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ABSTRA CT

VIMOS s the Visible Multi-Ob ject Spectrograph mounted at the Nasmyth focus of the 8.2m Melipal (UT3)

telescope of the ESO Very Large Telescog. VIMOS operates with four channelsin three observing modes:
imaging, multi-ob ject spectroscofy (MOS), and integral "eld spectroscopy. VIMOS data are pipeline-processed
and quality-chedked by the Data Flow Operation group in Garching. The quality ched is performed in two
steps. The rst oneis a visual chedk of eact pipeline product that allows the identi cation of any potential

major data problem, sud as, for example, a failure in the MOS mask insertion or an over/under exposure. The

secondstep is performed in terms of Quality Control (QC) parameters, which are derived from both raw and
processeddata to monitor the instrument performance. The ewlution in time of the QC parametersis recorded
in a publically available database (http://www.eso.org/gqc/ ). The VIMOS QC parametersinclude, for eadh

of the four VIMOS channels, the bias level, read-out-noise, dark current, gain factor, °at- eld and arc-lamps
exciencies, resolution and rms of dispersion, sky °at- eld structure, image quality and photometric zeropoints.

We describe here someexamplesof quality chedks of VIMOS data.
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1. INTR ODUCTION

The VIMOS instrument is primarily designedfor wide "eld imaging (14°£ 16% and multi-ob ject spectroscopy
(MOS). In addition, it hasan integral eld unit (IFU) providing a “eld of view of up to 1° The “eld of view is
divided into four identical channels. In imaging mode, 6 Tters are available: U, B, V, R, I, and z. In MOS and
IFU modes,6 grismsare available, all operating in “rst order. In MOS mode, the "rst-order spectra obtained with

low-resolution grismstypically extend over lessthan 600 pixels in the dispersiondirection. Sincethe detector has
a sizeof 2kE 4k, it is possibleto align up to 5 rst-order spectra along the dispersiondirection (i.e. multiplexing

factor of 5) and to accommalate a total of up to 150-200slits per quadrant. These rst-order spectra su®erfrom
the cortamination by spectra of order 0, j 1 and 2 from the multiplexed slits. First-order spectra obtained with

high-resolution grisms extend beyond the detector length, and hence, multiplexing is not possiblein this case.
The IFU consistsof 6400(80£ 80) b erscoupledto microlenses.A focal elongator provides 2 spatial samplings
of 0.337b er and of 0.67°7b er. At low spectral resolution, the b ers are split into 16 bundles of 400 b ers
ead, eath quadrant receiving 4 bundlesthat provide 4 multiplexed seriesof 400 spectra ead1. At high spectral
resolution, only the certral 4 bundles of the IFU head are used, ead quadrant receiving only one bundle. The
b er-to- b er distance at detector level is of » 5 pixels, while the "ber prole FWHM is » 3:2 pixels. More
detailed information about the instrument can be found at http://www.eso.org/instruments/vimos/

VIMOS started operations in Paranal on 1 April 2003. The Data Flow Operation (DF O) group in Garching
has since been in charge of processingVIMOS data using data reduction recipes and quality corntrol (QC)
parameters. An overview of the generalQC operations is given by Hanusdik and Silva.! The VIMOS data QC
processin Garching relies on the closeinteraction betweenthe Data Flow System (DFS) team, which produces
the data reduction recipes,and the Paranal ScienceOperation (PSO) team, which operatesthe instrument. The
VIMOS DFO operationsin Garching can be described as a sequenceof four steps: retrieval and classi cation of
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the raw data; processingof calibration data (i.e. data reduction and QC operations); processingof sciencedata
(i.e. data reduction and QC operations); and production of Service Mode data padages.

The QC operations are performed on the product of the data reduction recipes. For imaging and MOS
obsenations, data reduction recipeshave beenavailable sincethe beginning of VIMOS operations in April 2003.
For IFU obsenations, data reduction recipes have started to becomeavailable only in May 2004. We therefore
focus here on the description of QC operations performed on imaging and MOS data. The QC operations consist
of two steps: visual inspection of the data reduction products and monitoring of the QC parameters. The primary
purposeof these operations is

1. to selectonly good calibration products to reduce Service Mode sciencedata, and

2. to improve the instrument performances. Any anomaly detected in the instrument behaviour is reported
to PSO in order for appropriate action to be taken.

We summarize the DFO data °ow processin Section 2 below. In Section 3, we describe the rst step of
QC operations: the visual inspection of data reduction products. The secondstep, the monitoring of the QC
parameters,is described in Section4. In Section5, we merntion someadditional DFO services.

2. DATA CLASSIFICA TION, ASSOCIA TION AND REDUCTION

DVDs containing raw data are mailed typically every week from Paranal to Garching, where they are ingested
into the ESO archive. After retrieval from the archive, we classify in Garching all data according to a set of
speci ¢ headerkeywords (e.g., bias, sky °at, screen°at). Then, we proceedwith data assaiation, which involves
additional headerkeywords. For example, all biasestaken in the samequadrant using the sameread-out mode
are ass@iated together and written to a single Te that is later usedto launch a data reduction recipe producing
a master bias. This ass@iation and recipe calling is done following a \cascade" procedurebasedon Te type. In

imaging mode, the cascadeprocedureis asfollows: (1) production of master biases;(2) production of master sky
°ats using the closest-in-time master biases;(3) reduction of photometric standard stars to produce the night-

zeropoint table using the closest-in-time master biasesand master °ats; and (4) reduction of the scienceframes
using the closest-in-time master biases,master sky °ats and night-zeropoint table. Similar cascadeprocedures
are usedin MOS and IFU modes. The data assaiation, classi cation and recipe calling is achieved using shell
scripts written by the DFO group. The VIMOS data reduction recipes (written in C by the DFS group) also
produce QC parameters. After the reduction is complete, we proceedwith QC operations on the recipe products
(seebelow). The sciencedata reduced using the selectedcalibration products are cheded for quality. The nal

step of the DFO data °ow is the production of the ServiceMode data packages.

VIMOS data reduction recipesare alsorun in Paranal using standard calibration framesto provide an on-line
quick-look data chedk. The products of the imaging calibration recipesare master biases,master darks, master
sky °ats, master screencats, reduced standard star images, and night-zeropoint tables. The scienceimaging
reduction recipe produces a bias subtracted, °at- eld corrected and photometrically calibrated image. The
MOS calibration recipes produce master °ats and extraction tables which corntain information about the local
modelling of the spectra and of the dispersion solution. The MOS sciencerecipesalso support jitter combination
and produce extracted slit spectra and 1-dimensional optimal extracted spectra, which are sky-subtracted and
wavelength-calibrated. The IFU sciencereduction products are the reconstructed image of the "eld of view and
the extracted and wavelength-calibrated spectra of each b er.

3. QC OF DATA: VISUAL INSPECTION

Oncethe reduction products are created, we ched the quality of ead product. If any anomaly is detectedat this
stage,we alsoched the raw Tes from which the products werecreated. The rst quality ched consistsin a visual
inspection of the data products. This is achieved by visualizing the product itself, along with complemenary
information sud as signal statistics, cross-cuts,di®erenceswith previous similar frames. Visual inspection is
performed rst on calibration data, following the cascadeproceduredescribed in Section2 above to exclude bad
products from subsequeh data reduction steps.



Figure 1. Visual QC inspection of the MOS dispersion solution. The two arc-lamp frames were wavelength-calibrated
using the dispersion solution found by the reduction recipe. They were resampled on to a constant wavelength interval of
7.11A/pix. Each frame represerts a quadrant taken in a single exposurewith the LRred grism (quadrant 1 on the left and
quadrant 3 on the right). The original frames have 82 and 67 slits in quadrant 1 and 3, respectively. Here, only portions
including 13 slits are showvn. The QC parameter IDS_RMSlescribing the quality of the dispersion solution is indicated in
each case. On the left-hand side, the dispersion solution found by the reduction recipe is poor. Black regions reveal
slit spectra which could not be calibrated becauseno dispersion solution was found. Moreover, for the 8 slits for which
a dispersion solution was found, the arc lines are not aligned, the e®ectbeing most pronounced in the blue region of the
spectra. This is con' rmed by the large value of the QC parameter IDS_RMS4.47 pixels. On the righ t-hand side, the
dispersion solution applied is good. The arc-lamp lines are well aligned for all slits. This is con rmed by the modest value
of the QC parameter IDS_.RMS0.38 pixels. The dispersion solution in this casecan be used for sciencereduction.

In addition to revealing any potential anomaly, visual inspection is also helpful for detecting obsenation
problems, such as bad pointing and over/under exposure, and instrument problems. Problems detected in this
way are reported to PSO for further adjustment of the obsenation technique or better identi cation of the
instrument problem. Examples of problems which we detected through visual inspection include:

1. Bad sky °at-"eld pointing. This problem is detected by displaying the master °at "eld and looking for the
presenceof residual star signatures. The large eld of view of VIMOS makesit dizcult to nd sky regions
dewoid of bright stars to obtain °at "elds. When bright stars are included in the "eld of view and saturate
the detector in the raw °at exposures,their signaturesa®ectthe master °at "eld.

2. Bad photometric-standard-star "eld pointing or over/under exposure. These problems are detected by
comparing the positions of the catalog standard stars and of the standard stars having good signal used
for zeropoint computation in a reducedframe.

3. Mask insertion problemsduring MOS obsenations. This problem is detected by displaying the products of
the wavelengthcalibration recipe. When a maskwasnot inserted properly, the wavelength calibration recipe
cannot nd a good dispersion solution. The quality ched of the dispersion solution consistsin applying
this dispersion solution to the arc-lamp spectra. Fig. 1 shows the result of applying a poor (left-hand side)
and a good (right-hand side) dispersion solution to arc-lamp frames. The QC parameter IDS_RMSInverse
Dispersion Solution RMS) describing the quality of the dispersion solution for ead exposurecon rms the
visual results. Sud failures are analyzedin the corntext of the observing night. If the caseis isolated and
other good arc-lamp spectra exist for this con guration, we simply remove the bad product from the science
data reduction. Otherwise, we proceedwith a deeper analysis basedon the monitoring of QC parameters.



VIMOS QC_Report: MOS_SKY_LR_red_Q2 Date: 2004-04-12

GRISM: LR_red SLIT_NO=17 MODE: SCI_MOS_STARE
master: r.VIM0S.2004-04-13T02:49:11.768_0000.fits
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Figure 2. Visual QC ched of a MOS reduced scienceframe of quadrant 2 taken with the LRred grism. The sky spectra
of three selectedslits are plotted, and the wavelengths of seweral sky lines are compared with tabulated values. The sky
lines inspected here are Nal, 58916, Ol, 62997, OI, 63636, OH, 82915, OH, 8347.3, OH, 87707, and OH, 88301. The
QC parameter of dispersion solution IDS_.RMS0.41pix con rms the good quality of the data product.

Oncethe good calibration products are selected,we proceedwith the reduction and visual inspection of the
scienceproducts. Fig. 2 shaws a typical visual ched of the wavelength calibration of MOS and IFU science
products. The wavelengths of seweral sky lines included in the obsened spectral region are compared with
tabulated values. Any mismatch in this comparisonwould reveal a failure of the sciencereduction recipe. Most
failures detected during the “rst year of operations were causedby problems related to mask insertion.

4. QC OF DATA: MONITORING OF QC PARAMETERS

While visual inspection of the data products allows the immediate detection of day-by-day problems,the memory
of the instrument behaviour over its life of operation is stored in the QC parameters. In this sense,monitoring
the QC parametersimplies monitoring the stability of the instrument. VIMOS su®ersfrom seweral medanical
problems, which can have an incidenceon the data products, despitethe cortin uous supervision of the instrument
by the PSO team during obsenations. Table 1 lists the QC parameterswhich we have beenmonitoring.

Table 1. Monitored VIMOS QC parameters for ead instrumental mode

Mode Property

General | bias level, read out noise, bias structure, dark current, gain, FF lamp stability
Imaging | sky-°at structure, magnitude zeropoints, colour terms, image quality

MOS rms of dispersion solution, resolution

IFU (in developmert)




VIMOS trend analysis: CONAD (May03—May04)

Nominal:
Q1: 1.73
Q2: 1.86
Q3: 1.95
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Figure 3. Monitoring the Conversion Factor ADU-to-electrons (CONAD) for the four quadrants in Low Gain mode.

The performance of ead detector is monitored on the basis of the bias level, read-out noise (RON), bias
structure and gain parameters. The Low-Gain detector mode is used for imaging and the High-Gain detector
mode for spectroscopy. The bias behaviour was stable in all quadrants betweenMay 2003and May 2004. Fig. 3
shaws the monitoring of the Conversion Factor ADU-to-electrons (CONAD), betweenMay 2003and May 2004,
for the Low Gain mode. The CONAD was stable over this period and consistet with the nominal values
indicated in the "gure. Dark frames are not taken frequertly, but the sporadic monitoring of the dark current
also shaws that it is stable around » 5 6 e /hr/pix.

The magnitude zeropoints provide information about the exciency of the overall instrument{telescope system
and depend on the atmospheric conditions. The zeropoint QC parameters are measuredregularly in all Tters.
As an example, Fig. 4 shows the monitoring of the V-band magnitude zeropoint over the period from May 2003
though May 2004. The independert computation of the zeropoint for ead of the four quadrants allows the
easy distinction between exciency variations of the telescope or of one of the instrument channels. In Fig. 4,
most of the zeropoint variations arising in a given quadrant were causedby medanical problemswith the Filter
Exchange Unit (seecaption for detail). The regionswith no data correspond to periods when the instrument
was serviced. The introduction of dust in the optics during a long intervertion causeda slight decreaseof the
zeropoint by » 0:05; 0:1 magin all quadrants. The increaseof the magnitude zeropoint by » 0.2 mag starting
on 2004-03-24was causedby the telescope primary mirror alumination. The VIMOS ezxciency is » 1:5j 2 mag
higher than that of both FORS1 and FORS2 on the VLT in the U band and 0.5 mag higher in the B band. It
is comparableto the FORS1 exciency in V, R, and I, but lower than that of FORS2by » 0:4 magin R and of
» 0:;7magin |.

The image quality is measuredin scienceimaging frames. It dependson the atmospheric seeingand on the
optical performancesof the instrument and telescope. The seeingdependson atmospheric turbulence, airmass,
and wavelength of obsenation. For VIMOS, ead scienceexposure provides a simultaneous determination of the
image quality for the four channels, for the same atmospheric conditions, airmass, and wavelength. The com-
parison of thesefour determinations of image quality provides direct information about the optical performance
of ead channel. Furthermore, the comparison of the VIMOS image quality with the Di®ererial Image Motion
Monitor (DIMM) seeingvalues (corrected for airmass and wavelength) provides useful information about the
optical performance of the instrument{telescope system, even though the atmospheric turbulence may slightly
vary betweenUT3 and DIMM. Fig. 5 shows the monitoring of the night-averagedimage quality measuremets
obtained between May 2003 and May 2004 in the R and B TTters for the four VIMOS quadrants. For each
guadrant, the night-averagedimage quality is an averageover all scienceframes taken during that night. We



VIMOS trend analysis:
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Figure 4. Monitoring of the V-band magnitude zeropoint for the four VIMOS quadrants. Discrepant measuremeris
indicate in most casesmechanical problems with the Filter Exchange Unit. The upper outliers, on 2004-03-31in quadrant
1 and on 2003-07-09in quadrant 3, correspond to dates when the Tter units 1 and 3 were not operational (no Tter

inserted). The bottom outliers have various origins: on 2003-05-26in all quadrants, they were causedby poor atmospheric
conditions; on 2003-06-30in quadrant 4 and on 2003-07-20in quadrant 3, a di®erert Tter was inserted; on 2003-10-23
in quadrant 1, there was a shutter problem. The regions with no data correspond to periods when the instrument was
serviced. The introduction of dust in the optics during a long intervention causeda slight decreaseof the zeropoint by
» 0:05; 0:1 mag in all quadrants. The increase of the magnitude zeropoint by » 0.2 mag starting on 2004-03-24was
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causedby the telescope primary mirror alumination.

Filter: V
Extin.Coef: 0.15
Col.Term: 0

outliers : LT

Flux in (e/sec)
CONAD (e/ADU) used
Q1l: 1.73
Q2: 1.86
Q3: 1.95
Q4: 1.80



VIMOS trend analysis: NIGHT MEAN of IMAGE QUALITY MayO03-May04
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Figure 5. The two plots on the left-hand side show the monitoring of the night-averagedimage quality measuremeris
obtained between May 2003 and May 2004 in the R (top) and B (bottom) Tters for the four VIMOS quadrants, as
indicated. There are more data points in R becausethis Tter was used more often than the B Tter. The average
of the DIMM seeing measuremerts obtained at the same time as the VIMOS images are also shown and connected
with dashed lines. The DIMM seeing measuremers are corrected for wavelength using the relation: FWHM( ,) =
FWHM pmm £ (L omm =,)%2. In the R TTter, the image qualities of the four quadrants are consistert with eac other and
with the DIMM seeing. In the B “Tter, quadrant 2 tends to have worseimage quality than the other quadrants. The two
plots on the righ t-hand side show the di®erencebetweenthe image qualities of quadrants 2 and 3 as a function of the
adaptor rotation angle (ROTANGLEIn the R (top) and B (bottom) TTters. The poor B-band image quality in quadrant 2
ariseswhen ROTANGLHhas negative values and values larger than 200*.

also compute the night-averaged DIMM seeingby averaging the measuremets taken at the sametime as the
VIMOS obsenations. Fig. 5 shaws that in the R "Tter, which is more often usedthan the B TTter, the image
qualities of the four quadrants are consistert with ead other and with the DIMM seeing.In the B "Tter, however,
guadrant 2 tends to have worseimage quality than the other quadrants. Also shown on the right-hand side of
Fig. 5 is the di®erencebetweenthe image qualities of quadrants 2 and 3 plotted as a function of the adapter
rotation angle. The bad B-band image quality of quadrant 2 arisesonly for speci ¢ valuesof the rotation angle.
This monitoring allowed us to identify that the B “Tter of quadrant 2 was not well "xed in the cabinet.

For MOS data, the monitoring of the InverseDispersion Solution RMS is useful for detecting mask insertion
problems. The IDS_ RMS)C parameter indicates the quality of the dispersion solution obtained by the reduction
recipe. If the maskis not inserted properly, the dispersion solution is poor, and the IDS_RMS$arameter is large.
In Fig. 1 above, we showed the result of a poor dispersion solution applied on an arc-lamp frame. Fig. 6 shows
the monitoring of the IDS_.RMSarameter for all the data taken with the LRred grism between January and
May 2004. The values of IDS_.RMSorresponding to a good dispersion solution depend on the individual mask
design,and in particular, on the level of contamination of the "rst-order spectra (Section 1). In general,for low-
resolution grisms, a good solution is expected to correspond to valuesof IDS_RMSround 0.5pix. Valueslarger
than » 2pix are not acceptable,and in most casesthey indicate that a maskwasnot well inserted. In Fig. 6, we
indicate with di®erent symbolsthe valuesof IDS_RM®btained with arc-lamp framestaken during the day and the
night. Night frames are taken just after the scienceobsenations, without changing the telescope con guration.



VIMOS trend analysis: MOS-DISPERSION-RMS_LR_red
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Figure 6. The InverseDispersion Solution RMS is useful for detecting mask insertion problems. Values of IDS_RMSarger
than » 2pix indicate that the mask wasnot inserted properly. The valuesobtained with arc-lamp framestaken during the
day are marked with stars, while the values obtained with arc-lamp frames taken at night immediately after the science
obsenations are marked with dots.

Day frames are usually taken in the morning following the scienceobsenations. Fig. 6 shows that there is a
discrepancyin the values of IDS_RMSetween night- and day-time obsenations, and that quadrant 1 has been
the most subject to maskinsertion problems: in January, the problem a®ectedonly night-time obsenations with
guadrant 2 and both night- and day-time obsenations with quadrant 1; in February, only day-time obsenations
with quadrant 1 were a®ected. In February, the PSO team in Paranal started to supervise mask insertion at
night. This hasled to signi cant improvemert in the night calibration data.

5. ADDITIONAL SERVICES

As another service,while the MOS spectrophotometric data reduction recipe is not yet available, we compute and
comparemanually from time to time the MOS ezciency curvesfor eath quadrant using the spectrophotometric
standard obsenations. Fig. 7 showsthat the primary mirror alumination in March 2004hasled to a 10%increase
in the exciency curve of the LRred grism.

The time delay between the acquisition of data in Paranal and their processingby DFO in Garching is
approximately 15 days. In Garching, we provide day by day information about the QC parameters via the
Health-Check Monitor (http://www.eso.org/observing/dfo/quality/ALL/daily _qcl.html ). The quick-look
pipeline running at Paranal writes QC parametersin a log Te that is sert to the DFO macine in Garching
via FTP. We monitor these parameters together with those obtained by the DFO data reduction to identify
as fast as possibleany potential anomaly in the instrument behaviour. Most QC parameters produced by the
Paranal quick-look pipeline di®er slightly from those elaborated in Garching, even though the reduction recipes
are the same. This is becausethe o®-line pipeline in Garching allows us to selectthe best calibration frames
and to adjust the recipe parametersas a function of the instrument setting (e.g., in the wavelength calibration
recipe, di®eren parameterscan be usedfor low-resolution and high-resolution grisms). The quick-look pipeline
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Figure 7. Exciency curvesin LRred grism quadrant 1 obtained before and after the primary mirror alumination in
March 2004. The increasein exciency is about 10 % over the whole spectral range.

on Paranal, which uses xed recipe parametersand standard calibration frames, remains essetial for triggering
any evertual alarm the day following a set of abnormal obsenations.
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