCD MASK YRMS, together with the assigned
temperature and time tag, written RO CCD MASK TEMP and PRO CCD MASK DAYTI M

The inverse transformation, from Mask to CCD, is completetalogous to the CCD to Mask transformation.

7.2.2 CCD to Sky distortion and its inverse

For transforming CCD pixel coordinates to celestial cooaties and back, a WCS is written by the TCS to the
FITS header of the observation data. This transformatigrerformed by the pipeline calling the appropriate
functions of the SAO WCSTools package [10].

Once a WCS is established, the contribution of the opticgtbdions needs to be modeled. This is a distortion,
meaning that the transformation is performed within the s@wordinate system (in this case, the CCD). It is
modeled by a two-branches bivariate polynomial analogoubké one used for the Mask to CCD transforma-
tions:

Xy =3 05XV with0<i<m,0<j<m
Yy =30, 0 XY with0<i<m,0<j<m

We describe here for simplicity just the CCD to Sky model. sThiodel is not converting image pixels into
celestial coordinates (RA and Dec), but converts pixeltposs (X, Y') on the CCD into virtual pixel positions
(X,,Y,), which are corrected for distortions and temperature &ffethese virtual pixel positions can then be
converted into celestial coordinates using the WCS infoiongoresent in the data header (see Figure 7.2.1).

The coefficients of the distortion for quadrantand the max degree of each variable of the bivariate polyalom
are written to the entries of theMG_sky2ccd_gq. cnf WS configuration file indicated in Table 7.2.3.
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0
WCS CCD to Sky
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0 Sky to CCD
0
Sky Virtual CCD CCD

Figure 7.2.1Transformations and distortions between sky and CCD.

CCD to Sky distortion model
I MG _sky2ccd_gq. cnf | coefficient
PRO CCD SKY XORD m
PRO CCD SKY YORD m
PRO CCD SKY X i_j Qj
PRO CCD SKY Y_i_j Bij

Table 7.2.3:.CCD to Sky distortion model coefficients.

Form a value of3 is currently chosen.

The RMS of the residuals of the models are also written to W48 tonfiguration file, at the entrieBRO CCD
SKY XRM5 and PRO CCD SKY YRMS, together with the assigned temperature and time tag enritt PRO
CCD SKY TEMP and PRO CCD SKY DAYTI M

The inverse model would simply produce th&,Y") coordinates of the real CCD from theX,, Y,) virtual
coordinates obtained by applying the WCS to (RA, Dec) pusiti

The pipeline converts these distortion models into the Caxitn convention that is then written to the FITS
headers of the reduced science images.

7.3 Spectral distortions

We include in this section any transformation between diffié coordinate systems while the instrument is
configured in spectral (MOS or IFU) mode.
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Four fundamental coordinate systems can be considered:

e Celestial (Sky)
e Telescope focal plane (Mask)
¢ Instrument focal plane (CCD).

e Spectral wavelength (Angstrom).

Only the transformations from Mask to CCD and from CCD to wemgth are currently used and supported by

the VIMOS pipeline.

7.3.1 Zero order contamination model

Currently not implemented

7.3.2 Optical distortion model

The optical distortion model of the grism is really a diredrnsformation from(z,y) mask coordinates to
(X,Y) CCD coordinates, valid for a conventional reference wawgie)\,,.

The model can be expressed in the form

X:Zi7jaijwiyj with0 <i<m,0<j<m
Y =3, by’ with0<i<m,0<j<m

where(X,Y") are CCD coordinates (pixels), afd, y) the corresponding mask coordinates (millimetres).

The coefficients of the distortion for quadrantand the max degree of each variable of the bivariate polyalom

are written to the entries of th®0S_wavecal _grism_

name_q. cnf IWS configuration file indicated in Table 7.3.1.

Optical distortion model

MOS_wavecal _grism_name_q. cnf

coefficient

PRO OPT DI S XORD
PRO OPT DI'S YORD
PRO OPT DI'S X_i_j
PRO OPT DIS Y_i_j

m

aij
bij

Table 7.3.1Optical distortion model coefficients.

Form a value of3 is currently chosen.



Doc: VLT-MAN-ESO-19500-3355
ESO VIMOS Pipeline User Manual | /Ssue: Issue 5.
Date: Date 2009-07-07
Page: 135 of 188

The RMS of the residuals of the model is also written to the I@¥@8figuration file, at the entrie®RO OPT
DI S XRMS and PRO OPT DI S YRMS, together with the assigned temperature and time tag.enritt PRO
OPT DI'S TEMP and PRO OPT DI S DAYTI M

This model provides the reference on which both the spatiatature and the inverse dispersion models are
based.

In the specific case of IFU data reduction, a global opticatadiion model is not really computed, and a
zeropoint for all other distortion models is defined indegemtly for each fiber.

7.3.3 Spatial curvature model

The spectrum corresponding to the positiany) on the mask traces a curve on the CCD. The spatial curvature
model is used to determine this curve as a function of the roaskdinates.

The modeled quantity is the deviatidnX as a function of the distanc®Y from the (X, Y ) CCD coordinates
obtained applying the optical distortion model to the giyeny) mask coordinate (see Section 7.3.2 and Figure
7.3.1).

This is thelocal curvature model, that can be expressed in the form
AX =) gAY’
)

with 0 <4 < m (with m currently set to 2).

The coefficients of the local curvature models, defined feahadetected spectral edge on a flat field exposure,
are written to theextraction tablg(see Section 6.14). It should be noted that the coefficigi#t always equal to
zero (for any(z, y)), as it is implied by the curvature model definition.

The coefficients;; depend on théz, y) mask coordinates, and can be modeled byrthgivariate polynomials:
= Z kaxjyk
g,k

with 0 < j <nand0 < k < n (with n currently set to 2).

The set of polynomials modeling the coefficients of the latakature models is known as thbal curvature
model. All the coefficients for quadragtand grismgrism_namewith the max degree for each variable of all
the simple and the bivariate polynomials, are written todhties of theMOS_wavecal _grism_namegq. cnf
IWS configuration file indicated in Table 7.3.2.

Since all the:; are zero for = 0, itimmediately follows that all thé',, ;. (i.e., all the PRO CRV MOD_0_j _k)
are also zero. They are written nevertheless to the dateereat consistency in the description of the polyno-
mial models produced by the VIMOS pipeline recipes.

The temperature and the time tag assigned to the curvatulelrace identical to the ones of the inverse disper-
sion solution (see next section). The CRV and the IDS modelsilavays derived from flat field and arc lamp
exposures obtained (almost) simultaneously, to ensutetteg are compatible with each other.
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Figure 7.3.1:MOS slit spectra on a CCD.

In the specific case of IFU data reduction, a global curvatupeel is not really computed. The local curvatures
are modeled independently for each fiber by a direct polyabfiti of absoluteX vs Y CCD coordinates
obtained from the fiber tracing task.

7.3.4 Inverse dispersion solution

As seen in Section 7.3.2, the optical distortion model iddusedetermine the positioflX,Y’) on the CCD
corresponding to a positiofx, y) on the mask, valid for a conventional reference wavelength

In VIMOS the light is dispersed by the grism along thieCCD coordinate, and therefore the wavelength
calibration consists of a relation between the wavelength the AY distance from th&” position obtained
applying the optical distortion model ta, y).

The modeled quantity is the deviatidny” as a function of the wavelength differende\ = A — \,, expressed
as usual with a polynomial fit that represents lital inverse dispersion solution (IDS):
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Global curvature model
MOS wavecal _grism_name_gq. cnf | coefficient
PRO CRV POL ORD m
PRO CRV MOD XORD n
PRO CRV MOD YORD n
PRO CRV MOD i j k T ik

Table 7.3.2:Global curvature model coefficients.

AY =3 d;AN

with 0 < ¢ < m (with m currently set to 3 for LR grisms, and to 4 for MR and HR grismsing the lowest
possible polynomial degree at which the residuals of theidjildy a random distribution). The coefficients of
the local IDS models, defined for each point correspondirgdisferentX CCD pixel for each slit of the mask,
are written to theextraction tablg(see Section 6.14, page 101).

The coefficientsi; depend on théz, y) mask coordinates, and can be modeled byrithe 1 bivariate polyno-
mials:

di = ZAi,jkwjyk
g,k

with 0 < j <n and0 < k < n (with n currently set to 3).

The set of polynomials modeling the coefficients of the |d&#b models is known as thglobal IDS. All

the coefficients for quadramtand grismgrism_namewith the max degree for each variable of all the simple
and the bivariate polynomials, are written to the entrieshef MOS_wavecal _grism_namegq. cnf WS
configuration file indicated in Table 7.3.3.

Global inverse dispersion solution
MOS_wavecal _grism_name_q. cnf | coefficient
PRO I DS REL ORD m
PRO | DS MAT XORD n
PRO | DS MAT YORD n
PRO I DS MAT i_j_k Aiji

Table 7.3.3:Global inverse dispersion solution coefficients.

The RMS of the residuals of the model is also written to the IWé8figuration file, at the entryPRO | DS
MAT YRMS (the entryPRO | DS MAT XRMS is unused, for obvious reasons). The temperature and tigne ta
assigned to the model are written RRO | DS MAT TEMP and PRO | DS MAT DAYTI M

In the specific case of IFU data reduction, a global inverspetiion solution is not really computed. Just the
local wavelength calibration described above is computpdustely for each fiber.
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7.3.5 Slit spectra extraction
Probably the best way to summarise the complete modelingextsal distortions is to see it applied to the
problem of extracting a slit spectrum from a raw image.

This is equivalent to finding what CCD coordinates corresptma given position on the mask and to a given
wavelength.

Let’s indicate the spectral distortion models defined inghevious sections using the symbalPT', C RV,
andIDS. Then the(X,Y) CCD coordinate corresponding (@, y, ) are given by:

X = OPT,(x,y) + CRV(IDS()))
{ Y = OPTy(z,y) + IDS(\)

This results in a wavelength calibrated slit spectrum,exigd for the spectral and the spatial distortions.
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8 Algorithms

In this section the data reduction procedures applied b2 3@peline recipes currently in use (see Section 4.1)
are described in some detail. Common algorithms, as cosag&cremoval or bad pixel cleaning, are described
separately.

8.1 Bad pixel cleaning

Bad pixel cleaning consists of replacing any bad pixel valith an estimate based on a set of surrounding
good pixel values. This operation is generally applied to sagepioduct frames, having little or no sense when
applied to master calibration products. NeverthelesshallMIMOS pipeline recipes allow bad pixel cleaning

on any product frame, for debug reasons or for any other @marioat may be appropriate.

The routine currently used by the VIMOS pipeline recipedqrens a bad pixel correction based on the content
of a given bad pixel tableQCD_TABLE). If the number of bad pixels is more than 15% of the total nends
CCD pixels, the correction is not applied.

___

Good pixels D Good pixels used for estimates
Bad pixel to More bad
be corrected pixels

Figure 8.1.1: Good pixels to be used in the estimate of a given bad pixel eaecked along the indicated
directions.

Any bad pixel is given a new value, computed as follow: thee#t good pixels along the vertical, the horizontal,
and the two diagonal directions are found (see Figure 8.THiy search is done within a distance of 100 pixels.
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If no good pixel is found within this range, then the bad pisahot corrected. All the good pixels found within
range will be used to compute the bad pixel value.

For each of the four fundamental directions, an estimatb@tbnsidered bad pixel can generally be obtained.
If two good pixel values are available for a given directitim estimate is their linear interpolation at the bad
pixel position. If just one good pixel value is available Bogiven direction, then the value itself will be the
estimate of the bad pixel value. No estimate can be obtaioead directions where no good pixel was found.

If the available number of estimates is greater than 1, tllegobeel value is taken as the median of the estimates
(defining the median of an even number of values as the medme ¢fvb central values), otherwise it is simply
set to the single estimate available.

8.2 Cosmic rays removal

The core of a cosmic rays removal procedure is to determinat ¥ghand what is\ot a cosmic ray. The al-
gorithm used for this purpose by the VIMOS pipeline recipeshie same applied by the MIDAS command
FI LTER/ COSM C, with some extensions.

Initially all pixels having an abnormal excess with respgedhe local noise level are flagged as possibly belong-
ing to a cosmic ray event (that typically would involve a gooof contiguous pixels). A candidate is selected
at any pixel (z,y) having a valueF'(z,y) exceeding a given threshold. This threshold, expressedita af
noise sigma, is specified by the recipe parame&lesmicsThreshold A value 4.0 gives typically good results.
The theoretical noiseV(x,y) of the image at any given pixel positiofx, y) is estimated in ADU as

M(z,y)

N(z,y) =[r* +
g

where M (x,y) is the median value of the 8 pixels surrounding they) position andr is the read-out-noise,
both in ADU, and ¢ is the gain factor ine~ /ADU. Then a pixel(z,y) is taken as a cosmic ray candidate if

F(z,y) > k- N(x,y)

with & the number of noise sigmas used in thresholding.

After this step is completed, all the groups of contiguousnaic rays candidates are identified. For each group,
the position of its maximum pixel value is determined, arertteanFs of its 8 surrounding pixels is computed.
A given group will be taken as a cosmic ray event if it fulfil@ tbondition

Fmam—S>R'(F8—S)

where F,,.; is the maximum pixel value within the considered group, the fundamental background level
(corresponding to the sky level in imaging science expaguand R is a shape parameter for discriminating
between objects and cosmic rays. The rakois specified by the recipe paramet€osmicsRatio A value of
2.0 gives typically good results.

Once all the pixels affected by cosmic ray events has beattddand listed in a cosmic ray events table, their
values are interpolated using the procedure describedadtiobeB.1. If a bad pixel table is also given to a recipe,
then the bad pixels are avoided in the interpolation promdu
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8.3 Bias subtraction

Removing the bias from any raw frame is a relatively simplacpss, but not simple enough to avoid a descrip-
tion on its own.

A master bias frameMASTER_BI AS) is used to remove the bias level (and, if present, the fixatem-noise
related to the bias) from a raw frame. Typically a masterbration is produced with its overscan regions
trimmed, and if this is the case with the master bias usediteenissing overscan regions are extrapolated by
repeating the signal contained in its border regions witleégize.

The master bias is subtracted from the raw data frame, whagsaan regions are then trimmed away. Option-
ally (when the BiasMethod recipe parameter is set tdmaster”) the residual signal in the overscan regions
is averaged along the&X CCD coordinate, and the obtained me#&hn values are modeled with a second order
polynomial fitting. This model is then subtracted from thstraf the image.

8.4 Dark subtraction

Subtracting the dark current component from any raw frammsists of multiplying an input master dark frame
by the exposure time (in seconds) of the frame to be correatadithen subtract such rescaled dark frame from
it. The dark level is quite low for VIMOS CCDs (about5 - h—!. pixel~1), so this operation would be in most
cases superfluous.

8.5 Flat field correction

The flat field correction merely consists of dividing the fmo be corrected by a given master sky flat field
frame produced by the recipemimflatsky for direct imaging observation (see Section 8.15, page,1d9)
produced by the recipemspflatfor MOS observations (see Section 8.23, page 155).

8.6 Frame combination

A common task to many of the VIMOS pipeline recipes is the ciotion of several frames of the same kind.
Currently four basic frame combination methods are avhatab

Average of frames:

Each combined frame pixel is the average of all the corredipgrpixel values in the input frames. In this
case at least two input frames are required.

Median of frames:

Each combined frame pixel is the median of all the correspmnpixel values in the input frames. In this
case at least three input frames are required. In case ofeemneimber of input frames, the median value
is taken as the mean of the two central values.
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Rejection of minimum-maximum values:

Each combined frame pixel is the average of all the corredipgnpixel values in the input frames, after
rejecting a given number of minimum and maximum values frbendet. In this case the number of input
frames should be greater than the number of rejected values.

K-sigma rejection:

The median value of each pixel of the input frames is compwed the standard deviation of all the pixel
values from the median is evaluated. Each combined fran® jgixhe average of all the corresponding
pixel values in the input frames, after rejecting any pixalue deviating more than a given number of
standard deviations. In this case, at least four input feaame required.

Combination methods different from averaging should, imgple, only be applied to the special case of
statistically homogeneous set of frames. However, as a&ptise measure taken in the VIMOS pipeline recipes,
before applying those combination methods the input imagesescaled to a common level, chosen as the
median level of the first input frame to which all the othemfigs median levels are aligned. This is still not a
statistically valid way to proceed, since the noise levedath image is different, and methods like the K-sigma
rejection would lose any real meaning.

8.7 Blind arc lamp lines identification

Starting with the VIMOS pipeline release 2.0, a new methadafo lamp line identification is applicable. This
method may turn useful in the reduction of data for which thlable first-guess distortion models turn out to
be too inaccurate (perhaps due to mechanical instabibfifse instrument), or even missing (as it would be the
case, for instance, with data obtained with a new grism).

In order to work, this method just requires a rough expeatatialue of the spectral dispersion (in A / pixel),
and a line catalog. The line catalog should inclydst lines that are expected somewhere in the CCD exposure
of the calibration lamp?

From the arc lamp spectra extracted following the availaiplatial curvature model, arc lamp lines candidates
are selected and their positions on the CCD are determingaicdlly, the arc lamp lines candidates will include
light contaminations, cosmic rays hits, and other unwarsigdal, but only in very extreme cases this will
prevent the pattern recognition algorithm to identify akktspectral lines.

Currently any portion of the arc lamp spectrum peaking akeggven threshold (measured relatively to the
local background level) is selected as an arc lamp line ciateli In general the default threshold applied by
the pipeline works well, but in some cases it may be helpfubteer it, in order to catch more (faint) lines,
or to raise it, in order to avoid a too noisy background or gdanumber of fainter contaminations (coming
perhaps from the second order dispersion of a multiplexedtsppm). Care should be taken in avoiding too low
thresholds, that would pick up too much noise from the bamligd, or too high thresholds, that would miss one
or more valid arc lamp lines, leaving the pattern recognitigorithm without a pattern to match.

The line catalog represents the pattern that should betsshom the CCD, and adding extra lines would destroy thigpattNote,
however, that a catalog including extra lines at its blue@ned ends would still be acceptable.
15 safer algorithm for the selection of arc lamp candidategoisig to be made available in the next pipeline release.
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As a general rule, it is important to ensure that (almost)halline catalog entries have their counterpart on the
CCD2%n practice, it is safe to have more candidates on the CCDIlthesiin the input line catalog: the pattern
recognition would succeed even in the case the spectra dbCiiecontained more arc lamp lines than actually
listed in the input line catalog.

8.8 Sky fringing correction

From a jittered observation, both in imaging and in MOS madmap of the sky can be obtained by median-
stacking the input exposures (see Section 8.6, page 1415 .skjimap can then be subtracted from each input
exposure before any further processing. Naturally, if agimg pattern is present it will as well be eliminated
from the data.

This method is not always applicable: if the observed fietdascrowded and/or the jittering step is smaller than
the extension of any of the observed objects, unwanted tgha®uld appear on the sky map. Itis important to
carefully examine the sky map produced by the data reducdcipe, before trusting the results of the fringing
correction.

It should also be noted that subtracting a sky map createdduayan-stacking the input exposures will increase
the random noise on the reduced data. In order to minimiseeffiect, it is advisable to apply the fringing
correction only if a large number (say, at least 5) of jittkexposures obtained alifferent offsets is available.
That would also help to reduce the probability of “ghosts’tba generated sky map.

Another problem with this method is coming from the sky btigkss changing during the observation. This
is particularly important in the case of MOS observationkere the exposure times are typically much longer
than in imaging, and the different components of the skytspat(continuum and emission lines systems) may
display different variability patterns.

Nothing is done yet to keep into account a possible sky viitiain the case of imaging observations. In the
case of MOS observations, instead, systematic residuakdianinated following different strategies, depending
on the fringing correction method applied:

Raw method: A sky + fringes map is created from the median stacking oftelltias subtracted input frames.
If the sky changed between exposures, the subtraction ofmédian sky will leave in general some
sistematic residuals on each data frame. Such residualem@s/ed at a later step by the sky modeling
task, that blindly will treat them as “sky”.

Resampled method: This method differs from theRaw method only with respect to the point at which the
median stacking of frames is applied. In this case the mediap is created after the slit spectra are
resampled at a constant wavelength step and the sky is rehbgvine standard sky modeling task. This
map is then subtracted from each processed frame.

The median map obtained by tHeesampledmethod should generally be regarded as a residuals mapy rath
than a fringes map. In fact, the sky modeling task is appliethis case to a sky that still includes its own
fringes: if a median sky level is computed at each waveleritgivalue would depend on the changing position

18 osses on the red and/or blue ends are unimportant, howsseause even parts of the pattern can be safely identified.
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of the object along its slit, while if the sky level is compdey polynomial interpolation, the polynomial would
tend to fit both sky and fringes.

The choice of what method to apply is not simple. Clearlyhd sky displays no variability during the obser-
vation the Raw method is the theoretically correct one, and should be pesfe not only because the object
detection task is more efficient if applied to spectra whégefsnges have already been removed, but also be-
cause with theResamplednethod an apparent sky variability may be introduced, eveenthe sky is perfectly
constant’

On the other side, if the sky spectrum is strongly changingveen exposures, th&esampledmethod tends
to give the best results, as the above mentioned drawbael@itweighted by the advantage of evaluating and
removing the changing sky on a frame-by-frame basis.

Probably the only safe way to proceed is to reduce the datgiaggoth methods, and judga posteriori the
quality of the sky fringing removal on the extracted objgmcra.

8.9 Computation of the spectral efficiency

The efficiency of an instrument is defined as the ratio betwaéetected photons and incoming photons, and can
be derived by comparing the observed fluxes with the taldiffixes of known objects.

The spectral efficiency of the VIMOS instrument is obtainedhie following way:

The extracted standard star spectruxi{)\) is converted inte~ s~ A1

S = thA(i\ :

whereg is the gain factor ine / ADU, ¢ the exposure time in seconds, afid the constant wavelength step at
which the spectrum was resampled after its calibration inelength.

The magnitude losseAm()\) listed in the column EXTI NCTI ON of the atmospheric extinction table (see
Table 6.18.2, page 116) are turned into flux losses, andeapfwithe observed spectrum:

So(A) = S(A) 1004 @ Am(Y)

where S, () is the spectrum at airmass zero ant the airmass of the standard star observation. The values
of the atmospheric extinction are linearly interpolateonirthe tabulated values for all the wavelength of the
observed spectrum. At those wavelengths where no atmaspheinction data are availablé,()\) is set to
zero.

The standard star catalog flux€$)\), given in erg cmi? s=! A—1, are converted into photons collected by the
telescope using

Ay

FO) =C) 2L

since in different exposures the object has different pmsitalong the slit, then the sky evaluation will be biasediifferent parts
of the fringing profile.
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Considering4; = 5.18 10° cn? the VLT efficient area, antlc = 1.98 10~8 erg A, one derives

F(\) =2610"2C(\) A

The efficiency is finally computed as

The efficiencyE () is set to zero at those wavelengths where no standard s&ogdluxes are available, and
is written to the columnRAW EFFI Cl ENCY of the output spectro-photometric table (see Table 6.X&§e
118).

The response curve used in the flux calibration of observisshtific spectra (see next Section) is obtained by:

R()\)is setto zero where no standard star catalog fluxes are alaiknd is written to the columRAW RESPONSE
of the output spectro-photometric table.

As a final step, botl&Z(\) and R(\) are passed with a very broad median filter and finally fit by & higgree
polynomial, in order to derive a heavily smoothed versionhef curves-® The smoothed curves are written as
well to the output spectro-photometric table, at the colsirfFI Cl ENCY and RESPONSE.

8.10 Flux calibration

Scientific spectra extracted by the recipgamosobsstaresmmosobsijitter and vmifusciencgcan be calibrated

in flux by specifying an atmospheric extinction table (sebl@#.18.2, page 116), and an appropriate spectro-
photometric table (see Table 6.18.6, page 118). The spphttometric table is the primary product of the
recipesvmmosstandardand vmifustandargand it must be derived from a standard star observation nétle
the same grism, the same filter, the same VIMOS quadrant henshime instrument mode (IFU or MOS).

An extracted scientific spectrunX; (), is flux calibrated in the following way:

The spectrum is first converted into s~ A—1:

g X(\)

SO =TAx

whereg is the gain factor ine / ADU, ¢ the exposure time in seconds, afid the constant wavelength step at
which the spectrum was resampled after its calibration imelength.

The magnitude losseAm(\) listed in the column EXTI NCTI ON of the atmospheric extinction table are
turned into flux losses, and applied to the observed spectrum

18The preliminary median filtering has mainly the purpose tmiglate obvious atmospheric (local) absorption bands,tamive all
weight to the spectral continuum of the observed standard st
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So()\) — S()\)lOOA a Am(X)

where S, (\) is the scientific spectrum at airmass zero and the airmass of the scientific observation. The
values of the atmospheric extinction are linearly integp@d from the tabulated values for all the wavelength of
the observed spectrum. At those wavelengths where no atrapsgextinction data are availablg,()\) is set

to zero.

Finally, the flux calibrated spectrum is derived as

where R(\) is the content of theRESPONSE column in the specified spectro-photometric table (seeasect
8.9, page 144).

The accuracy of the flux calibration mainly depends on thrunsent efficiency and other external factors (as
the timing of the shutters, the slit width, the seeing caodg and the airmass during both the scientific and
the standard star observations). However, excluding sswt systematic error, the applied method reaches an
accuracy of better than 0.5% at spectral efficiencies gréfade 10%.

8.11 vmdet

This recipe carries out the following fundamental steps:

1. Determining the read-out-noise.

2. Bias subtraction from all input flat fields.

3. Creating photon transfer curve, determining the gaitofac
4,

Bad pixels identification.

A description of each step is given in the following sections

8.11.1 Read-out-noise determination

Before subtracting the bias from the input flat field framhs, tead-out-noise(RON) is evaluated from the flat
fields overscan regions. Each overscan region is subtrdicieditself shifted by 1x1 pixels, and the variance
V' of the difference image is determined. The RON is estimased a

r = Z
V2
The mean value of the RON values obtained from each oversgporris the estimated RON of the CCD (in
ADU). At a later step, after the determination of the gairtdacthe RON will be converted into electrons and
written to the output bad pixel table header keywd80 DET OUT1 RON.
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8.11.2 Bias subtraction

The master bias is subtracted from each of the flat field usieg‘Zmaster” method, described in detail in
Section 8.3.

8.11.3 Photon transfer curve and gain factor determination

The gain determination is based on the paper by L. Mortarafariebwler [12]. The photon transfer curve is
the relation between the observed signal level and the eddesariance of this signal. In principle, both RON
and gain can be obtained by least squaring the relation

2
V= (f) L2
g g

where V' is the variance of the bias subtracted sigial(in ADU), ¢ is the unknown gain factor ie=/ADU

(corresponding to the data header keyw@®80O DET OUT1 CONAD), and r is the read-out-noise i ™.

Since the relation between the signal and its variance éafirwe can build the photon transfer curve from the
average signal and variance determined on just a portiomeochip.

From the central 200 x 200 pixel region of the CCD four diffgrphoton transfer curves are derived, one from
each quarter of this region. This is a way to obtain independeterminations of the gain factor, and allow an
estimate of the statistical error on the final result.

For each pair of flat fields with equal exposure time the medadne of the signal within the selected regions is
computed, while the variance is evaluated from the diffeeeof the pair of frames.

The final gain factor is determined as the mean

where g; are the gain values obtained from the linear fitting of ther fiodependent photon transfer curves.
The error on the gain is estimated as

1 [3(g — gi)?
2 3

(the factor 1/2 is converting the population standard deviation into eamthe mean — dividing by the square
root of the number of values contributing to the mean itselfye value of the gain is written to the bad pixel
table header keywordeSO DET OUT1 CONAD, and its inverse to its header keyworlSO DET OUT1
GAI N.

An estimate of the RON could also be obtained from this liféabut while with this method the gain deter-
mination is accurate, the RON determination turns out todxy poor. For this reason in the@mdet recipe
the RON is evaluated by directly measuring the variance @ktgnal within the overscan regions, as shown in
Section 8.11.1.
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8.11.4 Bad pixels identification

The representative exposure level of each pair of flat fieldls the same exposure time is determined as the
median level of the 200 x 200 central region of the images. nTdach pixel value from the same images is
compared to the corresponding exposure levels. A pixel ggéd as “bad” when the slope of the linear fit of

this table of values deviates from the expected slope by tharea given threshold.

The specified threshold is expressed in standard devidtiomsthe mean value of the slopes. In order to apply
this threshold correctly, and to determine what the exjpkskape is, the effects of the non-uniform illumination
of the CCD are kept into account: an empirical (polynomiat)del of the relation between the local illumination
level with both the expected slope and the expected variahtlee slope is determined by the recipe before
applying the specified threshold.

The detected bad pixels are written to the bad pixel tablannk and, if requested, as pixels of value 1 in a
O-filled image having the same size of the CCD (overscanseam@ved). For debug purposes, an error image
containing the uncertainties on the fitted slopes can alswdsed.

It should be clear that with the described method any pixat i not exposede(g, because it belongs to a
vignetted part of the CCD) would also be classified as “badndf it is capable of a regular response.

8.12 vmbias

This recipe carries out the following fundamental steps:

1. Optional cosmic rays removal (see Section 8.2).
2. Combination of input bias frames (see Section 8.6).

3. Optional bad pixel cleaning from output master bias frdsee Section 8.1).

The details of each step are explained in the specified sactio

8.13 vmdark

This recipe carries out the following fundamental steps:

1. Bias subtraction (see Section 8.3).

2. Optional cosmic rays removal (see Section 8.2).

3. Combination of input dark frames (see Section 8.6).

4. Optional bad pixel cleaning from output master dark fradgee Section 8.1).

The details of each step are explained in the specified ssctithe product master dark is divided by the total
exposure time of all input darks (in seconds).
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8.14 vmimflatscreen

This recipe carries out the following fundamental steps:

Bias subtraction (see Section 8.3).

Optional dark subtraction (see Section 8.4).

Optional cosmic rays removal (see Section 8.2).
Combination of input screen flat field frames (see Sectiéh 8

Creation of master flat field as normalisation of the combifiat field.

o g k~ w hoE

Optional bad pixel cleaning from output flat field framesg&ection 8.1).

Beyond the standard reduction steps, described in somi idettae indicated sections, only the flat field nor-
malisation procedure needs to be outlined here.

8.14.1 Screen flat field normalisation

The screen flat field is just used to determine the small-gbadd-pattern-noise. Any possible large scale trend
should be modeled and removed from the result frame, becdanseonly just reflects the characteristics of the
instrument detector and optics, but also the typically oaierm illumination of the screen by the calibration
lamp. A good determination of the large scale trends wouldbiained from asky exposure, where a uniform
field is actually observed — see Section 8.15.

A model of the large scale trends is obtained by first cleatiiegoad pixels from the combined screen flat field
(see Section 8.1, page 139) and then heavy smoothing tHe féeut, the original combined flat field is divided
by this smoothed version of itself, generating the masteyestflat field. In symbols,

B C
~ smooth(C)

where C' is the combined screen flat fieldy the master screen flat field, andnooth the smooth operator.

8.15 vmimflatsky

This recipe carries out the following fundamental steps:

1. Bias subtraction (see Section 8.3).
2. Optional dark subtraction (see Section 8.4).
3. Optional cosmic rays removal (see Section 8.2).

4. Combination of input sky flat field frames (see Section.8.6)
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5. Optional modeling of the large scale trends in the conmbsig flat field, to be applied to the input master
screen flat field.

6. Creation of the master sky flat field as simple normalisatibthe combined flat field to its median value.

7. Optional bad pixel cleaning from output master sky flatifigee Section 8.1).

Beyond the standard reduction steps, described in somiiddtze indicated sections, only steps 5 and 6 need
to be outlined here.

8.15.1 Modeling large scale trends

This optional step is carried out when a master screen flatvak specified in the input SOF.

In general, the combination of the input frames is suffickenproduce an acceptable master sky flat field for
use in the flat field correction of imaging science frames. E\@v, in order to eliminate the contributions of
field stars on the jittered sequence of sky flat fields, the éraombination method must be based on a rejection
algorithm (rather than on a simple average). As a conse@J¢he combined master sky flat field tends to be
noisier than a combined master flat field.

To solve this problem it is possible to use the small-scdlarimation contained in a master screen flat field (see
Section 8.14, page 149) and apply it to the more reliableslzigple trend of the combined sky flat field.

First, the combined sky flat field is divided by the master earélat field, in order to eliminate the small-
scale fixed-pattern-noise; next the bad pixels are cleasem $ection 8.1, page 139), and a heavy smoothing is
applied. The model of the large-scale trend obtained inwiaig is finally multiplied by the master screen flat
field, resulting in a better quality combined sky flat field.symbols,

- 5)
S =F smooth<F

where S is the combined sky flat field/” the master screen flat fieldynooth the smooth operator, and’
the improved combined sky flat field.

8.15.2 Combined flat field normalisation

The combined sky flat field, whatever way produced, is divideds median level. The output is defined as the
master sky flat field to be used in the reduction of sciencedsam



Doc: VLT-MAN-ESO-19500-3355
ESO VIMOS Pipeline User Manual | /Ssue: Issue 5.
Date: Date 2009-07-07
Page: 151 of 188

8.16 vmmasktoccd
This recipe carries out the following fundamental steps:

1. Source detection on input pinhole image.
2. Matching mask pinholes with sources detected on the f@rihage.

3. Determination of the Mask to CCD transformation and it&emse.

A description of each step is given in the following sections

8.16.1 Source detection

After applying the standard reduction steps (bias subtmacflat fielding, cosmic rays and bad pixel cleaning if
requested, etc.), the detection of the pinholes imageseo@@D is made applying SExtractor [8] in PSF fitting

mode. SExtractor is run twice: the first run is meant to deteenthe instrumental PSF (or, more precisely, the
convolution of the pinholes shapes with the instrumentdf)RS a function of the CCD coordinates. A second
SExtractor run is performed taking into account this PSF ehod

8.16.2 Matching mask pinholes with their CCD images

The pinhole coordinates are read from the ADM included initipait image header, and transformed into CCD
expected positions using the “first guess” Mask to CCD tiamsétion. The actual position of a pinhole image
on the CCD is searched within a given radius, and if more threnmatch is found then the brightest is chosen.

8.16.3 Determination of Mask to CCD transformations

A bivariate polynomial fit (see Section 7.2.1, page 131) gsmed on pinholes mask positionss detected
positions on the CCD. First just a linear fit is tried, detering scale, offset, and rotation. Next a bivariate
polynomial fit of the residuals is iterated a given numberiofess, rejecting at each iteration any detected
position deviating more thant- RMS from the model, until the Mask to CCD transformation isedeined.
The inverse transformation, from CCD to Mask, is obtainednverse fit of the selected points.

8.17 vmskyccd
This recipe carries out the following fundamental steps:

1. Object detection on input astrometric image.
2. Matching stars with astrometric catalog entries.

3. Determination of Sky to CCD distortion.

A description of each step is given in the following sections
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8.17.1 Object detection

After applying the standard reduction steps (bias subtnacflat fielding, cosmic rays and bad pixel cleaning
if requested, etc.) the input astrometric field exposuredsgssed by SExtractor [8]. A table with the detected
objects and their parameters is produced.

8.17.2 Star matching

All the stars are selected from the detected objects. Nbgtr CCD coordinates are transformed into celes-
tial coordinates using the WCS and the “first guess” CCD todikyortion model found in the header of the
astrometric image (see Figure 7.2.1, page 133).

The applied CCD to sky distortion, used to transform real Qid@Is into virtual ones (see Section 7.2.2, page
132), is also corrected for temperature effects. Indicatiith Cx(X,Y) the X component of the CCD to
sky distortion model, the coordinat&,, of the virtual pixel is computed as

Xy = S(T) ’ (CX(X’Y) _Xc) + X,

where X and Y are the real CCD coordinates¥. is the central X coordinate of the CCD, and'(7") is
the temperature correction factor given by

S(T) = k(T — Tp) + 1

where k£ = 6.0 - 10—4/0(] is the thermic expansion coefficient]" the beam temperature, and,, the
temperature at which the used “first guess” CCD to sky distonnodel was evaluated. In the same way the

Y, = S(T)- (Cy(X,Y) ~Y,) + Y.

is applied.

After the objects celestial coordinates are computed, amaimade with the entries of the specified astrometric
catalog, leading to a list of detected astrometric stars.

8.17.3 Determination of Sky to CCD distortions

Applying the WCS in the astrometric image header, the cgtesbestial coordinates of the detected astrometric
stars are transformed into CCD coordinates, and matchéaiodctual (.e., derived by SExtractor) coordinates
on the CCD. A bivariate polynomial fit (see Section 7.2.2,0482) is performed on theoretical positions
real positions on the CCD, and vice versa, leading respagtio the Sky to CCD and the CCD to Sky distortion
modeling.

The quality of the distortion modeling can be judged by the R the model fit residuals, but most critical
is the distribution of the astrometric stars on the fieldsgw: it may happen that too few astrometric and
badly distributed stars are available for a reliable fit. ISuases may be screened by a visual examination of
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the astrometric image, but the computation of a uniformitgteix of the astrometric stars distribution on the
field-of-view is helpful. To be dong

8.18 vmimstandard

After applying the standard reduction steps (bias subtnagcflat fielding, cosmic rays and bad pixel cleaning if
requested, etc.), this recipe carries out the followinglamental steps:

1. Object detection on input standard stars field image.

2. Matching stars with photometric catalog entries.

The object detection and the matching of the detected siinighve entries of a photometric catalog are carried
out as in the recipevmskyccd (see Section 8.17, page 151). This recipe produces a talitee atflentified
standard stars, with their positions, their catalog mamgi@s in all the available bands, and their instrumental
magnitudes (determined by SExtractor [8]). Further precegsof an appropriate set of this kind of table (see
for instance the recipemimcalphot Section 6.9, page 84) would make possible to determined mggopoints,
atmospheric extinction coefficients, and colour terms.

8.19 vmimcalphot

This recipe is used to determine night zeropoints, atmaspbgtinction coefficients, and colour terms from a
set of star match tables, produced by the recipgimstandard(see Section 6.8, page 79). The input star match
tables must all be derived from exposures made with the sdime fi

In general this problem is solved by a robust minimisatiotheflinear system
Z—E-A-C-C;=AM;

where, for a given stai, AM; is the measured difference between the catalog magnituditharinstrumental
magnitude in the appropriate ban@; is the star colour index, and! is the airmass. The unknown terms are
the atmospheric extinction coefficiedf at the considered band, the colour terth) and the zeropointZ.

However, it is also possible to derive a solution by freezimgvalues of either or both of the unknowiis and

FE; while Z is always determined, freezing@ would permit the determination of just the best coefficient
and vice versa. Freezing bothh and £ would determineZ as a simple estimate oA M; (plus an offset).
Such cases, and in particular the last one, would typicalyfeferred in the case that just a small number of
stars were available.

8.20 vmimpreimaging

This recipe is used to convert the instrument distortiorse Gection 7.2.2, page 132) into the CO-matrix conven-
tion followed by the VIMOS mask preparation software (VMMP3$he distortions encoded in the computed
CO-matrix include the temperature effects (see Section.8,page 152).
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The conversion from the internal VIMOS convention to the @@trix convention is made using a regular
10x10 grid of CCD coordinates that are first transformed oetestial coordinates applying the distortion and
transformation models found in the image header. The diraasformation from celestial to distorted CCD
coordinates is then fitted by the CO-matrix model, using thpr@priate functions of the SAO WCSTools
package [10].

This recipe also applies to the input image the same datatiedwsteps applied by the recipasnimstandard
and vmimobsstareexcluding the source detection task [8]. The magnitudepant from a given photometric
table might also be added to the reduced image header.

8.21 vmimobsstare

This recipe is used to reduce a single scientific exposur@gaéstdmaging mode, and it carries out the following
fundamental steps:
Bias subtraction (see Section 8.3).

. Optional dark subtraction (see Section 8.4).

1.

2

3. Flat field correction (see Section 8.5).

4. Optional bad pixel cleaning (see Section 8.1).
5. Optional cosmic rays removal (see Section 8.2).
6

. Source detection (running SExtractor).

The details of each step are explained in the specified ssctidbout the source detection task, please refer to
the SExtractor documentation [8], that can be found at

http://terapix.iap.fr/rubrique. php?i d_rubrique=91/index. htm .

8.22 vmimobsijitter

This recipe is used to reduce a sequence of scientific exgesintained in direct imaging mode, and to align
and sum the results in a combined frame. The data reductms stpplied to each frame are the same applied
in recipe vmimobsstareThe only difference lays in the final frames combinatiomt ttonsists of the following
fundamental steps:

1. Determine a common pixelisation and coordinate systerthébcombined frame.

2. Resample the single reduced frames to the new pixelisatio

3. Combination of the resampled frames (see Section 8.6).

A description of the first two steps is given in the followingcsions.
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8.22.1 Determination of common coordinate system and pixisation

The common coordinate system and pixelisation for the coetbframe are simply those of the first frame of
the input sequence. The range of celestial coordinatesedty the union of all the input images is determined,
and the pixel range of the first frame is expanded accordingly

8.22.2 Resampling of reduced frames

For each single reduced image, an output image with the conooordinate system and pixelisation defined
above is allocated. The coordinates of each pixel of theututpame are converted to celestial coordinates
using the common WCS, and then converted to the pixel coatelnof the input image, using its specific
WCS1 The interpolated value of the nearby pixels — 4 pixels foineiér and 16 for bicubic interpolation —
is computed, and written to the running pixel position of twgput image. Coefficients and formulae for the
bi-cubic interpolation are taken from “Numerical Recipg$'Ed., page 119.

8.23 vmspflat

This recipe carries out the following fundamental steps:

1. Creation of the combined flat field from the input raw flatdiekposures.

2. Creation of the normalised master flat field from the corabifiat field.

A description of each step is given in the following sections

8.23.1 Creation of the combined flat field

After applying the standard reduction steps (bias subtmacbad pixel cleaning if requested, etc.), the input
MOS flat field images are stacked together according to theifgguk frame combination method (see Section
8.6, page 141).

8.23.2 Normalisation of the combined flat field

The combined flat field normalisation is carried out in fourpst. First, each slit spectrum is extracted and
remapped removing the spatial curvature; then it is hearipothed (with a filter or with a polynomial fit); the
smoothed result is mapped back to its original reference fiaally the combined flat field image is divided by
the image of smoothed spectra.

The result is the master flat field, that may be used by othex datuction recipes for applying a flat field
correction.

1t is well known that an alignment of the input images baseelgmn the images WCSs is not sufficiently accurate, and the
described algorithm still needs to be improved in this respRreliminary tests have also indicated that the imaggaients obtained
with this recipe tend to be more inaccurate at larger offe¢vben images. Work is in progress to solve these problems.
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The spectral optical and curvature models are necessarg frrect remapping of the spectra during the
smoothing operation. For this purpose the “first guess” ef th component of the optical distortion model
is improved, together with the “first guess” of the spatialvetiure model, by tracing the edges of the slit spectra
and fitting the found positions (see Section 7.3.3). Theomponent of the optical distortion model cannot be
determined, because flat field spectra do not offer any laridalang the dispersion direction. For this reason
the optical and the curvature distortion models derivechwitmspflat cannot be considered consistent with
the wavelength calibration determined witimspcaldisp and therefore cannot be used for any other purpose
(including writing them to the VIMOS IWS configuration files)

A more detailed description of the spatial curvature debeation is given in Section 8.24.3.

8.24 vmspcaldisp

This recipe carries out the following fundamental steps:

1. Creation of the combined arc lamp frame from the input reslamp exposures.
2. Determination of the spectral optical distortion modehii the combined arc lamp exposure.
3. Determination of the spatial curvature from the combireabter flat field (if given: see Section 6.14).

4. Determination of the inverse dispersion solution.

A description of each step is given in the following sections

8.24.1 Creation of the combined arc lamp frame

This operation is performed in the same way as for the creatfdhe combined flat field described in Section
8.23.1.

8.24.2 Determination of the optical distortion model

The x and they components of the optical distortion models are determbned bivariate polynomial fit of
a list of corresponding mask and CCD positions (see Secti®R)7

To determine the CCD position of the reference wavelength corresponding to the coordinates:, y) of
the centre of a slit on the mask, a template of the expectadrpaif lines in the close neighbourhoods of the
reference wavelength position is built (see Figure 8.24.1)

The template (typically consisting of a pattern of 3-5 linistried at different CCD positions around the
expected position derived from the “first guess” opticatatison model, searching for a maximum match. To
avoid flat maxima in the search of the bekt coordinate, the pattern is also made as wide as the slit wiadlth
the CCD. The search is repeated at slightly different vabfate dispersion (around the one expected at the
position of the reference wavelength), to make the seatmlstagainst possible slight changes of the instrument
distortions.
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Template

=<

Reference line— 7= Auxiliary lines

Figure 8.24.1Pattern matching for optical distortion model determioaiti

The pattern matching search is repeated for each slit of tiekyand when the list of matching mask and CCD
coordinates is completed a new optical distortion modellmfit.

An optical distortion model fit is not performed if there arat knough slits: the number of slits must be at least
twice the number of free model parameters. In addition te, the slits coordinates on the mask must span at
least 50mm both inthex and inthey direction. If these conditions are not met, then the “firstggl optical
distortion model is left untouched, and used “as is” in thea@ing reduction steps.

8.24.3 Determination of the spatial curvature model

If a combined flat field is passed tomspcaldisp then the spatial curvature “first guess” model can be imgualov
The procedure is identical to the one applied in thimspflat recipe, but the curvature model derived with
vmspcaldispis different because it is based on a better optical distonthodel determination.

The spatial curvature model is refined starting from its tfgeess”, used in combination with the just derived
optical distortion model. The edges of all the slit spectralacated and traced in the combined master flat, and
are fit by a polynomial shape. Currently a second degree patja is used for this purpose. Thgobal spatial
curvature model is then determined by fitting the values lofhal coefficients of all the local polynomials, as
a function of the position(z,y) of the slits ends on the mask. The bivariate polynomial useithé fit has
currently 2x2 free coefficients.

For details on the polynomials used in the spatial curvatuneeling, see Section 7.3.3.

A spatial curvature model fit is not performed if there are @obugh slits: the number of slits must be at least
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twice the number of free model parameters. In addition te, the slits coordinates on the mask must span at
least 50mm both in the x and in the y direction. If these conditions are not met, then the “firseggl
curvature model is left untouched, and used “as is” in theaiaing reduction steps.

8.24.4 Determination of the inverse dispersion solution

Each CCD pixel laying on the image of a slit main axis (corcgpng to the spectrum reference wavelength) is
used as a starting point in extracting a 1D-spectrum. Suthation is performed following the spatial curvature
model, that for each CCD pixel definesraw on the slit spectrum (see Figure 7.3.1, page 136).

As an optional preliminary step in the determination of the inverse dispmer relation, the spectrum corre-
sponding to the central row of the slit is extracted. Nexgraplate of the arc lamp spectrum is created from the
line catalog: the template consists of a list of wavelengtirivals, each centred around a catalog wavelength
and with a size depending on the slit width. When differemdws overlap, they are merged into a single
wavelength interval.

The extracted central spectrum is then compared to the arp teamplate, attempting to pre—tune the local
solution derived from the “first guess” global IDS. The pogihg operation is performed in the following steps:

1. The logarithm of the extracted spectrum is computed.

2. The first guess polynomial relation between and Y CCD pixel is extracted from the “first guess”
global IDS. A grid of sampling values is defined for the coddiits of this polynomial (currently the only
modified coefficients are the constant term and the disperse, the coefficientsd, and d; defined in
Section 7.3.4).

3. Using the polynomial corresponding to each node of thé gfrcoefficients values, the arc lamp template
is transformed into pixel intervals on the extracted spentr

4. The logarithm of the extracted spectrum is integratethénptixel intervals obtained at point 3. The result
of this integral is used as enatch index

5. The polynomial having the coefficients correspondindiéothe highest match index is selected, replacing
the header “first guess” for the examined slit.

Once the “first guess” polynomial is pre—tuned, it is useddtwertly identify the arc lamp lines in all slit spectra,
and to determine their accurate position.

The line identification is done by selecting on the extrageectrum the peak which is closest to its expected
position. The position of the identified line is determingdabpeak search algorithm run within a window of
given size (see Section 6.14).

An alternative way to identify lines is provided, the soledl blind method, that doesn’'t need any first-guess
IDS model, being based on pattern recognition. This methatkscribed in some detail in Section 8.7, page
142.

Once a table of identified lines positions is completed fergktracted spectrum, a polynomial transformation
from catalog wavelength to pixel position is determined pi€glly the polynomial transformation is o8"?
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order for low dispersion grisms, and'” order for higher dispersion grisms (see Section 7.3.4)s Phicess
is repeated for each row of each slit of the mask, and all thdieas are written to the output extraction table
(see Table 6.14.3, page 101).

The global IDS model is determined by the bivariate polyradifitting of the coefficients of the local polyno-
mials, as described in Section 7.3.4. Currently this mods|3x3 free parameters.

An inverse dispersion solution is not determined if theerast enough slits: the number of slits must be at least
twice the number of free model parameters. In addition t¢, the slits coordinates on the mask must span at
least 50mm both inthez and in they direction. If these conditions are not met, then the “firstggi global
IDS is left untouched, and used “as is” in the remaining réidacsteps.

Plots of arc lamp spectra from different grisms and lampslioations are given in Figures 8.24.2-8.24.10,
where the spectral lines used in the wavelength calibratremrmarked.

A list of all the used calibration lines available from theliden, Argon and Neon lamps within the spectral
range of all the VIMOS grisms is given in tables 8.24.1 andl&2
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Wavelength (A) | Element | Note
3888.650 He
4026.190 He
4471.480 He
4713.143 He
4921.929 He
5015.675 He
5400.560 Ne
5764.418 Ne
5852.488 He
5875.618 He
5944.834 Ne
6029.997 Ne
6074.338 Ne
6096.163 Ne
6143.062 Ne
6163.594 Ne
6217.281 Ne
6266.495 He
6304.789 Ne
6334.428 Ne
6382.991 Ne
6402.246 Ne
6506.528 Ne
6532.882 Ne
6598.953 Ne
6678.150 He
6678.200 He+Ne | blend 6678.150 + 6678.280
6678.280 Ne
6717.043 Ne
6929.468 Ne
6965.430 Ar
7032.413 Ne
7065.188 He
7173.939 Ne
7245.167 Ne

Table 8.24.1Arc lamp calibration lines available in the VIMOS spectrahge (continued in Table 8.24.2).
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Wavelength (A) | Element | Note

7272.936 Ar

7281.349 He

7383.980 Ar

7438.899 Ne

7488.872 Ne

7503.867 Ar

7507.000 Ar blend 7503.867 + 7514.65{1
7514.651 Ar

7535.770 Ne

7544.046 Ne

7635.105 Ar

7723.800 Ar blend 7723.76 + 7724.21
7948.175 Ar

8006.156 Ar

8012.000 Ar blend 8006.156 + 8014.786
8014.786 Ar

8103.692 Ar

8110.000 Ar blend 8103.692 + 8115.3111
8115.311 Ar

8264.521 Ar

8300.326 Ne

8377.607 Ne

8408.210 Ar

8415.000 Ar blend 8408.210 + 8424.64{7
8424.647 Ar

8495.360 Ne

8521.441 Ar

8634.648 Ne

8654.383 Ne

8667.943 Ar

8780.622 Ne

8853.866 Ne

9122.966 Ar

9224.500 Ar

9657.780 Ar

Table 8.24.2(Continued from Table 8.24.2) Arc lamp calibration linesgable in the VIMOS spectral range.
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Figure 8.24.2:LR red arc line spectrum from 5800 to 9300 Angstrom. The lumed for calibration are
indicated.
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Figure 8.24.3:LR blue arc line spectrum from 3800 to 6750 Angstrom.

indicated.

Theslumsed for calibration are
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Figure 8.24.4MR arc line spectrum from 4800 to 9800 Angstrom. The lined émecalibration are indicated.
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Figure 8.24.5:HR blue arc line spectrum from 4000 to 5500 Angstrom. Theslumged for calibration are
indicated.
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Figure 8.24.6:HR blue arc line spectrum from 5250 to 6750 Angstrom. Theslimged for calibration are
indicated.
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Figure 8.24.7:HR orange arc line spectrum from 5000 to 7000 Angstrom. Tieslused for calibration are

indicated.
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Figure 8.24.8:HR orange arc line spectrum from 6050 to 8050 Angstrom. Theslused for calibration are
indicated.
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Figure 8.24.9:HR red arc line spectrum from 6500 to 8100 Angstrom. The luma=d for calibration are
indicated.
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Figure 8.24.10:HR red arc line spectrum from 7600 to 9200 Angstrom. The limesd for calibration are
indicated.
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8.25 vmmosobsstare

This recipe is used to reduce one exposure made in MOS modefollbwing fundamental steps are carried
out:

1. Bias subtraction (see Section 8.3).

2. Optional dark subtraction (see Section 8.4).

3. Optional flat field correction (see Section 8.5).

4. Optional bad pixel cleaning (see Section 8.1).

5. Align distortion models to sky lines positions.

6. Slit spectra extraction.

7. Object detection.

8. Sky modeling and subtraction from extracted slit spectra

9. Object extraction.

10. Flux calibration of extracted spectra (see Section)8.10

Beyond the standard reduction steps, described in somi idetse indicated sections, only the last five steps
need to be outlined here.

8.25.1 Align distortion models to sky lines positions

A set of sky lines, dependent of the spectral range coveralégrism in use, is taken as reference for aligning
the spectral distortion models to a possible variation efitistrument mechanical flexures. For each slit spec-
trum, the distortion models derived from the calibratiotedare used to look for the reference sky lines around
their expected positions along the spectral dispersiacton. The median offset between the expected and the
observed positions is added to thiecomponent of the optical distortion model (see Section27 gage 134),
that will be then used in the extraction of the slit spectra.

8.25.2 Slit spectra extraction

Each slit spectrum is read from the pre-processed input éntdlowing the shapes of the modeled spectral
distortions (see Section 7.3.5). The slit spectra are awagampled along the cross-dispersion direction at
a 1-pixel step, and along the dispersion direction at theeleagth step defined by the keywoeRO W.EN

I NC of the used grism table, ensuring that the flux is conservée.résampled values are written to an output
image that contains all the rectified slit spectra alignedawelength (with slit 1 at bottom).
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8.25.3 Object detection

After the slit spectra are all extracted and rectified, aat@r algorithm is run to locate the emission of possible
objects. The mean spatial profile of each slit spectrum igeded in the wavelength range specified in the used
grism table (see Section 6.15, page 106), excluding cosayievents. The profile is analysed, looking for
signal significantly above the background noise.

The background level and its associated noise are detedneimgirically, computing iteratively a robust esti-
mate of the most probable value in the profile, and excludirgpah iteration all values with positive residuals
greater than their population RMS. The final population REl&ken as the noise level.

All the profile values exceeding the background level by aifigel number of noise sigmas are selected. Each
unbroken sequence of selected profile values is taken asjact cindidate. If a sequence of values is shorter
than a specified amount (see paramd#inObjectSize Table 6.15.5, page 109) it is rejected. If a sequence of
values is longer than another specified amount (see pararivagObjectSizg an attempt is made to unblend
the object into sub-objects, that will be then extractechssiely. The unblending operation is made using a
watershed algorithm to analyse the structure of the sublgrand to reassign portions of the sequence to the
identified sub-objects.

8.25.4 Sky modeling

Once the positions of the detected objects on the extracigdeatified slit spectra are determined, it is possible
to analyse the values of the sky pixels to estimate the slgl lgithin the regions containing the objects. For
each wavelength, the median sky level may be computed atateghin the objects regions or, alternatively,
a polynomial fit may be tried on the sequence of available sflyes, and the interpolated values used at the
object positions. In all cases, the sky values — real or cdatpy are subtracted from the extracted slit spectra.

8.25.5 Object extraction

The object spectra are extracted from the rectified and skiratted slit spectra. The method used may be
a simple aperture extraction, where all the signal incluotethe object region is integrated, or, alternatively,
an optimal extractioni.e. an average of the signal optimally weighted by a functionhef signal noise. The
optimal extraction takes also care of removing the cosmys entamination, and resolves the possible effects
of a residual spatial curvature. The algorithm used is the d@escribed by K.Horne (1986), in PASP vol.98,
p.609. It should be noted that this method is not suitableekdended or blended objects, or for objects only
consisting of emission lines (with no continuum), wheredbgct profile might not be modeled properly.

While the aperture extraction is applied to the regionsiokthby the object detection task and specified in the
window table (see table 6.15.3, page 107), the optimal etivrais applied to a region having twice that size,
provided that this wouldn’t exceed the slit boundaries.

8.26 vmmosobsijitter

This recipe is used to reduce a sequence of exposures mad@&rivbde. The following fundamental steps
are carried out for each input frame:
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1. Bias subtraction (see Section 8.3).

2. Optional dark subtraction (see Section 8.4).

3. Optional flat field correction (see Section 8.5).

4. Optional bad pixel cleaning (see Section 8.1).

5. Align distortion models to sky lines positions (see S&t8.25.1).

6. Slit spectra extraction (see Section 8.25.2).

7. Object detection (see Section 8.25.3).

8. Sky modeling and subtraction from extracted slit spe(steg Section 8.25.4).

The following steps involve all the images containing theawted and sky subtracted slit spectra:

1. Align and combine the processed images.

2. Iterate the object detection on the combined image (se#0863.25.3).
3. Object extraction from the combined image (see Sectidh.B).

4. Flux calibration of extracted spectra (see Section 8.10)

Beyond the reduction steps described in some detail in tiedted sections, only the image alignment needs
to be outlined here.

8.26.1 Align and combine the processed images

The object detection task applied separately to each pedesame is expected to lead to the detection of a
number of objects (at least the brightest ones). Their jpositare then correlated between images, leading to the
determination of a median offset valid for each exposuratinadly to the first exposure of the jittered sequence.
The images are aligned and resampled accordingly, befamg bembined using a median combination method
(see Section 8.6).

8.27 vmmosstandard

The data reduction steps applied by this recipe are the sath@se applied by themmosobsstareecipe. The
only extra operations is the determination of the efficieang response curves as described in section 8.9.
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8.28 Overview of the VIMOS IFU data reduction procedure

In this section, an overview of the IFU data reduction praceds given. This procedure is not yet completed
in the current pipeline release, and it needs further tggtin evaluating its robustness and reliability. The dis-
tributed IFU pipeline recipes should be considered as arbltase offered for evaluation to a wider community
of users.

8.28.1 Required data

For the described data reduction three different types pbsures are required:

e Flat field lamp exposure
e Arc lamp exposure

e Science exposure

where it is assumed that all the datasets have been biaactgot(see Section 8.3, page 141).

The data reduction strategy is based on the idea of aligihiedracings of the flat field spectra directly to the
tracings of the brightest science spectra. This alignmenidvcompensate the traslation and the rotation of the
spectra caused by the instrument mechanical instabjlitieking it possible to optimally extract all the scientific
spectra. In general the flexure component along the disgedsiection would not be accurately determined in
this way (for geometrical reasons), but this is then solvedllgning the wavelength calibration obtained from
the arc lamp exposure to the sky lines in the science exposuby applying a model of the instrument flexures
along the dispersion direction.

This method is advantageous because it does not requireasibyation to be taken during the night. Data re-
duction would be possible with flat field and arc lamp exposoigtained at daytime, provided that the following
conditions are fulfilled:

1. Theinstabilities of the instrument (flexures) and of the mask (mechanical play) would never introduce
offsets larger than 2 pixels on the spectra positions on BB &°

2. At least one spectrum of the science exposure should beafoée (with the current method a spectrum
begins to be safely traceable when the signal reaches fixel).

A second strategy may be applied in the unfortunate casedhstience spectra are traceable. In such a situation
the alignment of the flat field tracings to the science coully tre based on other sources. For instance,
an arc lamp exposure may be obtained before and after thetifici@bservation. The two exposures would
be correlated to obtain the differential flexure, and them standard tracing solution from the day flat field
calibration would be aligned to the mean flexure positioramigd. In the current data reduction system this
method is not yet implemented, and when no traceable skigespiectra are available the extraction mask
obtained from the flat field exposure is used without aligninen

20As of today (May 2005) this condition is not yet fulfilled, atiterefore night calibrations are still mandatory.
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8.28.2 Fibers identification

Please refer to Section 3.5, page 17, for the conventiorginssumbering the IFU components.

By fibers identification we mean here the correct associatioa fiber position on the IFU mask to a corre-
sponding position on the CCD. If a conventiorigl coordinate i(e., measured along the dispersion direction)
is chosen on the CCD, the fiber identification would consisigsfigning to each fiber it§ position along this
reference line (see Figure 8.28.1).

Flat field spectra

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 8.28.1The referencé’, coordinate in the fiber identification procedure is convendlly fixed.

Such an identification is given even in the case a fiber is rgibie, either because it is damaged, or lost in the
vignetted part of the CCD, or even purposefully masked.

The fiber spectra identification is always carried out on afitdtl exposure. Preliminary identifications, per-
formed manually on a set of reference flat field exposures f@neach grism/quadrant combination), are avail-
able in the calibration directory. Such safe identificasi@ame used as reference and transferred to any other flat
field by cross-correlation. With this method it is possibdestfely identify fibers even in presence of major
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instabilities of the instrument (currently the correlati@dius is set to 10 pixels).

Alternatively fibers may be even identified without any figstess on the CCD position of the fiber signal. This
blind fibers identification is based on a folding analysistmreference row of the input IFU flat field exposure,
to roughly determine the position of the gaps between blotkss method safely rejects false gaps due to IFU
head masking, dead fibers, and bad CCD columns. After thé@usiof the gaps are determined, a correlation
of each 80-fibers block with a grid of 80 5-pixel-spaced pwistperformed, leading to the final identification

of the fibers within each block.

The blind fiber identification would not be bullet-proof iretlcase that either the first or the last fiber block is
cut by the vignetted part of the CCD. Rather, the ambiguitsosiuced by the possible loss of fibers at the other
end of the block would be inherent to the data, and there wbeldo way to safely identify the visible fibers

(but by a judgmenta posteriori on the quality of the reduced data).

Both the described methods are applicable by recipgfucalib (see Section 6.19, page 118).

Figure 8.28.2Fiber identification along the cross-dispersion directidrhe gap between the first and the second
blocks of fibers is visible on the right. On the left the posisi of two fibers lost to the IFU head shutter are

marked.
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8.28.3 Tracing spectra

The tracing of each fiber flat field spectrum is a relatively @enmatter, given the typically high S/N ratio

reached in flat field exposures. The stArtpositions for the tracing, at a conventiorid) coordinate on the

CCD, are those obtained by the fiber identification task (semi@ 8.28.2, page 175). Such positions are then
used as first-guesses for the peak positions afrthe 1 andY, — 1 coordinates, that are respectively used

as first-guesses for thg, + 2 andY, — 2 coordinates, and so on, till some predefined limits set fectsal
extraction are met.
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Figure 8.28.3Tracing of fiber spectrum 73 of HR_orange flat field in quadrarB@8th axis are in pixels.

The list of X positions obtained for each fiber at eachcoordinate would then be modeled by a low degree
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polynomial, with the intent of eliminating the outliers amtreasing the tracing accuracy. In the following this
polynomial will be indicated withX;(Y"), wherei is the fiber sequence number.

During the spectral tracing operation, the presence of dachar lost fibers will also be determined. If for a
given fiber the search for a peak will fail beyond a given pfedel rate, then the corresponding fiber will be
flagged as “dead”, and will not be treated in the science spegtraction.

The trace operation is carried out on a median filtered imdgeftat field exposure (currently the smoothing
box is set to 1x15 pixels), to avoid the derailment of theitrgdy cosmic rays, bad pixels, or zero-order
contamination in the case of LR observations. The accuratlyedaracing is typically of 0.01 pixel (see Figure
8.28.3).

The tracing of all the detected flat field spectra, performgdhe recipe vmifucalib (see Section 6.19, page
118) leads to the definition of the extraction mask that walused in the extraction of the scientific spectra
associated to the flat field.

8.28.4 Background subtraction

It can be seen that straylight is absent, or negligible, iIM@E IFU scientific observations.

However, this is not the case for flat field exposures, whereaglght apparently correlated with the strong
spectral signal can be observed. The background level istali of the illumination level. This has no

negative effect on the spectral tracing, but it may intradacnon-negligible bias in the determination of the
relative transmission correction factors for each fiber.

If a complete tracing solution is available for a given expresit is possible to precisely locate the regions where
the background level can be evaluated, along the gaps between the 80-fibers blocks, and in any ptingon

not containing spectra. The background pixel values awdfitly a low degree bivariate polynomial, and this
model values are interpolated and subtracted from ther@ignage.?!

8.28.5 Determination of the fiber profiles

On a background subtracted flat field exposure, the first aamth#t spectra of each 80-fibers blocks are consid-
ered. The 10 half-profiles facing the background regionsheansed to determine the fiber profile down to the
zero signal level.

Preliminarily, following the accurate tracing of each fipwe interpolated maximum value of the fiber signal at
each coordinate along the dispersion direction is detachirsuch values will be used in the normalisation of
the pixel values obtained at eakhcoordinate.

All the pixel values of the half profile are assigned to thegtahce from the profile centroid derived from the
tracing solution (see Figure 8.28.4) up to a distance of Blpiwhere the ground level is reached.

Thanks to the spatial curvature, different pixelisatiohthe fiber profile are available at different positions along
the dispersion direction. The fiber flat spectrum is cut interivals each of the order of hundreds of pixels, and
for each one of these intervals all the pixel values contiriguto the profile are normalised to the value of the

2IThis is not implemented in the current release.
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Figure 8.28.4:Reading the fiber profile. In this example, some fiber profilesirad a gap between two fibers
blocks are shown. The last fiber profile at the left of the gagkpeat the pixel position 510.42 (obtained from
the tracing solution). The pixels distances from the peaditipm are assigned to each measured pixel value.
Also, the value of the pixel immediately before the positibthe maximum is used, since the contamination
from the previous fiber is shown to be negligible (at aboub@Bof the peak intensity).

peak maximum computed as described above. If the contriteifrom the 10 different fiber profiles are shown
to be consistent with each other they may be merged into ¢esitzgaset.

In this way an interval of about 5 pixels is populated withedirevaluations of the empirical profile of the fiber
spectrum. These values are then averaged within a grid depreed bins, and tabulated.

Any change in the profile shape as a function of the chosenvaitalong the dispersion direction can also be
modeled. Whether or not this will turn out to be necessarh@\YIMOS IFU case will be decided as soon as a
complete study of the reconstructed profiles is realised.

The colour dependency of the reconstructed profile is nigdgigless than 2% between profiles reconstructed
from red and blue regions), but the differences betweenthé0 studied fibers cannot always be neglected. In
the current pipeline release the standard (numerical) hafdee fiber spatial profile is adapted to the brightest
(and uncontaminated) parts of the observed profile of eadh. fibhe fit is performed simultaneously in all

wavelengths, in order not to introduce extra noise. Thisedignt significantly improves the spectral extraction,
compensating for the differences between fibers, and magaigé proper reduction of observations obtained in
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less than optimal conditiong.g, out of focus).

Examples of reconstructed fiber profiles are given in Fig8r28.5 and 8.28.6. Each plot contains about 24,000
pixel values covering the entire spectral range. The irsgad noise in portions of the HR_blue plot is due to
pixel values coming from the faintest pakt (50e~/pixel) of the spectrum. Similar plots from LR grisms are
perfectly consistent with the ones obtained from HR datacbatain less points. It should be noted that the
slightest error in the tracing solution-(0.05 pixel) would introduce major discontinuities in plots likee ones

in Figure 8.28.5.

Figure 8.28.50bserved cross-dispersion profiles of spectra from fiberdr6the central slit of quadrant 3.

The modeled curve is the convolution of the true fiber profiihuhe pixel box. This is exactly what is needed
in the spectral extraction process: any point of this cuswheé value that a pixel at that distance from the profile
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centroid would have. This makes the reconstruction of thudilprto be used in the spectral extraction task at
each pixel position along the dispersion direction trivial

It should be noted that, if such a curve is reconstructedgrgpthe sum of all of its values sampled at a 1-pixel
step should be approximately constant (for the curves inrgi§.28.6 this constant is 3.26). For convenience,
the fiber profile model may be normalised to make this constqual to 1, that is:

ZP(mO—i—z’):l

where P(z) is the normalised fiber profile having the maximumeat 0, x, an arbitrary distance, andany
integer number betweeroco and +oco. It can be shown thaP(x) is not a gaussian, and it's not even the
convolution of a gaussian with a box profile.

HR_orange, Quadrant 3, Fiber 160
HR_blue, Quadrant 3, Fiber 160
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Figure 8.28.6:The smoothed profiles obtained from Figure 8.28.5 are costhailhe fiber profile from the
HR_blue spectrum lays systematically below the fiber prafilm the HR_orange spectrum, but the difference
is < 2%.

In the current system, the same tabulated model profile iay@wsed in the spectral extraction task (see Table
8.28.1). This profile was chosen as the median profile of a Eaafgpained from about 100 different fibers from
the pseudo-slits of all quadrants.
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Distance from | Profile Distance from | Profile

centroid (pixel) | intensity | centroid (pixel) | intensity
0.025 1.00000 0.075 0.99996
0.125 0.99600 0.175 0.99363
0.225 0.99024 0.275 0.98371
0.325 0.97754 0.375 0.96946
0.425 0.95954 0.475 0.94931
0.525 0.93719 0.575 0.92335
0.625 0.90941 0.675 0.89560
0.725 0.87707 0.775 0.86130
0.825 0.84158 0.875 0.82178
0.925 0.80195 0.975 0.77927
1.025 0.76022 1.075 0.73276
1.125 0.70892 1.175 0.68236
1.225 0.65778 1.275 0.63209
1.325 0.60109 1.375 0.57527
1.425 0.54045 1.475 0.51107
1.525 0.48302 1.575 0.45345
1.625 0.42497 1.675 0.39587
1.725 0.36674 1.775 0.34252
1.825 0.31339 1.875 0.28750
1.925 0.26153 1.975 0.24057
2.025 0.21730 2.075 0.19604
2.125 0.17451 2.175 0.15626
2.225 0.13760 2.275 0.12041
2.325 0.10540 2.375 0.09260
2.425 0.07954 2.475 0.06847
2.525 0.05968 2.575 0.05272
2.625 0.04530 2.675 0.04062
2.725 0.03373 2.775 0.02871
2.825 0.02387 2.875 0.02167
2.925 0.01669 2.975 0.01503
3.025 0.01247 3.075 0.00993
3.125 0.00758 3.175 0.00669
3.225 0.00526 3.275 0.00301
3.325 0.00289 3.375 0.00123
3.425 0.00065

Table 8.28.1:Fiber profile model, normalised to its maximum intensity.aétdr 3.0175 should be applied to
the profile intensities to fulfill the relatiop, P(z, + i) = 1 (see text).
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8.28.6 Aligning traces

In order to compensate for any difference introduced byrimsent instabilities, the extraction mask, based on
the fiber tracingX;(Y") made on a flat field exposure, should be aligned to the tracimae on the science
exposure.

The alignment is possible if at least one scientific spectizitnaceable. At long exposure times (more than
about 30 minutes) the sky emission itself becomes traceafiliée a short exposure on a completely dark field
may rightfully be rejected as invalid. Only in the case of arslexposure on a pure emission line object no
spectrum may be traceable, making an accurate data reductfmssible with this method.

The flat field tracing solutions are traslated and rotated best match with the available science tracings. A
single traced science spectra is sufficient to get alignraeciiracies that are better than 0.1 pixels for all fibers.
If however the instrument instabilities introduce signaidacements greater than 2 pixels, the scientific spectra
will not be correctly identified, and the extraction maslkgatnent will be off by an integer number of fibers. The
consequences might be disastrous, because the wronggsagould be used to extract the scientific spectra,
and the wrong relative transmission factors would be agpieethem. In addition each scientific spectrum
would be assigned to an offset position on the IFU head (spe€B.5.3, page 18), giving to the objects on the
reconstructed field-of-view a typical zig-zagged appeeagan

8.28.7 Spectral extraction

With a fiber profile modelP(x) and the (aligned) trac&;(Y) from each flat field fiber spectrum, it is now
possible to extract all the scientific spectra. 161X, Y") be the value of a pixel of coordinat¢X’,Y") in the
science frame, and;(Y") the (still unknown) total flux from the-th fiber at theY” CCD coordinate.S(X,Y)
will be the sum of all contributions from all the fibers to thiegd (X, Y") (cross-talk):

S(X,Y) = Y F(Y)- P(X — X,(Y))

In practice, it is known that the contribution from fiberstthae far from the X, Y") position can be neglected.
Taking into consideration just the 3 closest fibers to(theY") pixel we may write

SXY) = Fja(Y) - P(X = X1 (Y)) + F(Y) - P(X = X;(Y)) + Fja (V) - P(X = X;j1(Y))

wherej is the number of the fiber having the minimum differende— X;(Y")|. With 400 spectra laying along
the cross—dispersion direction, and with each spectrumtabgpixels wide, the above formulation fier each

Y aredundant system of 2000 equations in the 400 unkndis). This system should be resolved for each
Y pixel value {.e., more than 3000 times).

With such figures, this may turn out to be a computationallsfyemethod for the determination of the spec-
tra F;(Y). Moreover, even if this extraction method would completelyninate the effects of the cross-talk
between fibers, we could not consider this a®ptimal extraction.

Formulas like Robertson’s (Robertson, J.G., 1986, PASHR,230), that are meant to optimally extract mutually
contaminating nearby spectra, redefine the optimal weiggesl in Horne’s extraction (Horne, K., 1986, PASP,
98, 609) to the practical effect of entirely rejecting thesypal signal that turns out to be too contaminated by
the other spectrum. In the IFU case, where the contamin&iomerall and systematic, this implies the loss of
a lot of signal that could instead be recovered with the gmubf the linear system shown above.
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At any rate, applying Robertson’s formulation may turn aubée the only practically applicable choice. A first

approximation of the spectral profile of thieth fiber along the cross—dispersion direction must first diened:

P(X - X;.1(Y))
P(0)

PX - X;41(Y))
P(0)

Sj(X,Y)=8(X,Y) = M;_1(Y)- — M (Y)-
This approximation consists of subtracting from the obsérprofile S(X,Y") the contributions from the two
nearby spectra, here modeled with the PSF rescaled to theéneed peak value®/;_;(Y') andM;41(Y). The
following weights are defined:

S;(X,Y)

W = s

- P(X = X;(Y))
wherer is the read-out-noise in electrons apthe gain factor ine= /ADU. The optimally extracted spectrum
(in electrons) would then be given by

Fj(Y)=g) Wj(X,Y)-S;(X,Y)
X

From the definition of the weights it is clear how abruptlyytlaee set to zero as soon as the total sigia’, Y)
is not balanced by the estimate of the single fiber profilg¢.X,Y").

In the current implementation of the extraction task usedhaylFU pipeline recipes, the spectral flux is esti-
mated from the values of the 3 pixels closest to the centigi@”), normalised by the tabulated fiber profile
model (see Table 8.28.1, page 182), and then optimally gedrdt can be shown that, within a distance of 1.5
pixels, the cross-talk contamination between nearby filseasvays less than one part in a thousand (thanks to
the arrangement of the fibers along the pseudo-slits, thatrqtaces fibers that are spatially far apart close to
each other).

8.28.8 Wavelength calibration

The wavelength calibration is derived from an arc lamp eypasThe arc lamp spectra are extracted according
to the procedure described in the previous section.

A rough optical distortion model would be initially used toambiguously identify the brightest features of the
extracted spectra. The search window for such featuresde,vguaranteeing that even strong signal displace-
ments would not prevent the identification of the referemues. A rough wavelength calibration would then be
used to search for the arc lines to be identified. In the pddicase of LR observations, the expected positions
of the zero order contamination on the CCD is determinedpnjiting to avoid regions that are too close to
the zero order contamination. This search is required tormed number of lines at least twice the number of
degrees of freedom of the fitting polynomial, and the modsidals should have an RMS always less than a
specified threshold. If such requirements are not met, th@ewtesult of the search is rejected, and the search
is repeated anew, using wider and wider search windows - aaatain limit. The first solutions found is then
re-used as improved "first guesses”, filling the gaps thatyaieally left behind after the first iteration.

The typical accuracy reached for the wavelength calibnaisaf about 0.2 pixels.

Once a wavelength is assigned to each Y pixel of each extracted spectrum, teiiges of a number of
predefined sky lines is determined on the extracted sciespfctra, and their median offset from their expected
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position is used to align the arc wavelength calibrationh gcientific spectra. At this point the wavelength
calibration is completed and the extracted scientific speste resampled in the wavelength space at a constant
wavelength step.

8.28.9 Flat field correction

For IFU data, two alternative kinds of flat field correctiomdze considered:

The “classical” flat field correction i.e., dividing the bias subtracted raw data by a map of the fixdtepa
noise of the CCD, before further reduction steps are appie¢de data. The fixed-pattern-noise map may
be obtained by averaging several IFU flat field exposuresramdving the large scale trends (including
the fibers pattern). This is technically difficult to obtairitlwthe necessary accuracy, and it has not yet
been done.

The extracted flat field correction.e., dividing the extracted scientific spectra by the extractexmmalised,
transmission corrected, and large-scale-trend removédaftgp spectra. It should be noted that if this
correction is applied, then the “classical” flat field cotren (described at point 1) should not be applied.
Moreover, dividing the extracted scientific spectra by tkieaeted flat-lamp spectra is just an approximate
correction. The approximation is completely invalidateden we consider that the instrument flexures
may have displaced the scientific spectra by a number ofgixéh respect to the flat-lamp spectra. If
the flat-lamp spectra were not extracted exactly from thees@@D regions as the scientific ones, the
fixed-pattern noise would not be removed from the data, inifagould be worsened?

In the current system, no flat fielding correction is appliedite scientific data. The recipemifucalib (see
Section 6.19, page 118) produces an image of extracted fiisfiectra that may be used for an approximate
flat fielding correction (using any interactive data reductsystem, as MIDAS or IRAF).

8.28.10 Transmission correction

The spectral extraction procedure (see Section 8.28.7¢ (t&8) is applied to the flat field exposure itself.
Assuming that the flat lamp uniformly illuminates the IFU Hed is straightforward to obtain the relative
transmission factors corresponding to each extractedrsjpec

The wavelength calibrated flat field spectra are integraledgea fixed wavelength interval, chosen where the
spectra are brighter, and away from possible zero ordemoonitions from multiplexed spectra (in case of LR

grism observations). The obtained integrals are nornliegheir median value. The normalised values are
what is currently used for the fiber-to-fiber relative trafssion correction applied to the scientific spectra after
their extraction. This is valid, under the assumption tlet absorption law maintains the same shape for all
fibers.

#When a flat field correction is applied, a price is paid in teohthe increased variance of the processed signal, equhkteum
of the variances of the flat field and of the signal to be coedcthis price is only acceptable under the assumption tieatemoved
fixed-pattern noise is greater than the noise added to tlebyahe flat fielding operation itself.
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8.28.11 Sky subtraction

Sky subtraction is probably the toughest problem in the VIBIIBU data reduction process, because it will
not be uncommon that the observed objects completely filllf#ue field. The only possibility is to select
from all the reduced spectra the ones with the lowest sigmral, classify them as sky spectra. Assuming that
the transmission correction and the wavelength calibmatiad already been applied, their median spectrum
would simply be subtracted from all the other extracted Bpedt is clear though that this way of proceeding
is extremely risky. In the current implementation no skytsadtion is applied to the reduced data (with the
exception of standard star spectra reduction, see reaipiguscience Section 6.20, page 124).

8.29 vmifucalib

In this section the basic steps of the data reduction praeagpplied by the recip@mifucalib(see Section 6.19,
page 118) are described. Please refer to Section 8.28, gdgéot more details about the basic operations.

The input flat field and arc lamp exposures are processed iioltbe/ing way:

1. If more than one, the flat field exposures are combined wipezified stacking method, and the master
bias is removed from the result. The master bias is remowsfedm the arc lamp exposure.

2. The flat field spectra are identified and traced as desciib&egction 8.28.3, page 177. This operation
is performed for each illuminated IFU pseudo-slit (just greeudo-slit in the case of HR and MR grism
data, and four pseudo-slits in the case of LR grism data).

3. The obtained traces are fit with a 4th degree polynomidiéncase of HR and MR grism data, or with a
3rd degree polynomial in the case of LR data. The accuracheshis better than 0.04 pixels.

4. The tracing polynomial models are used to extract the #dd $pectra and the arc lamp spectra. The
extraction is based on the values of the three pixels thatlaser to the trace of each fiber (see Section
8.28.7, page 183).

5. The wavelength calibration is obtained for each extchate lamp spectra (see Section 8.28.8, page 184).
A 4th degree polynomial is used for relating wavelengths @DJoositions for HR and MR grism data,
while a 3rd degree polynomial is used for LR grism data. Thaiolked accuracy is better than 0.3 pixels.

6. The extracted flat field spectra are resampled at a constvatiength step (applying a flux conservation
correction, and slightly oversampling the signal so thaturavelength step is a bit smaller than a CCD
pixel), and used to determine the fiber-to-fiber relativagraission correction (see Section 8.28.10, page
185).

8.30 vmifuscience
In this section the basic steps of the data reduction praeegpplied by the recipezmifuscience(see Section
6.20, page 124, are described. Please refer to Sectiongg8,174, for more details about the basic operations.

This recipe receives a science exposure, a master biasl| #mel@alibrations produced by the recipenifucalib
processing them in the following way:
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1. The master bias is removed from the science exposure.

2. The science exposure is analysed, in order to locateaipdeapectra. This operation doesn’t identify the
detected spectra — it just determines their positions orCG®.

3. If no traceable spectra are found, go to step 6.

4. The detected scientific spectra are traced, and the taae@sodeled with a polynomial shape (see Section
8.28.3, page 177).

5. The extraction mask obtained from the flat field is aligrethe available tracing solutions on the science
(see Section 8.28.6, page 183).

6. The science spectra are extracted along the (possiblyfietydlat field tracings (see Section 8.28.7, page
183).

7. The wavelength calibrations for each fiber are used tormhirte the offset of a number of chosen sky
lines from their expected positions on the CCD. The wavdterglibrations polynomials are corrected
according to this offset. Currently, just the sky-lines &78.388, 6300.304, 6363.780, and 8344.602 A
are used.

8. The science spectra are resampled at a constant wavektagt(applying a flux conservation correction,
and slightly oversampling the signal so that the wavelestgp is a bit smaller than a CCD pixel).

9. The scientific spectra are divided by the relative trassion correction factors obtained with recipe
vmifucalih

10. The calibrated science spectra are integrated alongaefmned wavelength range, chosen where the
spectra are brighter, and away from possible zero orderacainations from multiplexed spectra. The
obtained values are used in the reconstruction of the IFd-6élview. The reconstructed field-of-view
fills the region of an 80x80 image that corresponds to theaedguadrant. In this way, the reconstructed
image from 4 reduced quadrants can be easily obtained byutineo$ the reconstructed images from
different quadrants (see recipanifucombine Section 6.22, page 128).

11. Flux calibration of extracted spectra (see Section)8.10

8.31 vmifustandard

The data reduction steps applied by this recipe are the santieose applied by thevmifuscience recipe.
The only extra operations are: an evaluation of the sky spec{see Section 8.28.11, page 186), and the
determination of the total standard star spectrum fromhalgingle fiber spectra. Finally, the efficiency and
response curves are produced as described in section 8.9.
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A Abbreviations and acronyms

ADF Aperture Definition File

ADM Aperture Definition in mm

CPL Common Pipeline Library

CRV VIMOS spatial curvature model

DFS Data Flow System

DO Data Organiser

DRS Data Reduction System

ESO-MIDAS ESO’s Munich Image Data Analysis System

FITS Flexible Image Transport System

HR High Resolution

ICS Instrument Control Software

IDS Inverse Dispersion Solution

IRAF Image Reduction and Analysis Facility

IWS Instrument WorkStation

LR Low Resolution

MMU Mask Manufacturing Unit

MOS Multi Object Spectroscopy

MR Medium Resolution

OPT VIMOS optical distortion model

PAF VLT PArameter File

PSO Paranal Science Operations

PWS Pipeline WorkStation

QC Quiality Control

SAO Smithsonian Astrophysical Observatory

SDD Software Development Division

SOF Set Of Frames

TCS Telescope Control Software

uT Unit Telescope

VIMOS Vlsible Multi-Object Spectrograph

VLT Very Large Telescope

VMMPS VIMOS Mask Preparation Software

WCS World Coordinate System



