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1 Introduction

1.1 Purpose

This manual is a complete description of the data reduction recipes used by the the VIMOS pipeline, reflecting
the status of the VIMOS pipeline as of May 15th 2024(version 4.1.10).

The VIMOS pipeline is a subsystem of the VLT Data Flow System (DFS). It is used in three different environ-
ments. First, it is used within ESO in Data Flow Operations (DFO) for the validation of scientific exposures,
data quality control and the generation of master calibration data. Second, the Paranal Science Operations
(PSO) uses it for quick-look assessment of data and the reduction of scientific exposures. Finally, the VIMOS
pipeline recipes are made public to the user community, to allow a more fine-tuned processing of the data.

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

More detailed descriptions of the data reduction algorithms used by the individual pipeline recipes can be found
in Sections 8 and 9.

In Appendix C provides a list of used abbreviations and acronyms.

1.2 Acknowledgements

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

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

The MOS reduction pipeline has been extensively improved and throughly reviewd thanks to the work of Sabine
Moehler (ESO Data Management & Operations Department) in the course of the years 2013-2015.

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

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

Useful advice has been received especially from Sandro D’ Odorico (ESO Instrumentation Division) and Stefano
Cristiani (INAF — Osservatorio Astronomico di Trieste).
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Gianni Marconi, Stephane Brillant, and Stefano Bagnulo (ESO Paranal Observatory) have been unvaluable for

the good collaboration and the constant support in the first VIMOS years.

In particular we want to thank Paola Sartoretti (ESO, Data Management and operations Division), who was
a continuous source of useful ideas for improving the pipeline recipes, and for their extensive testing, and

Burkhard Wolff who continued her good job.

1.3 Reference documents




ESO

VIMOS Pipeline User Manual

Doc: VLT-MAN-ESO-19500-3355
Issue: Issue 4.1.10
Date: Date May 15th 2024
Page: 15 of 235

[1] VIMOS Data Reduction Cookbook. VLT-MAN-ESO-13200-4033. 16

[2] ESO/ASG, http://www.eso.org/sci/observing/phase3/p3sdpstd.pdf. ESO Science Data Products Standard,

Sth edition, January 2013. GEN-SPE-ESO-33000-5335. 133

[3] ESO/SDD/DES, http://www.eso.org/cpl/esorex.html. ESOREX home page. 16

[4] ESO/SDD/DFS, http://www.eso.org/gasgano/. Gasgano User’s Manual. VLT-PRO-ESO-19000-1932. 16,

28, 55

[5] M. J. Irwin. Automatic analysis of crowded fields. MNRAS, 214:575-604, June 1985. 164

[6] Kepler Project, http://code.kepler-project.org/code/kepler-docs/trunk/outreach/documentation/shipping/getting-

started-guide.pdf. Kepler Getting Started Guide. 25

[7] Forchi V. Reflex User’s Manual. ESO/SDD/DFS, http://www.eso.org/gasgano/, 0.7 edition, 2012. VLT-
MAN-ESO-19000-5037. 16



http://www.eso.org/sci/observing/phase3/p3sdpstd.pdf
http://www.eso.org/cpl/esorex.html
http://www.eso.org/gasgano/
http://code.kepler-project.org/code/kepler-docs/trunk/outreach/documentation/shipping/getting-started-guide.pdf
http://code.kepler-project.org/code/kepler-docs/trunk/outreach/documentation/shipping/getting-started-guide.pdf
http://www.eso.org/gasgano/

Doc: VLT-MAN-ESO-19500-3355
ESO VIMOS Pipeline User Manual Issue: Issue 4.1.10
Date: Date May 15th 2024
Page: 16 of 235

2 Overview

In collaboration with instrument consortia, the Science Operation Software Department (SOSD) of the Direc-
torate of Engineering is implementing data reduction pipelines for the most commonly used VLT/VLTI instru-
ment modes. These data reduction pipelines have the following three main purposes:

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

Master calibration product creation: pipelines are used to produce master calibration products (e.g., com-
bined bias frames, super-flats, wavelength dispersion solutions).

Science product creation: using pipeline-generated master calibration products, science products are produced
for the supported instrument modes (e.g., optimally extracted spectra, bias-corrected and flat-fielded im-
ages, wavelength-calibrated spectra). The accuracy of the science products is limited by the quality of the
available master calibration products and by the algorithmic implementation of the pipelines themselves.
In particular, adopted automatic reduction strategies may not be suitable or optimal for all scientific goals.

Instrument pipelines consist of a set of data processing modules that can be called from opportune front-end
applications, such as the automatic data management tools available on Paranal.

ESO offers three front-end applications for launching pipeline recipes, Gasgano [4] Esorex [3] and Reflex
[7] These applications can be downloaded separately from the ESO web pages (see [4], [3], [7]). An illustrated
introduction to Gasgano is provided in the "Quick Start" Section of this manual (see page 23).

The VIMOS, pipeline comes with three Reflex workflows:

* IMG workflow. This should be used for imaging data. It calibrates the images and produces stacks of
jittered images.

* MOS workflow. This is used for the MOS mode. This workflow has been extensively reviewed.

» [IFU workflow. This should be used for IFU data. It is a basic worflow provided for convinience.

In order to use each of these workflows, please refer to the corresponding Reflex tutorial that can be downloaded
from the pipelines page (http.//www.eso.org/sci/software/pipelines/ .

The VIMOS, instrument and the different types of raw frames and auxiliary data are described in Sections 3 and
5.

A brief introduction to the usage of the available reduction recipes using Gasgano or Esorex is presented in
Section 4. It is strongly suggested to read also the Troubleshooting Guide in the Appendix (page 220), and the
pipeline related sections in the VIMOS, Data Reduction Cookbook [1], which go even deeper into that.

More details on what are inputs, products, quality control measured quantities, and controlling parameters of
each recipe are given in Section 7.

More detailed descriptions of the data reduction algorithms used by the individual pipeline recipes can be found
in Section 9.

In Appendix C a list of used abbreviations and acronyms is given.
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3 The VIMOS instrument

VIMOS has been developed under ESO contract by the VIRMOS Consortium, headed by the Laboratoire
d’ Astrophysique de Marseille.

The instrument has been made available to the community and started operations in Paranal on April 15¢, 2003.

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

In the context of the VIMOS Improvement Project, on August 7, 2010 VIMOS was back on sky equipped with
a new CCD mosaic with higher red sensitivity (a factor of two for wavelengths longer than 8000 A) and less
interference fringing (not detectable on LR_red grism spectra, and about 2% peak-to-valley on HR_red grism
spectra). Also a new holographic HR_blue grism was installed.

In this chapter a brief description of the VIMOS instrument is given. A more complete documentation can be
found in the VIMOS User Manual, downloadable from http://www.eso.org/instruments/vimos/

3.1 Overview

VIMOS is aimed at survey-type programs with emphasis on large object samples rather than individual objects.
VIMOS is designed for Wide Field Imaging (14’ x 16”) and extremely high Multi Object Spectroscopy capability
(up to several hundred slits). In addition, it has a unique Integral 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. Field lenses provide a corrected telescope focal plane where
flat masks are inserted in MOS mode. For the IFU instrument mode a special mask bearing the IFU pseudo-slits
is used. Pupil relay lenses, folding mirrors and collimators direct the light to the four cameras. Grisms are
inserted in front of the cameras in spectroscopic mode. The detectors are four 2k x 4k EEV CCDs with pixel
size 15 p. After August 7, 2010, the mosaic was replaced by a e2v CCD 44-82-1-D42, deep depletion, backside
illuminated, double layer coating chips.'.

3.2 Direct imaging
The field-of-view consists of 4 quadrants of 7° x 8 each separated by a cross 2’ wide, with a sampling of
0.205”/pixel.

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

The filter transmission curves are available from
http://'www.eso.org/sci/facilities/paranal/instruments/vimos/inst/imaging.html.

The colour transformations used for the conversion between the VIMOS-IMG photometric system and the
system used for photometric calibration (e.g. APASS) can be found in Appendix A of the VIMOS User Man-

'See http://www.eso.org/sci/facilities/paranal/instruments/vimos/ for detector design and perfor-
mance reports of the four VIMOS CCD systems
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ual, or in the on-line F.A.Q: http://www.eso.org/sci/data-processing/faq/are-there-any-colour-transformations-
available-for-the-vimos-imaging-filters.html

3.3 Multi-Object-Spectroscopy (MOS)

The multi-object mode of VIMOS uses grisms and masks. ESO distributes the VIMOS Mask Preparation
Software (VMMPS), a package developed by the VIRMOS Consortium for slit definition and positioning on a
preliminary exposure on the sky region to be observed. The user can define rectangular, curved or inclined slits
of widths larger than 0.4”.

There are 6 grisms available, all operating in first order. Their spectral characteristics are given in Table 3.1.

Grism Filter Ae (A) A range (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 2.5
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
HR_blue_holog | none 5100 | 4100 - 6300 | 2050 - 2550 0.5

Table 3.1: VIMOS grisms. Ac is the zero deviation (or central) wavelength, and R is the spec-

tral resolution for a 1”7 MOS slit, corresponding to ~ 0.8 IFU fibre. The spectral ranges are given
with the specified filter in. The transmission curves for the four grism/filter units are available at
http://www.eso.org/sci/facilities/paranal/instruments/vimos/.

With LR grisms, a spectrum will typically span less than 600 pixels along the dispersion direction. This allows
a spectral multiplexing factor up to 5, i.e., to stack up to five spectra along the dispersion direction, provided
that there are enough well spaced targets in the field-of-view.

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

With HR grisms the spectra extend beyond the detector length, therefore only spatial multiplexing is possible.
The observable spectral interval depends on the position of a slit on the 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 the presence of the 0*”, —1%¢ and 2"? grism diffraction
orders. At low spectral resolution, a dim second order spectrum at twice the spectral resolution would be
included in the CCD in the case of slits located in the lower (i.e., bluer) regions of the mask. This spectrum
would likely contaminate the multiplexed first order spectra on the red side of the CCD. Similarly, a mirrored
—15" order spectrum at the same resolution of the 15 order spectrum and with about 1/6 of its luminosity, would
be included in the CCD in the case of slits from the highest (i.e., redder) regions of the mask. This spectrum
would likely contaminate the multiplexed first order spectra on the blue side of the CCD (see an illustration of
—1%! contamination on figure 3.1, page 19). For this reason spectrally multiplexed slits are constrained to be
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identical, and to have the same position along the cross-dispersion direction: in the assumption of negligible
spectral curvatures in all orders, the 0", 2"? and —1%! contaminations would then be removed by the sky
subtraction procedure.

A A
B
Zero order — E —— Zero order
B+C
C

Figure 3.1: Contamination from orders 0 and —1 in multiplexed spectra. On the left, the first order slit spectra A and
B are shown, together with the 0 and the —1 orders of spectrum A. If spectra A and B are multiplexed, as shown on the
right, spectrum B is contaminated by the 0 and —1 orders of spectrum A..

3.4 Integral Field Unit (IFU)

The VIMOS IFU is the largest ever made for such an application. It consists of 6400 (80 x 80) fibres, coupled
to microlenses. The field-of-view is square, with a continuous spatial sampling (the dead space between fibres
is below 10% of the fibre-to-fibre distance). At the entrance of the 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. Each instrument quadrant receives 4 bundles that are
arranged along 4 parallel pseudo-slits providing 4 multiplexed series of 400 spectra each.

The field-of-view is modified according to the used spectral resolution. At low spectral resolution the field is
respectively 54” x 54” with 0.67”/fibre, and 27” x 27" with 0.33”/fibre, 80 fibres on a side. All the pseudo-slits
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are illuminated, and the multiplexed spectra belonging to different pseudo-slits would contaminate each other
in some measure. For instance, the second order spectra of a bright object on pseudo-slit 2 of quadrant 2 would
contaminate the spectra on pseudo-slits 3 and 4, creating obvious ghosts in the corresponding regions of the
reconstructed field-of-view (see Figures 3.3 and 3.4, pages 21-22).

At medium and high resolution just the 4 central bundles on the IFU head are illuminated (see Figure 3.4, page
22). Only one pseudo-slit per quadrant is used, since the spectra span the whole detector and multiplexing is
impossible. The field-of-view is therefore 4 times smaller, i.e., 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 5.0 pixels, while the fibre profile FWHM is about 3.2 pixels.
The spectral resolution is approximately 1.25 times the spectral resolution corresponding to a 17 slit in MOS
mode (see Table 3.1). The spectral coverage is identical to the MOS case for LR and MR grisms. For HR grisms
the situation is different because the spectral range is too large to be contained on the CCD, and since the central
slit-of-fibres is shifted by about 140 pixels from the chip centre in (spectrally) opposite directions depending on
the instrument quadrant, the common spectral range is reduced by about 160 A leading to Table 3.2.

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

Table 3.2: VIMOS IFU usable spectral range in high spectral resolution mode.
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3.5 IFU components numbering scheme

The conventions used in the VIMOS IFU pipeline recipes to indicate 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 quadrants to which they correspond,
i.e., counterclockwise, with the same convention used in the cartesian plane (see Figure 3.2).

Figure 3.2: 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 to 4. The pseudo-slit 1 is
the one that is somewhat more separated from the other ones (see Figure 3.3).

4 4
3 3

Mask 2 2 2 Mask 1
1 1
1 1

Mask 3 2| — —_— | 2 Mask 4
4 4

Figure 3.3: Counting IFU pseudo-slits.
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IFU fibers: Each IFU pseudo-slit hosts 400 fibers, divided into 5 blocks of 80 fibers 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 80x80 IFU head (see Figure 3.4).

1 3 3 1
From mask 2 From mask 1
E 4 2 2 4
L’ N 4 2 2 4
From mask 3 From mask 4
1 3 3 1
80 x 80 fibers

Figure 3.4: IFU head. The number of the corresponding pseudo-slit is indicated within each 20x20 fiber module IFU
pseudo-slits.

North is to the right, and East is up. The exact spatial position for each individual fiber is listed in the IFU
tables (see Table 7.17, page 141).

INluminated pseudo-slits: In LR observations all the pseudo-slits are illuminated (multiplexing). In MR and
HR observations, just the central pseudo-slits (numbered 2) are used.
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4 Quick start

In this section the most immediate usage of the VIMOS pipeline recipes is described. In particular, typical
data reduction sessions for each instrument operating mode are presented in following sections. Note that for
imaging mode it is recommended to consult the Reflex VIMOS imaging tutorial instead.

4.1 VIMOS pipeline recipes

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

Creation of general calibration data:
vmdet: creating a bad pixel table, and determining CCD gain and read-out-noise 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:
vimos_ima_bias: Combine a list of bias frames into a mean bias frame. Optionally compare the output

frame to a reference bias frame.

vimos_ima_dark: Combine a list of dark frames into a mean dark frame. Optionally compare the output
frame to a reference dark frame.

vimos_ima_det_noise: Compute the readnoise and gain for the vimos detectors using two bias frames
and two flat field frames.

vimos_ima_fringe: Take a list of science frames and correct them to remove bias, dark and flat field
signatures. Combine the images to form a new master fringe frame.

vimos_ima_twilight_flat: Combine a list of twilight flat frames into a mean frame. Optionally compare
the output frame to a reference twilight flat frame

Direct imaging flux calibration:

vimos_ima_standard: Take a list of standard frames and correct them to remove bias, dark and flat
field signatures. Optionally defringe the reddest filter images. Astrometrically and photometrically
calibrate the individual images, but do no stacking.

Direct imaging data reduction:

vimos_ima_science: Take a list of science frames and correct them to remove bias, dark and flat field
signatures. Optionally defringe the reddest filter images. Stack jitter sequences. Astrometrically
and photometrically calibrate the stacks.

Creation of MOS calibration data:
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vmmoscalib: computing the optical distortion, the spatial curvature, and the inverse dispersion models.
Producing a spectral master flat field.

MOS data reduction:

vmmosscience: reducing a scientific exposure, or a set of (dithered) scientific exposures. In case of
standard star exposures, also computing the instrument spectral efficiency and response curves.

Creation of IFU calibration data:

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

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

IFU data reduction:

vmifuscience: reducing a scientific exposure.
vmspphot: applying flux calibration to already reduced spectra.

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

In the next sections a general description on the use of recipes is given, together with more detailed information
on the individual recipes.
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4.2 An introduction to Reflex, Gasgano and EsoRex

Before being able to call pipeline recipes to process a set of data, the data must be correctly classified, and
associated with the appropriate calibrations. The Data Classification consists of tasks such as: "What kind
of data am I?", e.g., BIAS, "to which group do I belong?", e.g., to a particular Observation Block or observing
template. Data Association is the process of selecting appropriate calibration data for the reduction of a set
of raw science frames. Typically, a set of frames can be associated if they share a number of properties, such
as instrument and detector configuration. Since all the required information is stored in the FITS headers, data
association is based on a set of header keywords (called "association keywords") and the process is specific to
each type of calibration. The process of data classification and association is known as data organisation.

An instrument pipeline consists of a set of data processing modules that can be called from different host
applications, namely:

* Reflex is a graphical tool that helps the user to execute data reduction workflows which contain several
recipes. This dramatically decreases the time the user needs to run a whole reduction chain, from cal-
ibration and raw data down to the final products. Reflex takes care of grouping the different data sets,
associating the calibration frames and managing the interdependencies between recipes in the calibration
cascade. Reflex is the recommended software tool for reducing your data.

* Gasgano is an alternative data management tool that simplifies the data organization process. In addition,
Gasgano allows the user to execute directly the pipeline recipes on a set of selected files.

* EsoRex is a command line tool used to run the pipeline recipes. EsoRex commands can be easily scripted.

* The Paranal observatory implements automatic data management tools that trigger the execution of pipeline
recipes. This aspect is not covered in this manual.

4.2.1 Using Reflex

Reflex is the recommended tool to reduce complete data sets that include all the calibration frames. It is an
advanced tool, and yet easy to use, that is geared towards maximum scientific return. It is based on the workflow
engine Kepler [6].

Currently there is one Reflex workflow which supports VIMOS MOS data and one which supports IFU data. In

the future more observing modes will be supported. This manual does not cover the installation of Reflex . Please

refer to the VIMOS Reflex tutorials and Reflex manual for the installation procedure which also contains a de-

tailed description of the Reflex application. The latest documentation is available at http://www.eso.org/sci/software/pipeline
What follows is a very brief summary of it.

Once installed, Reflex can be executed with the command:
userlhost# reflex &
Reflex main concepts are workflows and actors. Workflows are canvasses which show the interdependence of

the pipeline recipes, allowing the user to easily obtain an overview of the reduction steps. Workflows have the
advantage of requiring a small learning curve in order to get the pipeline running.
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Figure 4.1: Fresh Reflex canvas.

Actors are the entities which actually perform some kind of operation. In Reflex, to each main actors correspond
the pipeline recipes themselves, which perform the data reduction steps, but there are other actors such as the
DataOrganizer, or the FitsRouter that are useful to manage the data files. Each actor can be configured by right-
clicking on it and selecting Configure Actor as shown in Figure 4.2. In the case of the recipe actors, the recipe
parameters are part of the actor and make up the second group of parameters.

In addition to those elements, the workflow contains variables that contain the most important settings, such as
the directories where data is located and will be saved.

The VIMOS MOS workflow (see figure 4.3) is meant to reduce MOS data up to the science, including spec-
trophotometric calibrations. It has been thoroughly tested and provides some interactive windows that will help
the user to asses the quality of the reduced data and offer the option to change easily the most relevant pipeline
parameters. These interactive windows display the most relevant products created by the pipeline.

For more details about using the VIMOS MOS workflow it is strongly recommended that you read the tutorial
VIMOS MOS Reflex tutorial available at http://www.eso.org/sci/software/pipelines/ .

The VIMOS IFU workflow (see figure 4.4) is a basic Reflex workflow that will mainly help in the association
of calibration frames to your science. Take into account that it has not undergone a major testing effort but it
will help as a useful front end to run the pipeline. It doesn’t contain any data visualization.

Please refer to the VIMOS IFU Reflex tutorial available at http.//www.eso.org/sci/software/pipelines/ for further
details on the VIMOS IFU workflow.

4.2.2 Using Gasgano

Another convenient tool useful for familiarizing oneself with the VIMOS pipeline recipes and their usage is the
graphical user interface Gasgano. It provides a complete graphical user interface for data browsing, classifica-


http://www.eso.org/sci/software/pipelines/
http://www.eso.org/sci/software/pipelines/

Doc: VLT-MAN-ESO-19500-3355
ESO VIMOS Pipeline User Manual Issue: Issue 4.1.10
Date: Date May 15th 2024
Page: 27 of 235
Mo e matars for vmiTUsence T
|E| recipe: vmifuscience
mode: Run El
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Recipe Failure Mode: $RecipeFailureMode El
Input Files Category: [ |
Output Files Category: | |
File Purpose Processing: Strip last El
Allow empty inputs: |
Pause before execution: m|
Pause after execution: |
Clear Products Dir: Never —
Clear Logs Dir: Never hd
Clear Bookkeeping Dir: Never -
Products Dir: $TMP_PRODUCTS_DIR Browse
Lo Bl 5L0GS DR Browse
Bookkeeping Dir: $BOCKKEERING_DIR Browse
EsoRex default args: $ESORexArgs
recipe_param_1: BizsMethod=Zmaster
recipe_param_2: CleanBadPixe|=FALSE
recipe param_3: ApplyTransmission=TRUE
recipe_param_4: CalibrateFlux=FALSE
recipe_param_5: UseSkylines=TRUE
recipe_param_6: UseSkyindividual=FALSE
recipe_param_7: ComputeQC=FALSE
Reuse Inputs (Expert Mode): o
Reuse Outputs (Expert Mode): O
Commit | | Add ‘ | Remove | | Restore Defaults | ‘ Preferences | ‘ Help ‘ ‘ Cancel

Figure 4.2: Parameters of a recipe actor. The first group of parameters affect the execution of the pipeline recipe and are
common to all recipe actors. The second group of parameters are specific to the pipeline recipe to be called and they are
identical to those that can be configured in EsoRex (see 4.2.3).

tion and association, and offers several other utilities such as easy access to pipeline recipes, documentation and
the preferred data display tools.

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

The Gasgano main window will appear. On Figure 4.5 (next page), a view on a complete set of VIMOS IFU
data is shown as an example. Gasgano can be pointed to the directories where the data to be handled are
located using the navigation panels accessible via the Add/Remove Files entry of the File menu (shown on the
upper left of the figure).

The data are hierarchically organised as preferred by the user. In this example the default grouping is shown, and
for clarity only the sub-groups belonging to the first VIMOS quadrant are expanded. After each file name are
shown the observation date, the target name, the used grism-filter combination and, as an important reference,
an identifier of the type of data, listed in the CLASSIFICATION field.?

More information about a single frame can be obtained by clicking on its name: the corresponding FITS file
header will be displayed on the bottom panel, where specific keywords can be opportunely filtered and searched.
Images and tables may be easily displayed using the viewers specified in the appropriate Preferences fields.

Frames can be selected from the main window for being processed by the appropriate recipe: on Figure 4.6, the
flat field and arc lamp exposures, an already produced master bias frame, and the necessary static calibration

This is known as the data DO category, see Section 5, page 46.
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Figure 4.3: VIMOS MOS Reflex workflow main layout.

tables, are all selected and sent to the vmifucalib recipe. This will open a Gasgano recipe execution window
(see Figure 4.7), having all the specified files listed in its Input Frames panel.

Help about the recipe may be obtained from the Help menu. Before launching the recipe, its configuration may
be opportunely modified on the Parameters panel (on top). The window contents might be saved for later use
by selecting the Save Current Settings entry from the File menu, as shown in figure.

At this point the recipe can be launched by pressing the Execute button. Messages from the running recipe will
appear on the Log Messages panel at bottom, and in case of successful completion the products will be listed
on the Output Frames panel, where they can be easily viewed and located back on the Gasgano main window.

Please refer to the Gasgano User’s Manual ([4]) for a more complete description of the Gasgano interface.
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Figure 4.4: VIMOS IFU Reflex workflow main layout.
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Figure 4.5: The Gasgano main window.
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Figure 4.6: Selecting files to be processed by a VIMOS pipeline recipe.
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Figure 4.7: The Gasgano recipe execution window.
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4.2.3 Using EsoRex

EsoRex is a command line utility for running pipeline recipes. It may be embedded by users into data reduction
scripts for the automation of processing tasks. On the other hand, EsoRex doesn’t offer all the facilities
available with Reflex or Gasgano, and the user must classify and associate the data using the information
contained in the FITS header keywords (see Section 5, page 46). The user should also take care of defining the
input set-of-frames and the appropriate configuration parameters for each recipe run:

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

Here is an example of SOF for EsoRex, valid for the vmmoscalib recipe:

VIMOS.2010-05-11T03:46:22.860.fits MOS_ARC_SPECTRUM
VIMOS.2010-05-11T03:42:10.264.fits MOS_SCREEN_FLAT
VIMOS.2010-05-11T03:43:36.323.fits MOS_SCREEN_FLAT
VIMOS.2010-05-11T03:45:02.342.fits MOS_SCREEN_FLAT
/home/vimos/cal/mbias.3.fits MASTER_BIAS
/home/vimos/cal/lcat_MR.1.fits LINE_CATALOG

/home/vimos/cal/VIMOS_GRS_MR GG475 1.fits CONFIG_TABLE

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

Note that the VIMOS pipeline recipes do not proof in any way the correctness of the classification tags
specified by the user in the SOF. In the above example, the recipe vmmoscalib will treat the frame
VIMOS.2010-05-11T03:46... asa MOS_ARC_SPECTRUM, the frame mbias.3.fits asa
MASTER_BIAS, etc., even when they do not contain this type of data.

Using Gasgano as an interface to the pipeline recipes will always ensure a correct classification of all
the data frames, assigning the appropriate DO category to each one of them (see Section 4.2.2, page 26).

Recipe configuration: Each pipeline recipe may be assigned an EsoRex configuration file, containing the
default values of the parameters related to that recipe.* The configuration files are normally generated in
the directory SHOME/ . esorex (as will be shown in the subsequent examples), and have the same name
as the recipe to which they are related, with the filename extension . rc. For instance, the recipe vmbias
has its EsoRex generated configuration file named vmbias.rc.

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

# ——StackMethod
# Stacking method ( Average | Median | MinMax | Ksigma | Auto )
vimos.Parameters.stacking.method=Average

3The set-of-frames corresponds to the Input Frames panel of the Gasgano recipe execution window (see Figure 4.7, page 32).

*The EsoRex recipe configuration file corresponds to the Parameters panel of the Gasgano recipe execution window (see Figure
4.7, page 32).
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In this example, the parameter stacking.method is setto the value Average. In the configuration
file generated by EsoRex, one or more comment lines are added containing information about the possible
values of the parameter, and an alias (StackMethod) that could be used as a command line option (see
ahead).

The hierarchy introduced in the parameter names has currently no effect. Although it is not used at the
moment, it is envisaged that this feature will be used in future releases to avoid potential name clashes.
The shorter parameter aliases are made available for use on the command line.

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

More than one configuration file may be maintained for the same recipe but, in order to be used, a con-
figuration file not located under $HOME/ .esorex, or having a name different from the recipe name,
should be explicitly specified when launching a recipe.

The basic format for using EsoRex is as follows:
esorex [esorex_options] recipe_name [recipe_options] set_of frames

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

To get help for an individual recipe (in the subsequent examples, vmbias is used), the following is used:
esorex ——help vmbias

In order to display the current parameters setting of a recipe, the following command may be used:
esorex —-params vmbias

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

esorex —-create-config vmbias

will create in the $HOME/ .esorex directory a configuration file vmbias.rc with the default parameters
settings for the recipe vmbias. This file can then be modified with the preferred text editor.”

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

>If a number of recipe parameters are specified on the command line, the given values will be used in the created configuration file.
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esorex vmbias vmbias.sof

The recipe parameters can be modifyed either by editing directly the used configuration file, or by specifying
new parameter values on the command line using the command line options defined for this purpose. Such
command line options should be inserted after the recipe name and before the SOF name, and they will supersede
the system defaults and/or the configuration file settings. For instance, to set the vmbias recipe StackMethod
parameter to Median, the following should be typed:

esorex vmbias —--StackMethod=Median vmbias.sof

There are also parameters used to configure the EsoRex launcher, that may be listed in an esorex.rc con-
figuration file located under $HOME/ .esorex . On the command line, the EsoRex options must be inserted
before, and not after, the specified recipe name. The EsoRex options are those that are recipe independent, as
for instance the verbosity level, the directory where the recipe 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 vmmasktoccd —--CleanCosmics=true test.sof
esorex —-msg-level=debug vmskyccd --SExtractor.Window=1,1,1900,2300 skyccd
esorex vmmoscalib —--dradius=15 --sradius=20 in.sof

esorex —-time=true vmmosscience --stack_method=ksigma inputl.sof

In the vmmasktoccd example the cosmic ray cleaning is switched on, and the prefix test_ is prepended to
output products names. The input SOF is the file test.sof.

In the vmskyccd example the verbosity level is set to debug, so that all messages are displayed, including
the debug ones. In addition to that, SExtractor operations are restricted to the specified image region. The input
SOF is a file named skyccd.

In the vmmoscalib example the computation of quality control parameters is turned off, and the flat field trend
removal (used in the flat field normalisation) is performed using a median filter with a running box of 15 pixels
in the dispersion direction, and 20 pixels in the spatial direction. The input SOF is in.sof.

Finally, in the vmmosscience example the execution of the recipe is timed and the input scientific frames (if
more than one is specified) are stacked using a k-sigma clipping method. The input SOF is inputl.sof.

For more information on EsoRex, see http://www.eso.org/cpl/esorex.html.
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4.3 Example of MOS data reduction using the current recipes

A simple, typical MOS data reduction procedure is described here.® It is assumed that the following data are
available:

One scientific exposure:
VIMOS.2004-09-27T02:39:11.479.fits MOS_SCIENCE
One standard star exposure:

VIMOS.2004-09-27T03:12:12.006.fits MOS_STANDARD

The procedure using Gasgano, instead of EsoRex, is conceptually identical.
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Three flat field exposures obtained with the mask used for the scientific exposure:

VIMOS.2004-09-27T18:59:03.641.fits MOS_SCREEN_FLAT
VIMOS.2004-09-27T19:00:07.828.fits MOS_SCREEN_FLAT
VIMOS.2004-09-27T19:01:14.252.fits MOS_SCREEN_FLAT

One arc lamp exposure obtained with the mask used for the scientific exposure:
VIMOS.2004-09-27T19:13:03.631.fits MOS_ARC_SPECTRUM

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

VIMOS.2004-09-27T19:22:22.308.fits MOS_SCREEN_FLAT
VIMOS.2004-09-27T19:23:14.722.fits MOS_SCREEN_FLAT
VIMOS.2004-09-27T19:24:52.651.fits MOS_SCREEN_FLAT

One arc lamp exposure obtained with the mask used for the standard star exposure:
VIMOS.2004-09-27T19:33:44.097.fits MOS_ARC_SPECTRUM

Five bias exposures:

VIMOS.2004-09-27T08:00:27.821.fits BIAS
VIMOS.2004-09-27T08:01:05.604.fits BIAS
VIMOS.2004-09-27T08:01:44.091.fits BIAS
VIMOS.2004-09-27T08:02:22.070.fits BIAS
VIMOS.2004-09-27T08:03:01.042.fits BIAS

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

In the following, it is also assumed for simplicity that the flag suppress-prefix is setto TRUE in the
EsoRex configuration file, so that the product file names will just be identical to their product categories, with
the extension .fits. Moreover, it is assumed that all the handled files (inputs and products) are located in the
current directory. The only exception is represented by the standard calibration tables (e.g., line catalogues),
that here are assumed to be located under /home /vimos/cal.

The procedure is as follows:
First, a master bias is created with the recipe vmbias.
The product master_bias.fits isused in the reduction of the flat field, arc lamp, and scientific exposures.

In order to process the available flat field and arc lamp exposures, the recipe vmmoscalib is used (see Section
7.11, page 106). The input SOF may be defined as follows:
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File: moscalib.sof

VIMOS.2004-09-27T18:59:03.641.fits MOS_SCREEN_FLAT
VIMOS.2004-09-27T19:00:07.828.fits MOS_SCREEN_FLAT
VIMOS.2004-09-27T19:01:14.252.fits MOS_SCREEN_FLAT
VIMOS.2004-09-27T19:13:03.631.fits MOS_ARC_SPECTRUM
master bias.fits MASTER_BIAS
/home/vimos/cal/lcat_LR_red.tfits LINE_CATALOG

/home/vimos/cal/VIMOS_GRS_LR red OS_red.fits CONFIG_TABLE

where it is assumed that the data belong to the 1st quadrant, and were obtained using the LR_red grism.

The following command line can be given at the shell prompt:
esorex vmmoscalib moscalib.sof

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

mos_master_screen_flat.fits: normalised flat field image.

mos_slit_location.fits: slit positions on the CCD.

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

mos_flat_sed.fits: this contains the spectral energy distribution of the flat. This is needed to prop-
erly flux calibrate thet science in the case of holographic prisms.

Products for checking the quality of the result are:

mos_combined_screen_flat.fits: sum of all the input flat field exposures.

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

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

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

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

global_distortion_table.fits: table containing the modeling of the coefficients listed in the
mos_curv_coeff.fits and mos_disp_coeff.fits tables, only produced if more
than 6 slits are available.

mos_arc_spectrum_extracted.fits: rectified and wavelength calibrated arc lamp image.
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mos_spectra_detection.fits: result of preliminary wavelength calibration applied to the input arc
lamp exposure, produced only if the recipe configuration --check is set.

mos_wavelength_map.fits: map of wavelengths on the CCD.
mos_spatial_map.fits: map of spatial positions on the CCD.

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

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

Most of the above FITS files have more than one extension if (like in this case) spectral multiplexing was applied
in the observation: each FITS file will include one data section for each rank of spectral multiplexing.

Now the scientific frame can be processed, and for this the recipe vmmosscience is used (see Section 7.12, page
123). The following set-of-frames file may be created:

File: mosscience.sof

VIMOS.2004-09-27T02:39:11.479.fits MOS_SCIENCE
master_bias.fits MASTER_BIAS

mos_master screen_ flat.fits MOS_MASTER SCREEN_FLAT
mos_disp_coeff.fits MOS_DISP_COEFF
mos_curv_coeff.fits MOS_CURV_COEFF
mos_slit_location.fits MOS_SILIT_ LOCATION

/home/vimos/cal/VIMOS_GRS_LR_red OS_red.fits CONFIG_TABLE

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

With the following command:

esorex vmmosscience mosscience.sof

the following products are created on disk:

mos_science_sKky_extracted.fits: image with rectified and wavelength calibrated slit spectra.

mos_science_extracted.fits: image with rectified, wavelength calibrated, and sky subtracted slit
spectra.

mos_science_sky.fits: image with rectified and wavelength calibrated slit sky spectra.
mos_unmapped_science.fits: image with the sky subtracted scientific spectra on the CCD.
mos_sci_unmapped_sky.fits: image with the modeled sky spectra on the CCD.
mos_science_reduced.fits: image with extracted objects spectra.
mos_sci_sky_reduced.fits: image with sky corresponding to the extracted objects spectra.

mos_sci_error_reduced.fits: image with the statistical errors corresponding to the extracted ob-
jects spectra.
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object_sci_table.fits: slit positions on the CCD, on the mapped images, and positions of the de-
tected objects within the slits.

mos_sci_skylines_offsets_slit.fits: table containing the observed sky lines offsets that were used
for adjusting the input wavelength solutions.

mos_sci_wavelength_map_sky.fits: map of wavelengths on the CCD.

mos_sci_disp_coeff_sky.fits: wavelength calibration polynomials coefficients after alignment of
the solutions to the position of the sky lines.

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

The recipe vmmosscience may also be used to handle more than one scientific exposure, provided that all
exposures were obtained using the same mask. In that case, the input frames would be reduced one by one, and
finally aligned and stacked into products analogous to those described above.

Support for a spectro-photometric calibration is also available, but in this case an atmospheric extinction table
(see entry EXTINCT_TABLE, page 124) and a spectral response curve for the present instrument configuration
(see MOS_SPECPHOT_TABLE entry, page 131) must also be specified in input.

Spectral response curves can be produced using the same vmmosscience recipe. In this example, the following
set-of-frames files would be created, respectively for the vmmoscalib and vmmosscience recipes:

File: stdcalib.sof

# These are

VIMOS.
VIMOS.
.2004-09-27T19:
VIMOS.

VIMOS

calibrations obtained with the standard star mask:

2004-09-27T19:
2004-09-27T19:

2004-09-27T19:

22
23:
24 :
33:

# Static calibrations remain

master bias.fits

/home/vimos/cal/lcat_LR_red.l.tfits
/home/vimos/cal/VIMOS GRS _LR red OS red.fits

File: stdscience.sof

22.308.fits
14.722.fits
52.651.fits
44.097.fits

typically the same as

VIMOS.2004-09-27T03:12:12.006.fits
master_bias.fits
mos_master screen_ flat.fits
mos_disp_coeff.fits
mos_curv_coeff.fits
mos_slit_location.fits

/home/vimos/cal/VIMOS_GRS_LR_red OS_red.fits

# Added atmospheric extinction table:

/home/vimos/cal/extinct_table.tfits

/home/vimos/cal/gdl08.tfits

/home/vimos/cal/vimos_telluric_regions.tfits

MOS_SCREEN_FLAT
MOS_SCREEN_FLAT
MOS_SCREEN_FLAT
MOS_ARC_SPECTRUM
for science:

MASTER_BIAS
LINE_CATALOG
CONFIG_TABLE

MOS_STANDARD
MASTER_BIAS
MOS_MASTER_SCREEN_FLAT
MOS_DISP_COEFF
MOS_CURV_COEFF
MOS_SLIT_LOCATION
CONFIG_TABLE

EXTINCT_TABLE
STD_FLUX_TABLE
TELLURIC_CONTAMINATION
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The telluric contamination table can be used to avoid telluric regions in the fitting of the response. This depends
on parameter --resp_ignore_mode (see section 7.12.3). If you want to remove the flat spectral energy distribution
before computing the response, you can add the [mos_flat_sed.fits] product created by the vmmoscalib recipe to
both stdscience.sof and mosscience.sof. Note that for holographic grisms this is neccessary due to the position

dependant response, see 9.16.1 for details.

The produced file mos_specphot_table.fits can then be added to the mosscience.sof file
(previous page). If file mos_specphot_table.fits is added to the sof file, the additional production of

flux calibrated extracted spectra is performed:

mos_science_flux_extracted.fits: image with rectified, wavelength calibrated, sky subtracted, and

flux calibrated slit spectra.

mos_science_flux_reduced.fits: image with extracted and flux calibrated objects spectra.

mos_sci_error_flux_reduced.fits: image with the statistical errors corresponding to the extracted

and flux calibrated objects spectra.
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4.4 Example of IFU data reduction

A simple, typical IFU data reduction procedure is described here.” It is assumed that the following data are
available:

One scientific exposure:

VIMOS.2004-04-27T04:15:24.227.fits IFU_SCIENCE
One standard star exposure:

VIMOS.2004-04-27T05:05:11.542.fits IFU_STANDARD

Five bias exposures:

VIMOS.2004-04-27T08:00:27.821.fits BIAS
VIMOS.2004-04-27T08:01:05.604.fits BIAS
VIMOS.2004-04-27T08:01:44.091.fits BIAS
VIMOS.2004-04-27T08:02:22.070.fits BIAS
VIMOS.2004-04-27T08:03:01.042.fits BIAS

Three flat field exposures:

VIMOS.2004-04-27T04:38:44.038.fits IFU_SCREEN_FLAT
VIMOS.2004-04-27T04:40:32.250.fits IFU_SCREEN_FLAT
VIMOS.2004-04-27T04:42:20.470.fits IFU_SCREEN_FLAT

One arc lamp exposure:
VIMOS.2004-04-27T04:44:14.842.fits IFU_ARC_SPECTRUM

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

In the following, it is also assumed for simplicity that the flag suppress—-prefix is setto TRUE in the
EsoRex configuration file, so that the product file names will just be identical to their product categories, with
the extension .fits. Moreover, it is assumed that all the handled files (inputs and products) are located in the
current directory. The only exception is represented by the standard calibration tables (e.g., line catalogues),
that here are assumed to be located under /home/vimos/cal.

The procedure is as follows:
First, a master bias is created with the recipe vmbias.
The product master_bias. fits isused in the reduction of the flat field, arc lamp, and scientific exposures.

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

"The procedure using Gasgano, instead of EsoRex, is conceptually identical.
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File: calib.sof

VIMOS.2004-04-27T04:38:44.038.fits IFU_SCREEN_FLAT
VIMOS.2004-04-27T04:40:32.250.fits IFU_SCREEN_FLAT
VIMOS.2004-04-27T04:42:20.470.fits IFU_SCREEN_FLAT
VIMOS.2004-04-27T04:44:14.842.fits IFU_ARC_SPECTRUM
master_bias.fits MASTER_BIAS
/home/vimos/cal/lcat_HR_red.tfits LINE_CATALOG
/home/vimos/cal/ifu_ident_HR_red.l.fits IFU_IDENT

This will be processed with:
esorex vmifucalib calib.sof

For data quality control, the following products will be created: an image of the extracted and wavelength
calibrated arc lamp spectra, ifu_arc_spectrum_extracted.fits; an image of the extracted and
wavelength calibrated flat field spectra, ifu_flat_spectrum_extracted.fits; and an image ob-
tained by the combination of all the raw input flat field exposures, ifu_master_screen_flat.fits.
For the purpose of reducing the scientific data, also the following files are created: the extraction mask,
ifu_trace.fits; the wavelength calibration, ifu_ids.fits; and the relative transmission factors,
ifu_transmission.fits.

These files are included in the set-of-frames prepared for the scientific data reduction process:

File: ifuscience.sof

VIMOS.2004-04-27T04:15:24.227.fits IFU_SCIENCE

master bias.fits MASTER_BIAS
ifu_ids.fits IFU_IDS

ifu _trace.fits IFU_TRACE
ifu_transmission.fits IFU_TRANSMISSION

This will be processed with:
esorex vmifuscience ifuscience.sof

The following files will be created: an image containing the extracted, transmission corrected, and wavelength
calibrated scientific spectra, 1fu_science_reduced. fits, and an image of the reconstructed IFU field-
of-view, ifu_fov.fits.

If, as in this case, an IFU exposure of a standard star is available, it can be reduced using the recipe vmifustan-
dard.
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File: ifustandard.sof

VIMOS.2004-04-27T05:05:11.542.fits IFU_STANDARD
master bias.fits MASTER_BIAS
ifu_ids.fits IFU_IDS

ifu trace.fits IFU_TRACE
ifu_transmission.fits IFU_TRANSMISSION
/home/vimos/cal/extinct_table.tfits EXTINCT_TABLE
/home/vimos/cal/ltt48l6.tfits STD_FLUX_TABLE

This will be processed with:
esorex vmifustandard ifustandard.sof

This will generate, among other products, the spectro-photometric table, i fu_specphot_table.fits.
This table, that contains the instrument efficiency and response curves, should be added to the i fuscience.sof
set-of-frames, together with the atmospheric extinction table, as in the following:

File: ifuscience.sof

VIMOS.2004-04-27T04:15:24.227.fits IFU_SCIENCE
master_bias.fits MASTER_BIAS

ifu ids.fits IFU_IDS
ifu_trace.fits IFU_TRACE
ifu_transmission.fits IFU_TRANSMISSION
/home/vimos/cal/extinct_table.tfits EXTINCT_TABLE
ifu_specphot_table.fits IFU_SPECPHOT_TABLE

and processed by:
esorex vmifuscience —-CalibrateFlux=true ifuscience.sof

This run would then generate, in addition to the usual products of this recipe, also the file containing the extracted
and flux calibrated IFU spectra, ifu_science_flux_reduced.fits.
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4.5 Known problems

The following is a list of currently-known issues with VIMOS recipes, and workarounds, if available:

The spatial curvature model may not be determined accurately from MOS flat field exposures by recipe vm-
moscalib, if the slit spectra display any spatial overlap, or if spectral multiplexing is present: the confusion
introduced at the edges of the slit spectra may strongly bias the tracing task. A safe and complete solution

to this problem is not yet available.

The spectral fringing correction performed by recipe vmmosscience involves only a sky fringing subtraction,

and therefore is of limited help in the case of bright object spectra.

The atmospheric extinction table made available in the static calibration directories (see Table 7.10, page
124), is based on data obtained at La Silla. This table may be replaced with another having the same
structure: the wavelengths at which the atmospheric extinction is given can be chosen freely, since all the
scientific data reduction recipes (vmifustandard, vmifuscience, vimmosscience and vmsphot) interpolate

the available values as necessary.

The IFU fiber identification performed by recipe vmifucalib appears to be negatively affected by changes in
temperature. If in the recipe products more than about 50 fibers appear to be "lost" in one pseudo-slit, it
may help to rerun the recipe using the "blind" fiber identification method: this method is always triggered

if no fiber identification table is specified in the input set-of-frames.

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

VIMOS data can be separated into raw frames and product frames. Raw frames are the unprocessed output of the
VIMOS instrument observations, while product frames are either the result of the VIMOS pipeline processing
(as reduced frames, master calibration frames, etc.), or come from external sources (as standard stars catalogs,
lists of grism characteristics, etc.).

Any raw or product frame can be classified on the basis of a set of keywords read from its header. Data
classification is based on FITS keyword values. In the case of raw frames, classification can be defined by
looking at least at three keyword values: DPR TYPE, DPR CATG, and DPR TECH. In the case of data products,
the classification of the frame is stored into the hierarchical keyword PRO CATG.

The association of a raw frame with calibration data (e.g., of a science frame with a master bias frame) can be
obtained by matching the values of a different set of FITS keywords.

Each kind of raw frame is typically associated to a single VIMOS pipeline recipe, i.e., the recipe assigned
to the reduction of that specific frame type. In automatic pipeline environment at Paranl this recipe would be
launched automatically. In some cases two recipes are assigned, one meant for the reduction of a single frame
of that type, and the other for the reduction of a stack of frames of the same type, as happens in the case of
jittered science observations.

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

In the following all raw and product VIMOS data frames are listed, together with the keywords used for their
classification and correct association. The indicated DO category is a label assigned to any data type after it has
been classified, which is then used to identify the frames listed in the set-of-frames (see Section 4.2.3, page 33).

5.1 Raw frames

Raw frames can be distinguished in general frames, direct imaging frames, MOS frames and IFU 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 the instrument mode (direct imaging, MOS, or IFU), as is
the case for bias and dark exposures. The keyword ESO INS MODE is set accordingly to 'IMG’ for direct
imaging frames, and to "MOS’ for any calibration associated to spectroscopy (either MOS or IFU), to indicate
the intended use for the data.



Doc: VLT-MAN-ESO-19500-3355
ESO VIMOS Pipeline User Manual Issue: Issue 4.1.10
Date: Date May 15th 2024
Page: 47 of 235
* Bias:

DO category: BIAS
Processed by: vmbias

Classification keywords:

DPR CATG =
DPR TYPE =
DPR TECH =

e Dark current:

CALIB
BIAS
IMAGE

DO category: DARK
Processed by: vmdark

Classification keywords:

DPR CATG =
DPR TYPE =
DPR TECH =

CALIB
DARK
IMAGE

Association keywords:

INS
OoCS
DET
DET
DET
DET
DET
DET
DET

Association keywords:

INS
OCS
DET
DET
DET
DET
DET
DET
DET

MODE

CON QUAD
CHIP1 ID
WIN1 NY
WIN1 BINX
WIN1 BINY
READ MODE
READ SPEED
READ CLOCK

MODE

CON QUAD
CHIP1 ID
WIN1 NY
WIN1 BINX
WIN1 BINY
READ MODE
READ SPEED
READ CLOCK

* Screen flat field for gain determination and bad pixels detection:

DO category: DETECTOR_PROPERTIES

Processed by: vmdet

Classification keywords:

DPR CATG =
DPR TYPE =
DPR TECH =

TPL ID = VIMOS_img_tec_DetLin
or VIMOS_mos_tec_DetLin

CALIB
FLAT, LAMP
IMAGE or MOS

Association keywords:

INS
0oCS
DET
DET
DET
DET
DET

MODE

CON QUAD
CHIP1 ID
WIN1 NY
WIN1 BINX
WIN1 BINY
READ MODE

Note:

Instrument mode
Quadrant used

Chip identification
No of pixels iny
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:

Instrument mode
Quadrant used

Chip identification
No of pixels in 'y
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:

Instrument mode
Quadrant used
Chip identification
No of pixels in y
Binning along X
Binning along Y
Readout method
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DET READ SPEED Readout speed
DET READ CLOCK Readout clock pattern

5.1.2 Direct imaging frames

The direct imaging mode is used to record signal without using any grism.

* Exposure of calibration mask:

DO category: MASK_TO_CCD
Processed by: vmmasktoccd

Classification keywords: Association keywords: Note:

DPR CATG = CALIB INS MODE Instrument mode

DPR TYPE = OTHER, LAMP OCS CON QUAD Quadrant used

DPR TECH = IMAGE INS ADF ID ADF file ID

TPL ID = VIMOS_img_tec_MaskToCcd INS FILT[1-4] ID Filter ID on each beam
DET CHIP1 ID Chip identification
DET WIN1 NY No of pixels iny
DET WIN1 BINX Binning along X
DET WIN1 BINY Binning along Y
DET READ MODE Readout method
DET READ SPEED Readout speed
DET READ CLOCK Readout clock pattern

* Preimaging for MOS mask preparation:

DO category: IMG_PREIMAGING

Classification keywords: Association keywords: Note:
DPR CATG = SCIENCE INS MODE Instrument mode
DPR TYPE = OBJECT OCS CON QUAD Quadrant used
DPR TECH = IMAGE, PRE INS FILT[1-4] ID Filter ID on each beam
DET CHIP1 ID Chip identification
DET WIN1 NY No of pixels iny
DET WIN1 BINX Binning along X
DET WIN1 BINY Binning along Y
DET READ MODE Readout method
DET READ SPEED Readout speed

DET READ CLOCK Readout clock pattern
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» Twilight flat field:

DO category: IMG_SKY_FLAT
Processed by: vimos_ima_twilight_flat

Classification keywords:

DPR CATG =
DPR TYPE =
DPR TECH =

¢ Screen flat field:

DO category: IMG_SCREEN_FLAT

CALIB
FLAT, SKY
IMAGE

Classification keywords:

DPR CATG =
DPR TYPE =
DPR TECH =

TPL ID = VIMOS_img_cal_ScreenFlat

CALIB
FLAT, LAMP
IMAGE

e Standard stars field:

DO category: IMG_STANDARD

Classification keywords:

DPR CATG =
DPR TYPE
DPR TECH

CALIB
STD
IMAGE

Association keywords:
INS MODE

OCS CON QUAD
INS FILT[1-4] ID
DET CHIP1 ID
DET WINI1 NY

DET WIN1 BINX
DET WIN1 BINY
DET READ MODE
DET READ SPEED
DET READ CLOCK

Association keywords:
INS MODE

OCS CON QUAD

INS FILT[1-4] ID
INS LAMP[1-5] ID

Note:

Instrument mode
Quadrant used

Filter ID on each beam
Chip identification
No of pixels in 'y
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:

Instrument mode
Quadrant used

Filter ID on each beam
Calib. lamps ID

INS LAMP[1-5] STATE Lamp state

DET CHIP1 ID
DET WINI1 NY
DET WIN1 BINX
DET WIN1 BINY
DET READ MODE
DET READ SPEED
DET READ CLOCK

Association keywords:
INS MODE

OCS CON QUAD

INS FILT[1-4] ID

Chip identification
No of pixels in y
Binning along X
Binning along Y
Readout method
Readout speed
Readout clock pattern

Note:

Instrument mode
Quadrant used

Filter [1-4] on each beam
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DET CHIP1 ID Chip identification

DET WIN1 NY No of pixels iny

DET WIN1 BINX Binning along X

DET WIN1 BINY Binning along Y

DET READ MODE Readout method

DET READ SPEED Readout speed

DET READ CLOCK Readout clock pattern

¢ Astrometric stars field:

DO category: TMG_ASTROMETRY
Processed by: vmskyccd

Classification keywords:
DPR CATG = CALIB
DPR TYPE = ASTROMETRY
DPR TECH IMAGE

¢ Scientific observation:

DO category: IMG_SCIENCE

Classification keywords:
DPR CATG SCIENCE
DPR TYPE OBJECT
DPR TECH = IMAGE

Association keywords:

INS
0oCS
OBS
INS
DET
DET
DET
DET
DET
DET
DET

MODE

CON QUAD
TARG NAME
FILT[1-4] ID
CHIP1 ID
WIN1 NY
WIN1 BINX
WIN1 BINY
READ MODE
READ SPEED
READ CLOCK

Association keywords:

INS
OCS
INS
DET
DET
DET
DET
DET
DET
DET

MODE

CON QUAD
FILT[1-4] ID
CHIP1 ID
WIN1 NY

WIN1 BINX
WIN1 BINY
READ MODE
READ SPEED
READ CLOCK

Note:

Instrument mode
Quadrant used
Astrometric field used
Filter ID on each beam
Chip identification
No of pixels in 'y
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 pixels iny
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 simultaneous spectra from several objects in the field-

of-view.

¢ Screen flat field:

DO category: MOS_SCREEN_FLAT
Processed by: vmmoscalib

Classification keywords:

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

* Arc lamp spectra:

DO category: MOS_ARC_SPECTRUM
Processed by: vmmoscalib

Classification keywords:

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

Association keywords:

INS
0oCS
INS
INS
INS
INS
INS
INS
DET
DET
DET
DET
DET
DET
DET

MODE
CON QUAD
FILT[1
GRIS
MASK
MSHU
LAMP
LAMP [
CHIP1 ID
WIN1 NY
WIN1 BINX
WIN1 BINY
READ MODE
READ
READ

4]
(1-4]
(1-4]
(1-4]
[(1-5]
1-5]

SPEED
CLOCK

NAME
ID
ID
MODE
ID

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

Association keywords:

INS
OCS
INS
INS
INS
INS
INS
INS
DET
DET
DET
DET

MODE
CON QUAD

WIN1 BINX
WIN1 BINY

NAME
ID
ID
MODE
ID

Chip identification
No of pixels in 'y
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

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

¢ Standard star spectrum:

DO category: MOS_STANDARD
Processed by: vmmosscience

Classification keywords:

DPR CATG = CALIB
DPR TYPE = STD
DPR TECH = MOS

¢ Scientific observation:

DO category: MOS_SCIENCE
Processed by: vmmosscience

Classification keywords:
DPR CATG = SCIENCE
DPR TYPE = OBJECT
DPR TECH MOS

Association keywords:

INS
OCS
INS
INS
INS
INS
DET
DET
DET
DET
DET
DET
DET

MODE

CON QUAD
FILT[
GRIS|
MASK [
MSHU [
CHIP1 ID
WIN1 NY
WIN1 BINX
WIN1 BINY
READ MODE
READ SPEED
READ CLOCK

1-4]
1-4]
1-4]
1-4]

NAME
ID
ID
MODE

Association keywords:

INS
OCS
INS
INS
INS
INS
DET
DET
DET
DET
DET
DET
DET

MODE

CON QUAD
FILT[1-4
GRIS[1-4
MASK[1-4
MSHU[1-4
CHIP1 ID
WIN1 NY

WIN1 BINX

WIN1 BINY

READ MODE

READ SPEED
READ CLOCK

[ T T ")

NAME
ID
ID
MODE

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 pixe