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1 Introdution
1.1 SopeThis doument establishes the spei�ations for the design and arhiteture of the Data Redution Soft-ware (DRS) of the `�bre' mode of the UVES (Ultraviolet-Visual Ehelle Spetrograph) instrument usedin onnetion to the optial �bre positioner FLAMES mounted on VLT Kueyen (UT2) telesope. TheUVES spetrograph is mounted on the Nasmyth B Platform of VLT Kueyen and is fed in its �bre modeby up to 8 independent �bres.1.2 Doument overviewChapter 1 states the purpose and organisation of the doument.Chapter 2 ollets all the referenes, the aronyms and onventions used throughout the doument .Chapter 3 desribes the assumptions underlying the whole DRS design, inluding instrumental hara-teristis, and the spei�ations whih the DRS will have.Chapter 4 outlines the appliation of the standard and optimal extration algorithms to the spei�problem of adjaent, partially overlapping ross dispersed spetra, the required extensions and therespetive advantages and drawbaks.Chapter 5 desribes, from a oneptual point of view, the operative steps whih ompose the dataredution.Chapter 6 outlines, in the shemati form of tables, the atual steps of the data redution, how theywill be implemented and the ow of data between them.Chapter 7 desribes in some detail the modules whih will ompose the DRS, speifying where theyare used in the data redution, as some of them are used, unhanged, in di�erent plaes of the dataredution hain, on di�erent inputs and produing di�erent outputs.Chapter 8 desribes some numerial tests that have been performed to assess the feasibility of thealgorithms and their dependene on the assumptions (in terms of instrumental stability).
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2 Doumentation
2.1 Related doumentsThe following douments onstitute part of this doument. In the event of onit between the doumentsreferened here and the ontent of this doument, the ontent of the present doument supersedes allprevious doumentation.2.2 Appliable doumentsThe following douments are to be onsidered as part of this doument. They desribe the work to bearried out and the onstraints to be taken into aount:[AD 1℄ Ital-FLAMES Projet Management Plan, Issue 1, VLT-PLA-ITA-13750-0001[AD 2℄ UVES User Manual, VLT-MAN-ESO-13200-1825[AD 3℄ FLAMES Operation and Calibration Plan, Issue 1.0, VLT-PLA-ESO-13700-1788[AD 4℄ UVES Pipeline and Quality Control User's Manual, Issue 1.1, VLT-MAN-ESO-19500-1619[AD 5℄ Annex to FLAMES/UVES DRS Design and Arhiteture Report, Issue 1.0, VLT-TRE-ITA-13750-0002 (annex)[AD 6℄ Meeting of the ITAL-FLAMES Consortium Minutes, Issue 1.0, VLT-MIN-ITA-13750-0004[AD 7℄ GIRAFFE Spetrograph and Fibre Subsystems: Tehnial Spei�ation, Issue 1.1, VLT-SPE-ESO-13730-1657[AD 8℄ FLAMES Templates Referene Guide, Issue 1.0, VLT-SPE-ESO-13700-1995[AD 9℄ Data Flow for VLT instruments Requirement Spei�ation, Issue 1.0, VLT-SPE-ESO-19000-1618
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[AD 10℄ ESO-MIDAS User Guide, Volume A: System, MIDAS Release 98NOV, MID-MAN-ESO-11000-0002[AD 11℄ ESO-MIDAS User Guide, Volume B: Data redution, MIDAS Release 98NOV, MID-MAN-ESO-11000-0003[AD 12℄ FLAMES UVES Requirements on the UVES software for the Fibre Mode of UVES, Issue 1.0,VLT-SPE-ESO- 13200-21002.3 Referene doumentsThe following douments are to be onsidered as useful douments to be used for referening purposes.[RD 1℄ Hill, V., 'GIRAFFE, UVES: Spetra separation and ontamination', Informal ESO report 1999[RD 2℄ Zaggia, S., Informal ESO report (2000) on spetra separation and ontamination in UVES �bremode[RD 3℄ Horne, K., `An optimal extration algorithm for CCD spetrosopy', 1986, PASP, 98, 609[RD 4℄ Robertson, J.G., `Optimal extration of single-objet spetra from observations with two-dimensional detetors', 1986, PASP, 98, 1220[RD 5℄ Mukai, K., `Optimal extration of ross dispersed spetra', 1989, PASP, 102, 1832.4 AronymsAs follows you an �nd all the aronyms used in this doument.DRS Data Redution SoftwareESO European Southern ObservatoryFF Flat Field of all the �bresFLAMES Fibre Large Array Multi Element SpetrographRON Read Out NoiseSF Siene FrameSNR Signal to Noise RatioTBC To Be Con�rmedTBD To Be De�nedUVES UV Ehelle SpetrographVLT Very Large TelesopeWF Wavelength Frame (alibration frame)

FLAMES-UVES Data Redution Software Design and Arhiteture Report



Do.: VLT-TRE-ITA-13750-0002 Issue: 2.1I-FLAMES DRS Team Unit: I-FLAMES DRS Setion: 2.5Date: November 13, 2000 Page: 8
2.5 ConventionsAs follows you an �nd all the onventions (both the typographi and the naming ones) used in thisdoument.2.5.1 Naming ConventionsFFeven Flat Field with the even �bresFFn Flat Field with the n-th �breFFodd Flat Field with the odd �bres[alibrations℄ Frame made during the alibration time[database℄ Frame ontained in the UVES database[outx.y℄ Output from the stage x.y of the proedure2.5.1.1 Naming Conventions for shemesbpM bad pixel MaskCCT Cross-Correlation tableDB Dark and Bias FramesFFa Flat Field with all �bresFFo Flat Field with odd �bresFFe Flat Field with even �bresIFSFF Full Slit Flat FieldIOT Inter-Order tableIF Illumination FrationOFS Order-�bre polynomial SolutionOFT 1st guess order �nding tableSF Siene FrameSFF Single �bre Flat FieldSS Siene SpetrumTC Throughput CorretionWCS Wavelength Calibration (1st guess) solutionWS Wavelength SpetrumWF Th-Ar Frame2.5.2 Typographi onventionsS(i; j) Siene frame matrixFn(i; j) n-th �bre Flat Field matrix
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V (i; j) Variane matrixM(i; j) Mask matrixparameter Parameter to be used in proedure[parameter℄ Optional parameterName.tbl Filename of a MIDAS tableNamePO.bdf Filename of a MIDAS frame in pixel-order spaeNamePP.bdf Filename of a MIDAS frame in pixel-pixel spae
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3 Requirements and spei�ationsIn this hapter we outline the basi requirements that the data redution software (DRS) forUVES inFLAMES mode will satisfy. The DRS method and detailed implementation are desribed in subsequenthapters. Here, we also outline those instrument harateristis that are most relevant for the DRSdevelopment, as they are known at the time of release of this doument.3.1 Data redution software requisitesThrough the development of the DRS design, we have taken are that it satis�es a number of di�erentrequirements. Among the most important are:� Auray: The DRS has to be able to retrieve a redued spetrum that is as similar as possible tothe `original' input spetrum of the light falling into the telesope. To this aim, we have tried toidentify all soures of errors (e.g. noise and systemati errors), and handle them in suh a way asto minimise their impat to the end result.� Extration of maximum information ontent: the software has to be as suh as to extrat in themost through way the information ontent of the aquired data. To this aim, emphasis will be putthroughout this doument on the need for very aurate alibration data.� Reliability in automati mode: one integrated in a pipeline (under ESO responsibility), the DRSmust be able to run without human intervention. Should deviant ases our (e.g. numerialinstabilities, mismathes between at-�elds and data, unreasonably bad �ts) various quality ontrolswill be made available to the user, allowing him/her to judge if the �nal redution produts are ofa quality adequate to his/her sienti� aims.� Fast exeution speed: within its options, the DRS will ontain at least one method apable toperform a quik redution (as reliably as possible) in near real time at the telesope. This will allowthe observer to deide if the exposure just taken ful�ls his/her siene requirements, timely enoughto allow him/her to take an additional/di�erent UVES exposure.� Ease of use: the DRS is designed to be simple to use, even by the astronomer with no spei�experiene on UVES or FLAMES. Therefore, only a few free parameters will be determined bythe user, and default values for them will be provided.
FLAMES-UVES Data Redution Software Design and Arhiteture Report
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3.2 FLAMES-UVES harateristisThe FLAMES-UVES harateristis onstitute the basi assumptions (and onstraints) on whih theDRS will be developed, and their details are therefore of vital importane for our work.The FLAMES-UVES harateristis most relevant to our purposes are the following:� Only a subset of UVES Instrument Settings will be available in FLAMES mode, namely (see thedoument AD 6):{ 3 Standard Wavelength Con�gurations (red arm of UVES):� ross disperser 3 with entral wavelength 520 nm;� ross disperser 3 with entral wavelength 580 nm;� ross disperser 4 with entral wavelength 860 nm;{ 1 Standard Detetor Binning (1� 1, TBD), no nonstandard binnings.� The detetor of the red arm of UVES is a mosai of two CCDs, of size 2048�4096 pixels eah.Between the two CCDs there is a gap of width approximately equal to one spetral order.� Eah raw frame output from UVES will ontain n � 35 ehelle orders (inluding both CCDs); eahorder will ontain up to nf = 8 separate spetra (but likely nf = 6 in the blue setups), produed bythe nf �bres. In ordinary mode all of these �bres will ome in from the FLAMES positioner, buta simultaneous alibration mode is also o�ered, in whih one of the �bres will be fed by a separatealibration unit. The total number of �bres being used at the same time, and more generally theframe format, is the same both in ordinary and in simultaneous alibration mode. The total numberof spetra present on a single frame (2 CCDs) will therefore be nf � n, where the exat values of nand nf will depend on the spei� setup being used.� Thanks to e�etive light srambling along the �bres, the ross-dispersion PSF an be safely assumedto be the same for at-�eld frames and siene frames to less than 1% (see the doument AD 6).� During the FDR meeting, Andreas Kaufer reported that the stability of UVES in the diretionperpendiular to dispersion is presently a ouple of pixels at best. This depends on variations ofthe ross-disperser turntable positions due to:{ temperature variations of UVES (to be haraterised by ESO and, if at all possible, orretedin software){ the disrete step of the enoder ontrolling the ross-disperser turntable angle orresponds to0.3 pixels on the detetor, and it keeps jittering bak and forth seeking the optimal position.This jittering will possibly blur a siene exposure (� 300) in the diretion perpendiular to dis-persion. On the other hand, alibration exposures will be always very muh shorter (< 20), andjittering will be assumed to be negligible for them. In any ase, the e�et of suh small variationsof the ross-disperser turntable positions will be very aurately given by a simple, rigid shift in thediretion perpendiular to dispersion of the distribution of light on the detetor.
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� Again during the FDR meeting, Andreas Kaufer stated that FF exposures with the same setupused during the night will be taken with UVES in slit mode and be available during the dataredution. The slit length will be large enough for the exposed part of the FF frame to over allthe �bres to be used, inluding a ouple of extra pixels to allow for drift and jitter.A set of datasets obtained with test �bres have been made available, in order to estimate the atualperformane of UVES in �bre mode. The analysis of these test datasets has shown that:� UVES spetral lines are straight, namely perfetly aligned with CCD olumns. Any misalign-ment/urvature amounts to only a fration of a pixel over the entire slit width, and is about oneorder of magnitude smaller aross a �bre, in �bre mode. This width is a tiny fration of the intrinsiline width, and therefore needs not to be taken into onsideration any further, i.e. we will alwaysonsider that spetral lines run stritly parallel to CCD olumns. Doing otherwise would merelymake proedures more ompliated, with a substantially inreased error propagation, surely largerthan any nominally inreased auray of the method, that as seen an be only very marginal.While wavelength an be safely assumed to depend only on the CCD olumn within a �bre, awavelength shift an our between di�erent �bres. This will be taken into aount in the DRS.� Di�erent spetral orders are well separated, with totally negligible ross-ontamination, but in thebluer part of the spetrum (�ve bluest orders) a ontamination between extreme �bres of adjaentorders is inreasingly present.� Fibres belonging to the same spetral order are so lose together that some ontamination betweenadjaent �bres de�nitely ours, at the level of a few perent. Inter-�bre ross-ontamination,therefore, annot be onsidered negligible in the data redution strategy. The level of ontaminationas measured from test data an be assumed as an upper limit to the �nal value, sine the diameterof �nal �bres will be slightly smaller.� One spurious order di�rated by the ross-disperser is present, superimposed on the useful data,in the setup entred around 860 nm. The DRS will try to minimise its impat on the redutionproedure, as far as possible, but the user will have to be warned in advane that some wavelengthregions will be a�eted by a systemati error, limiting the ahievable S/N ratio.� The �bre bundles oming from the two plates of FLAMES enter UVES one on eah side of theentrane slit. Their entres are separated by about 400 �m from eah other, and therefore by about200 �m from the entre of the UVES entrane slit. Despite this, FF frames taken with UVES inslit mode an be used to adequately orret for the pixel to pixel variations and, for the reddestsetup, for ripples due to interferene fringes.� The normalised ross-dispersion light distribution, for any given �bre and order, varies very slowlyin the dispersion diretion and an be onsidered onstant over ranges of a few tens of pixels.� For all the setups of UVES to be used, the slope of the orders in pixel-pixel spae lies between�0.034 and �0.039. The entre of a given order will therefore move by 1 pixel in the diretionperpendiular to dispersion if one moves along the order in the dispersion diretion by 25�30 pixels.
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4 Data redution method
4.1 Standard versus optimal extrationIn order to obtain one-dimensional (1-D) spetra (intensity vs. wavelength) from two-dimensional (2-D)data arrays (as is the ase with a CCD), a method must be used that integrates the raw spetral dataalong the spatial (ross-dispersion) diretion. Two methods are ommonly used to do this task: `standard'extration and `optimal' extration.Standard extration presribes that a �xed-width window has to be hosen enompassing all (or most)of the spetrum aross the spatial diretion, and the values of all pixels omprised within this windoware summed to yield the objet spetrum at the orresponding wavelength. All onsidered pixels reeivethe same weight, exept for `partial' pixels at the window upper/lower borders. The 2-D image has to bepreviously prepared by subtrating from it the bias, dark urrent, and di�use sattered light omponents,by removing/agging CCD defets, by removing osmi-ray spots, and by at-�elding to ompensatefor pixel-to-pixel detetor non-uniformities and/or ripples due to various spurious interferene patterns.There does not exist a unique rule for presribing extration limits, and the user is usually left with arelative freedom to vary them. The sky ontribution to the extrated spetrum has to be determined ina similar way, and subtrated from the objet spetrum as a subsequent step. In general, a onsiderableamount of user (interative) intervention is needed for a omplete spetral redution.Optimal extration was initially developed by Horne (RD 3) and Robertson (RD 4), with the expliitpurpose of minimising the variane of the extrated spetra, espeially in the ase of spetral data witha low signal-to-noise ratio (SNR). It therefore ful�ls the two requirements of extrating most thoroughlythe information ontained in the raw data, and that of maximum auray in general (inluding low-SNRdata). The theoretial maximum gain in low-SNR spetra, with respet to standard extration, is about40% more SNR, that amounts to a gain in e�etive exposure time of 70% (RD 3). In other words, if aweak spetrum is extrated with optimal extration, its SNR will be the same of a spetrum extratedwith standard extration but exposed 70% longer. The raw data must be prepared for optimal extrationin the same way as for standard extration, exept that osmi rays are not removed beforehand, but inthe ourse of the extration proedure; in turn, this allows the removal of weaker osmi-ray hits. Whilenot requiring a �xed spatial window width, optimal extration requires the knowledge of the spatial,ross-dispersion pro�le of the 2-D spetrum on the CCD, as well as an aurate evaluation of pixelsvarianes. One these data are known, optimal extration proeeds pratially independent from user
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intervention, and is therefore well suited for an automated proedure. In optimal extration, the rawdata pixels orresponding to a given wavelength are linearly ombined along the spatial diretion usingweight fators, instead of being simply summed. Weights are hosen in suh a way as to minimise thevariane of the sum, on the basis of the known ross-dispersion pro�le. As shown by Horne (RD 3), theresulting linear ombination of pixels is exatly the same as when one is �tting the model ross-dispersionpro�le to the pixel data.The prie that optimal extration has to pay with respet to standard extration is a slight inrease inomputational time, that has to be evaluated in eah spei� ase; we however do not expet that this anbe a serious drawbak with present-day omputer speeds. The user has always the option to use standardextration. The standard method would yield, in most ases, inferior results to optimal extration, andtherefore the latter will be the default. One exeption is that of alibrations poorly mathed to the data:in this ase, one of the basi assumptions of the optimal extration algorithm fails, namely knowledge ofthe spatial, ross-dispersion pro�le of the 2-D spetrum on the CCD. We inlude an algorithm apableto ompensate for small, rigid drifts and (in part) jitters in the diretion perpendiular to dispersion, butthis will still fail for di�erent kinds of mismath. On the other hand, the standard extration algorithmis, to some extent, less sensitive to a mismath between alibrations and siene data, and an thus beused as a bakup solution.4.2 Slit mode versus �bre modeOne important thing to take into aount in the ase of FLAMES-UVES is that the light enters thespetrograph through optial �bres rather than through a slit plaed in the foal plane. This impliesadvantages as well as drawbaks.A �bre ollets all of the light falling within its size on the foal plane. If the seeing disk happens tobe smaller than the �bre (sky-projeted) size, the �bre will ollet all of the objet light (for a point-likeobjet). If the seeing disk happens to be larger than the �bre size, the �bre will ollet only part of theobjet light, leading to photometri inauray. This may render the FLAMES-UVES spetrographunsuitable for spetrophotometri purposes in general. In any ase, the �bre will also always ollet somesky ontribution.Beause of the large number of internal reetions within a �bre aross its length, the light arriedby a �bre will be strongly srambled, and its output light will therefore have a ross-�bre pro�le almostindependent from the light spatial pro�le at �bre entrane. Therefore, the ross-�bre output light pro�lewill be the same regardless of urrent observing onditions, and therefore it will be highly reproduible.A very small di�erene in the ross-�bre output light pro�le between siene data (i. e. soures on thesky) and alibration data (i. e. alibration lamps) may be brought about by the di�erent geometries ofthe inoming light beams. However, any di�erenes between these pro�les an be safely assumed to bebelow 1% (see the doument AD 6).This is unlike onventional `slit mode' observing, where the urrent seeing diretly a�ets the ross-dispersion pro�le width. One advantage of `slit mode' is instead the usual availability of a sky spetrumon either side of the objet spetrum. In �bre mode, on the ontrary, the sky spetrum annot be
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disentangled from the objet spetrum by examining the output of a single �bre, and its measurementrequires instead one (or more) separate �bres.Another distintive peuliarity of a �bre spetrograph suh as FLAMES-UVES is that all light thatenters the spetrograph passes through the �bres, inluding the at-�eld alibration data taken in �bremode. For the reasons outlined above, therefore, the at-�eld (FF) image will be haraterised by a lightdistribution pro�le along the ross-dispersion diretion \idential" to that of the objet spetra, �bre by�bre for eah order. However, as mentioned in setion 3.2, siene exposures may su�er from signi�antdrift and jitter of the ross-disperser turntable position. Sine to eah ross-disperser turntable positionorresponds a rigid displaement of the light distribution pro�le along the ross-dispersion diretion, withthe assumptions made in setion 3.2 the following properties apply:1. the ross-dispersion light distribution in a given siene frame is the result of a onvolution betweenthe ross-dispersion light distribution in the FF alibration frame taken in �bre mode and thedistribution of rigid shifts in the diretion perpendiular to dispersion orresponding to the historyof drifts and jitters during the siene exposure;2. a small (�1 pixel) rigid shift in the diretion perpendiular to dispersion of a at-�eld alibrationframe taken in �bre an, for a given order, be aurately obtained by applying a orresponding shiftin the dispersion diretion, applying suitable normalisation oeÆients. In this way, if only integershifts in the dispersion diretion are used, shifts in the perpendiular diretion an be obtained withan auray of �0.039 pixels.These requirements are yet to be on�rmed, as the impat of a mismath between FF frames andsiene frames on the auray of the data redution proedures will depend on the shape of the ross-dispersion light distribution and on the ross-talk between adjaent �bres in the �nal setup. The above�gures were derived from numerial simulations with pro�les and �bre separations similar to those inFLAMES-UVES test data (Setion 8). To date, it is still TBD whether suh strit stability requirementsin the ross-dispersion diretion will be met by UVES (see setion 3.2 and doument AD 12).In what follows, we will take for granted that FLAMES-UVES FF images will math very losely(within the limits de�ned above) in every detail the spatial distribution of deteted signal on the CCD,that will be measured for atual objets in the sky. This property of FF di�ers from the usual ase,where the FF spatial pro�le is substantially smoother (atter) than the objet spatial pro�le; in thislatter ase, the FF is meant to reet mainly the pixel-to-pixel sensitivity variations aross the CCD hipand spurious interferene fringes, if present. In our ase, we have a more omplex situation:� we have two di�erent kinds of FF images, namely FF images taken with UVES in slit mode andFF images taken with UVES in �bre mode;� more omponents are to be identi�ed in the FF images, some showing up in both kinds of FFimages, some only in the ones in �bre mode:1. as before, a high-spatial-frequeny pixel-to-pixel sensitivity variation omponent (both slit and�bre mode);
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2. a mid-frequeny omponent desribing the �bre ross-dispersion pro�le (only �bre mode)3. another mid-frequeny omponent, evident in the setup entred around 860 nm and mostlynegligible in the others, due to spurious interferene fringes (both slit and �bre mode);4. a low-frequeny omponent desribing longer-sale e�ets suh as blaze funtion, possible vi-gnetting, et. (both slit and �bre mode);5. a omponent desribing the di�erene in throughput among di�erent �bres (only �bre mode).We will assume throughout that FF images will have a SNR per pixel so high that any pixel-to-pixelvariation in the FF image atually reet a true sensitivity variation. Also, ombining the objet datawith the FF has to introdue the least possible error in the alulation, whih an be done only if the FFhas negligible relative error in any pixel.In the FLAMES-UVES system, the �bres are plaed at short distanes from one another on theUVES entrane slit, and it turns out that their light distributions partially overlap. The importaneof this e�et has still to be quantitatively assessed in a de�nitive way for the �nal �bres, but has beenestimated to be of the order of a few perent if the uxes fed into the adjaent �bres are similar. Thus,in the ase of two low-SNR spetra reorded in two adjaent �bres this small ross-ontamination maynot onstitute a problem. It indeed does, instead, if two high-SNR spetra are being reorded in adjaent�bres, and even worse if the two �bres ontain one a high-SNR spetrum and the other a muh weaker one.In this latter ase, the relative ontamination of the weaker spetrum by the stronger one may even reahor exeed 100%. Therefore, the DRS will inlude a method to deonvolve partially ross-ontaminatedspetra to reover the `true' individual spetra.4.3 Redution strategiesUsing available alibration data, espeially at-�eld frames, it would be of advantage to perform a pre-proessing of alibration frames before the start of siene observations. Suh a pre-proessing wouldinlude e.g. the de�nition of spetral orders, and the modelling of light distribution on the FF images (asexplained in the next setions), thus sparing potentially a onsiderable amount of proessing time duringthe night.4.3.1 Optimal extrationFor optimal extration the observed data will be �tted with a model, derived using FF data mathinglosely the siene exposure.Preliminary steps to light-distribution �tting are:� subtration of bias and dark urrent images;� seletion of the illuminated regions on the image, order by order;
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� onstrution of a (logial) mask ontaining ags for dead/hot pixels or other bad CCD features;� �tting of di�use/sattered light in non-illuminated regions, and its subtration from the wholeimage;� division of the resulting image by the (preliminary bias-subtrated) slit mode FF frame;� onstrution of a `variane image' for the image hereby obtained, inluding propagated ontributionsfrom all above steps.One these steps are ompleted, a model must be individuated that desribes the light distribution asimaged by the CCD detetor. Suh a model must inlude, for eah order and at eah position along thedispersion oordinate, a fator desribing the variation of illumination along the ross-dispersion diretion,times a fator desribing the larger-sale illumination pattern on the CCD, times a fator desribing thethroughput of individual �bres (pixel-to-pixel sensitivity variations are anelled after division by theslit-mode at �eld).From the disussion in setion 4.2 it turns out that suh a model is losely related to the at-�eldimage itself. In fat, as a �rst approximation the FF image desribes where �bres belonging to a givenorder are loated, their widths and pro�les, and their long-range behaviour and �bre throughput. Thisapproah is a rather \diret" one, and therefore preferable to an empirial/analytial model based on theFF image itself. If the UVES instrument were stritly stable (no thermal/pressure drifts, no jitter duringlong exposures) the orrespondene between FF and siene frames would be an exat one, and the FFimages would provide an extremely detailed of the illumination pattern in the siene frames. Sine driftsand jitters are however present, to a non-negligible extent, we annot use suh a straightforward approah,of using the FF illumination pattern \as is" to desribe that in the siene frame, but we must transformthe available FF frames to reprodue, or \mimi", as losely as possible, the light distribution in thesiene frames. The atual inauraies, propagated through the data redution proedure, arising froma mismath between FF and siene data, as estimated from UVES test data taken with experimental�bres, are desribed in setion 8. The simulations and tests desribed in that setion also allow us toknow how aurate our FF \reonstrution" has to be, in order to produe good and reliable end results.Atually, sine as desribed in setion 4.2 we have to �t a (partial) superposition of independent�bres, the model we are going to �t to the data annot be a single pro�le given by the reonstruted FFimage at the given order loation and wavelength pixel. Instead, we need one FF image per eah �bre,to be obtained from a set of FF frames una�eted by ross-�bre ontamination (see setion 4.4). We willindiate the FF image relative to �bre n as FFn (the FF image for �bre n, but divided by the slit-modeFF will be indiated as FF0n, while the reonstruted FF image for �bre n will be indiated as FF00n).As explained in more detail in setion 5.5, to reonstrut the FF00n at-�elds from the input FF0nat-�elds, we need to know the (time-integrated) distribution of drifts that have ourred during thesiene exposure. One robust method to derive this drift distribution from the siene data itself is toompute a orrelation funtion between the siene frame and the input FF' frames, one order at a time.In doing so, we take advantage of the small slope of the light distribution for eah order, as imaged bythe CCD. Under these irumstanes, even a very small shift aross dispersion (e.g. 0.05 pix) may bemimiked by a shift by an integer number of pixels along dispersion. Therefore, we ompute a orrelation
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funtion by shifting the input FF' relative to the siene image along dispersion, and integrating overone whole order, and the resulting orrelation funtion will peak at the (average) drift between inputFF' and siene frame. If a substantial jitter is also present during the siene exposure, it will also bereeted in a broadening of the same orrelation funtion. We eventually obtain the reonstruted FF00nframes by shifting the input FF0n frames by a suitable number of pixels along dispersion, as ditated bythe orrelation funtion peak (order by order). If a non-negligible jitter is also present, we will use insteada linear ombination of shifted FF0n frames to get the desired single-�bre FF00n frames.For eah order and wavelength pixel, therefore, we will �t the data with a linear ombination ofthe eight funtions FF00n. The parameters to be �t are only the normalisation onstants of these eightfuntions, and eah normalisation onstant is the sought spetral intensity at the given wavelength pixel.The problem therefore is simply to perform an eight-parameter linear �t, involving a step of matrixinversion that an be straightforwardly solved using standard tehniques (e. g. Gauss-Jordan elimination).In this way the deonvolution of the ontamination between adjaent �bres is automatially made: wereit not for this e�et, we would not have to do one eight-parameter linear �t, but eight one-parameterlinear �ts, independently from one another. The eight-parameter �t reets therefore that we are atuallytaking into aount the ross-ontamination between �bres.For eah order and wavelength pixel, the pro�le �tting will be iterated, eah time rejeting only thepixel that deviates most from the model, only if its deviation exeeds a spei�ed number of times thestandard deviation of that pixel (standard sigma-lipping). Suh a threshold will have to be arefullyseleted on the basis of the expeted stability with whih the ross-dispersion light pro�le given by the FFimage mathes that of siene frames. In very high S/N siene exposures, even a very slight mismath,too small to have a signi�ant impat on the quality of the resulting data, may produe a deviation ofa few standard deviations in good pixels. The threshold for rejetion must be aordingly tuned notto rejet suh pixels. The threshold will be taken from a MIDAS keyword whose default value will bedeided at ommissioning time, based on real data.After eah rejetion, the expeted pixel varianes are reomputed on the basis of the best-�t model(rather than diretly from the data, Horne RD 3). The �t is then repeated, a further rejetion is made,and so on until no more pixels are rejeted. This allows to remove osmi rays that pollute the observeddata. This step is ruially sensitive to mismathes between the FF and siene frame, whih may ausea large number of spurious pixel rejetions and a wrong estimate (and elimination) of the ross-�breontamination.One this step is done, we will have for eah order and wavelength pixel a set of eight spetral intensityparameters, that onstitute diretly the spetra we are searhing for, with all orretions applied.There is one possible exeption to this: depending on their plaement on the foal plane, and onthe position of the guide star hosen, some of the �bres may be partially vignetted. Moreover, �brethroughputs are slightly dependent on exures, so that their ratios may be somewhat di�erent fromthose derived (and orreted for) from FF frames in the afternoon. These e�ets will be essentiallywavelength independent, and will therefore translate in a di�erent attenuation fator for eah �bre inthat exposure. This will obviously result in photometri inauray. If an auray better than 2% inrelative uxes is required, Nasmyth sreen alibrations will need to be used (see the de�nition of templatesin doument AD 8).
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The last step to be done is wavelength alibration. Wavelength alibration frames will be redued inthe same way as objet �bres, in order to obtain a separate wavelength alibration spetrum for eah�bre. Eah of these spetra will then follow a pretty onventional route to obtain a separate wavelengthdispersion relation for eah �bre. This part will be made as automati as possible, taking advantageof the small number of o�ered instrument setups and its stability. We will adapt the existing UVESontext with a minimum of modi�ations.Sine no sky subtration is possible with the given setup, as disussed in setion 4.2, if needed itshould be done post fato, namely devoting some �bre(s) to sky measurement, reduing it in the sameway as objet �bres, and subtrating the sky spetrum from the objet spetra at the very end, afterwavelength alibration. Unless di�erent �bres are vignetted in di�erent ways on the foal plane, sine theextrated spetra are already orreted for di�erent �bre throughput, the sky spetrum an be simplysubtrated \as it is" from the objet spetra. If, instead, there is indeed di�erential vignetting, a relativeorretion fator will have to be estimated. This is straightforward to obtain automatially if a mathingNasmyth sreen alibration frame has been taken. Otherwise it will have to be estimated o�-line withhuman intervention, by iteratively mathing the intensity of sky emission lines. This relative orretionfator might be used to restore, to some extent, the photometri auray of attenuated �bres (TBC atommissioning time).4.3.2 Standard extrationIn ontrast to optimal extration, standard extration is oneptually simpler, may be more robust (no�t has to onverge), but is in priniple less aurate for low-SNR spetra. Preliminary steps to it are:1. subtration of bias, dark urrent images;2. the de�nition of the regions (in the FF frames) oupied by eah �bre for eah order (not just theregion for eah order);3. removal (agging) of osmi-ray hits from the siene frame, that unlike optimal extration annotbe done during extration itself;4. onstrution of a (logial) mask ontaining ags for dead/hot pixels or other bad CCD features;5. �tting of di�use/sattered light in non-illuminated regions, and its subtration from the wholeimage.6. division of the resulting image by the (preliminary bias-subtrated) slit mode FF frame;Steps 1, 4, 5 and 6 are ommon to both standard and optimal extration, while steps 2 and 3 are peuliarto standard extration. Step 3 must be performed either by the standard tehnique of staking multipleexposures or by some sort of ad-ho �ltering (TBD).A ross-dispersion window width w has to be hosen, that will determine the region used for extration,for eah position along the dispersion diretion. A default (and maximum) value for w will be the inter-�bre separation itself, but the user will be allowed to use a smaller w if he/she wants. Pixels agged as
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defets or osmi rays will be inluded neither in the extration of the spetra, nor in the extration ofthe at-�eld, so that this e�et anels out in the �nal, at-�elded redued spetra. Depending on thevalue of w, there will be a more or less pronouned ross-�bre ontamination, that the algorithm hasto deonvolve. The amount of ontamination is derived by applying the same extration to the single-�bre at-�eld frames FF00n, and examining the `ross-�bre' terms with respet to `diagonal' terms. As inoptimal extration, a linear system of equations has to be therefore inverted in order to derive the `true'ontribution to eah wavelength pixel for eah �bre. Unlike optimal extration, however, this is not partof a �tting proess, and the user has no automati feedbak (quality ontrol) on the good funtioningof the proedure. For the same reason, there are no iterations, but a single-step alulation. We shouldremark that standard extration may be inaurate in suh ases as the presene of low-level osmi rayevents, that may have esaped the preliminary leaning, or bad detetor pixels not known in advaneof redution. We also remark that our standard extration (whih inludes �bre deonvolution) has toompensate drift and jitter in the siene exposure just as the optimal extration, to produe aurateresults. In partiular, drift and jitter have two separate e�ets:� The drift produes an average shift in the ross-dispersion diretion between the FFn and thesiene frame to be redued. This, if unorreted, would have the e�et of entring the integrationwindows in the wrong plae. The simplest way to orret this is to estimate this ross-dispersiondisplaement, apply the appropriate o�set to the integration windows on the siene frame, omputean appropriately \shifted" FFn and use the latter to redue the siene frame.� The jitter \blurs" the ross-dispersion PSF on the siene frames with respet to that in the FFn,thereby inreasing the inter-�bre ontamination aordingly. This, if unorreted, leads to aninadequate subtration of the ontamination fration from the spetra of neighbouring �bres. Toorret this, on must estimate the jitter in the siene frame, ompute an appropriately shifted and\blurred" FF00n and use the latter to redue the siene frame.The only advantage of the standard extration is that it an be made less sensitive to jitter reduing theintegration window w: in this way one disards the parts of the frame in whih there is a larger inter-�breontamination, hene reduing the impat of wrongly orreting it, at the expense of a onsiderable lossof signal. During the redution, the fration of light that is disarded due to the hoie of a small w isestimated, as well as its impat on the S/N ratio. Moreover, it must also be kept in mind that the hoieof a w substantially smaller than the ross-dispersion pro�le of a �bre may result in ripples aused bythe disrete pixelisation; for them to anel out with those resulting from the extration of the FF image,the ross-dispersion PSF in the siene frame must aurately math that of the \adjusted" FFn usedto redue it. While aurately estimating the average drift in a siene frame is relatively trivial, theapability of the DRS to aurately estimate the jitter, and hene its e�etivity at ompensating for it,will depend on the atual typial jitter patterns in UVES. This will have to be assessed on real data takenwith the instrument in its �nal on�guration. One the atual impat on the quality of the extratedspetra of the mismath between siene and alibration frames will be known, it will be possible todeide if and when re-alibration should be reommended.Eventually, wavelength alibration and sky subtration are done, with no di�erene with respet tothe `optimal' ase.
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4.4 Required alibration dataAording to ESO spei�ations, the alibration sequene will be arried out during instrument setup(in the afternoon) and not ordinarily during the night.Speial requirements that may diretly inrease the amount of time required to assemble all neededalibration data will have therefore no impat on observing eÆieny during night time, and therefore donot onstitute a serious drawbak.The following frames will be used by the DRS, in addition to the siene frame (SF) to be redued:� at �eld frames taken both in slit and �bre mode (FF);� wavelength alibration frames (WF);� bias and dark urrent frames.All of these alibration frames will be taken in repeated exposures, in a suÆient number to allowremoval of osmi ray hits (using the usual staking/median �ltering tehniques), and to obtain, at leastfor FF frames, a very high SNR, whose importane has been stressed in setion 4.2. In the following wewill assume that bias and dark urrent frames will have been subtrated as a very starting step from allother frames, namely image data, FF and wavelength alibration frames. As a seond preliminary step onimage data, FF and wavelength alibration frames, sattered light will be estimated from the inter-orderregions and subtrated. As a third preliminary step, all frames taken in �bre mode will be divided bythe FF frame taken in slit mode. This step will e�etively remove pixel to pixel sensitivity variationsand spurious interferene fringes. As a onsequene, the parts of the frames whih are not adequatelyilluminated in the FF image in slit mode will not be used in the subsequent redution.As explained in setion 4.3.1, the FF data needed for our spetral redution proedure is not a singleframe per data image (or per night), but rather a set of 8 single-�bre FF frames. Sine ross-ontaminationours only between adjaent �bres, a single-�bre FF may be extrated from a FF in whih only odd-numbered or even-numbered �bres are illuminated. Thus we de�ne FFodd = FF1+FF3+FF5+FF7, andFFeven = FF2 + FF4 + FF6 + FF8. In this way, for a most omplete and aurate data redution, weneed two FF frames (FFodd and FFeven) instead of one. It is important that FFodd and FFeven be takenboth with the same exposure time and alibration lamp ux, with an auray possibly muh higher (butat very least no worse) than that of the best siene frames. As the stability of the alibration lamp islikely not good enough for this purpose, a third set of FF frames in whih all the �bres are illuminated atthe same time will be needed in order to aurately determine the relative throughput of adjaent �bres.If an auray of better than �2% in the alibration of relative throughputs is required by the user, aNasmyth sreen alibration an be used to replae this latter FF frame.To eah image (and its FF frame) a logial mask (M) will be assoiated, of the same size, whih will beused to selet pixels to be used in the subsequent proessing (good pixels), while agging/rejeting badCCD pixels not to be inluded in the alulations. For eah image we will also ompute a orresponding
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frame (V), ontaining the estimated varianes for eah pixel, that is stritly neessary for optimal ex-tration (setion 4.1). This variane image is omputed on the basis of the image data itself, and of theknowledge of the read-out noise of the CCD and its gain (onversion fator between ADUs and eletrons).The standard deviation will be propagated through every subsequent alulation.4.5 Problems and bakup solutionsAs is evident from all previous disussion, the whole proedure just desribed is ruially dependent on avery preise math between the light distribution in the \adjusted" FF00n image(s) and that in the objetspetral image. This depends on the preision with whih drift and jitter in eah siene frame an beevaluated. Although we do provide a sheme to aomplish this, it might be not preise enough for aredution sheme aimed at the most omplete reovery of the sienti� information. In partiular, as willbe seen in more detail later, while the determination of the drift is relatively straightforward, aurateand reliable, the determination of the jitter pattern an be more troublesome. While jitters smaller than�0.3 pixels, even if unorreted, seem to lead to a mild, probably aeptable degradation of the quality ofthe extrated spetra (see numerial tests in setion 8), for some purposes this might still be a problem.First, the existene of a problem has to be deteted, therefore quality ontrols (QC) are provided, and awarning will be issued to the user immediately. Seond, a deision must be taken on how to proeed insuh a ase, either by the user in o�-line mode or by the ESO pipeline/DFS in online mode.As a hek of the good funtioning of the proedure desribed in setion 4.3.1, we may straightfor-wardly take a goodness-of-�t indiator suh as �2, whose value should be reorded for eah order andwavelength pixel. If persistently bad �ts (with overall �2 larger than an assigned threshold) are enoun-tered throughout the whole spetral image, a warning will be issued by the DRS. The �2 value will beoutput anyway, to be heked by the user or the pipeline (QC #1).Alternatively, the �t may be suessful, but in order to be so it may require to disard an exeedinglylarge number of pixels (say, more than 50%, or another suitably hosen threshold), that annot uniquelybe due to osmi rays or detetor defets, but rather to a non-negligible mismath between FF andspetral image data. Even in this ase a warning will be issued. The fration of rejeted pixels will beoutput, to be heked by the user or the pipeline (QC #2).As far as remedies are onerned, the standard extration method will be used, orreting onlythe average drift and using a redued integration window w in order to minimise the impat of ross-ontamination in the resulting spetra, with all the shortomings outlined in setion 4.3.2.
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5 Data redution proedureShematially, the optimal extration proedure will run through the steps listed below (and see alsoFigure 5.1):1. Bias and dark urrent subtration from SF and FF;2. de�nition of the order/inter-order regions on the �bre mode FF frames (regions oupied by eahorder and regions between them);3. �t of sattered light in inter-order regions and a few pixels in the bluest orders where there is nointer-order spaing, and its subtration from FF and SF;4. division of all �bre mode frames by slit mode FF;5. estimation of drift and jitter in the SF;6. if neessary, repeat step 3, taking into aount the drift derived above and also onsequently repeatsteps 4 and 5;7. build \syntheti" single-�bre FF00n that mimi the drift and jitter measured in the SF;8. optimal extration of Siene and Thorium/Argon spetra with �-lipping, revised varianes, anditerations (as desribed in setions 4.1 and 4.3.1);9. determination of the dispersion relations from Thorium/Argon spetra in pixel-order spae, asobtained from the preeding step;10. rebinning of the extrated objet spetra from pixel spae to wavelength spae;11. sky spetrum subtration from �nally redued objet spetra (if requested by the user);12. order merging.These steps are desribed in detail in the following setions. Step 1 is obvious and will not be desribedfurther.Steps 1, 4, 9, 10, 11 and 12 an be performed with existing MIDAS proedures; the fat that theinstrument is �bre-fed has either no e�et on them (1, 4) or simply implies that the same, unhanged
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proedure will have to be repeatedly and separately applied to spetra belonging to di�erent �bres (9,10, 11 and 12). Step 2 will be performed with a modi�ed version of the define/hough proedure, whosealgorithm was seen to work well in simulated data, but has to made aware of the presene of multiple�bres within eah order. Steps 3, 5, 6, 7 and 8 will be performed by proedures to be written ad ho forUVES in FLAMES mode.The standard extration will instead omprise the following steps:1. Bias and dark urrent subtration from SF and FF;2. de�nition of the order/inter-order regions on the �bre mode FF frames (regions oupied by eahorder and regions between them);3. osmi-ray detetion and agging in the SF;4. �t of sattered light in inter-order regions, and its subtration from FF and SF;5. division of all �bre mode frames by slit mode FF;6. estimation of drift and jitter in the SF;7. if neessary, repeat step 4, taking into aount the drift derived above and also onsequently repeatsteps 5 and 6;8. build \syntheti" single-�bre FFs that mimi the drift and jitter deteted in the SF;9. standard extration of Siene and Thorium Argon spetra with �bre deonvolution;10. determination of the dispersion relations from Thorium/Argon spetra in pixel-order spae, asobtained from the preeding steps;11. rebinning of the extrated objet spetra from pixel spae to wavelength spae;12. sky spetrum subtration from �nally redued objet spetra (if requested by the user);13. order merging.Steps 1, 3, 4, 5, 11, 12 and 13 an be performed with existing MIDAS proedures; the fat that theinstrument is �bre-fed has either no e�et on them (1, 3, 4, 5), or implies that the same, unhangedproedure will have to be repeatedly and separately applied to spetra belonging to di�erent �bres (10,11, 12 and 13). Step 2 will be performed with a modi�ed version of the define/hough proedure, whosealgorithm was seen to work well in simulated data, but has to made aware of the presene of multiple�bres within eah order. Steps 6, 7, 8 and 9 will be performed by proedures to be written ad ho forUVES in �bre mode.An operation mode with simultaneous wavelength alibration is o�ered for high preision radial ve-loity measurements, whereby the last �bre always arries a wavelength alibration spetrum. Sine the
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Figure 5.1: Blok diagram of the overall redution strategyformat of the frame is unhanged in this operation mode with respet to the \ordinary" mode, the redu-tion will largely follow the same steps in both operation modes. The spetra an and will be extratedexatly in the same way regardless to what is fed into eah �bre. By and large, the only di�erene is
FLAMES-UVES Data Redution Software Design and Arhiteture Report



Do.: VLT-TRE-ITA-13750-0002 Issue: 2.1I-FLAMES DRS Team Unit: I-FLAMES DRS Setion: 5.0Date: November 13, 2000 Page: 26
that one of the extrated spetra is a wavelength alibration spetrum from the alibration unit. Thiswavelength alibration spetrum, taken simultaneously with the astronomial observations, will be used,before rebinning, to derive a higher order orretion for the wavelength alibration derived from thespetra taken with the wavelength alibration lamp of the FLAMES �bre positioner. This higher orderorretion an be derived in di�erent ways, and applied at di�erent stages of the data redution, andthere is no single, well de�ned and generally aepted way to do it. In partiular, some users may wantto apply the higher order orretion at the stage of rebinning to wavelength spae (e.g. as a orretion tothe dispersion relation), and will therefore want to work on the extrated spetra before rebinning. TheDRS, for this observing mode, will implement one way to derive and apply this higher order orretion.The optimal extration proedure for siene frames taken with in the simultaneous alibration ob-serving mode will run through the following steps:1. Bias and dark urrent subtration from SF and FF;2. de�nition of the order/inter-order regions on the �bre mode FF frames (regions oupied by eahorder and regions between them);3. �t of sattered light in inter-order regions and a few pixels in the bluest orders where there is nointer-order spaing, and its subtration from FF and SF;4. division of all �bre mode frames by slit mode FF;5. estimation of drift and jitter in the SF;6. if neessary, repeat step 3, taking into aount the drift derived above and also onsequently repeatsteps 4 and 5;7. build \syntheti" single-�bre FFs that mimi the drift and jitter deteted in the SF;8. optimal extration of Siene and Thorium/Argon spetra with �-lipping, revised varianes, anditerations (as desribed in setions 4.1 and 4.3.1);9. determination of the dispersion relations from all Thorium/Argon spetra in pixel-order spae, asextrated from both the wavelength alibration frame in whih the �bres are fed with the alibrationunit of the positioner and from the simultaneous alibration �bre;10. evaluation of the di�erene between the dispersion relation derived from the simultaneous alibration�bre on the SF and the one derived from the simultaneous alibration �bre on the frame with theTh/Ar lamp on all �bres; this di�erene is applied, as a orretion, to the dispersion relations ofall other �bres;11. rebinning of the extrated objet spetra from pixel spae to wavelength spae;12. sky spetrum subtration from �nally redued objet spetra (if requested by the user);13. order merging.
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Steps 1, 4, 9, 11, 12 and 13 an be performed with existing MIDAS proedures; the fat that theinstrument is �bre-fed has either no e�et on them (1, 4) or simply implies that the same, unhangedproedure will have to be repeatedly and separately applied to spetra belonging to di�erent �bres (9,11, 12 and 13). Step 2 will be performed with a modi�ed version of the define/hough proedure, whosealgorithm was seen to work well in simulated data, but has to made aware of the presene of multiple�bres within eah order. Steps 3, 5, 6, 7, 8 and 10 will be performed by proedures to be written ad hofor UVES in FLAMES mode.The standard extration proedure for siene frames taken with in the simultaneous alibrationobserving mode will run through the following steps:1. Bias and dark urrent subtration from SF and FF;2. de�nition of the order/inter-order regions on the �bre mode FF frames (regions oupied by eahorder and regions between them);3. osmi-ray detetion and agging in the SF;4. �t of sattered light in inter-order regions, and its subtration from FF and SF;5. division of all �bre mode frames by slit mode FF;6. estimation of drift and jitter in the SF;7. if neessary, repeat step 4, taking into aount the drift derived above and also onsequently repeatsteps 5 and 6;8. build \syntheti" single-�bre FFs that mimi the drift and jitter deteted in the SF;9. standard extration of Siene and Thorium Argon spetra with �bre deonvolution;10. determination of the dispersion relations from all Thorium/Argon spetra in pixel-order spae, asextrated from both the wavelength alibration frame in whih the �bres are fed with the alibrationunit of the positioner and from the simultaneous alibration �bre;11. evaluation of the di�erene between the dispersion relation derived from the simultaneous alibration�bre on the SF and the one derived from the simultaneous alibration �bre on the frame with theTh/Ar lamp on all �bres; this di�erene is applied, as a orretion, to the dispersion relations ofall other �bres;12. determination of the dispersion relations from Thorium/Argon spetra in pixel-order spae, asobtained from the preeding steps;13. rebinning of the extrated objet spetra from pixel spae to wavelength spae;14. sky spetrum subtration from �nally redued objet spetra (if requested by the user);15. order merging.

FLAMES-UVES Data Redution Software Design and Arhiteture Report



Do.: VLT-TRE-ITA-13750-0002 Issue: 2.1I-FLAMES DRS Team Unit: I-FLAMES DRS Setion: 5.1Date: November 13, 2000 Page: 28
Steps 1, 3, 4, 5, 12, 13, 14 and 15 an be performed with existing MIDAS proedures; the fat thatthe instrument is �bre-fed has either no e�et on them (1, 3, 4, 5), or implies that the same, unhangedproedure will have to be repeatedly and separately applied to spetra belonging to di�erent �bres (10,12, 13 and 14). Step 2 will be performed with a modi�ed version of the define/hough proedure, whosealgorithm was seen to work well in simulated data, but has to made aware of the presene of multiple�bres within eah order. Steps 6, 7, 8, 9 and 11 will be performed by proedures to be written ad hofor UVES in �bre mode.5.1 Order de�nitionThis step is most onveniently done in the afternoon, just after alibration data are taken, and beforeany night siene observation.In this and the following setions we will deal with images made of pixels arrays I(i; j), with i = 1; :::Nbeing the row index (varying along the y axis) and j = 1; :::M the olumn index (varying along the xaxis). The dispersion diretion runs at a small angle to the x axis, and therefore the j index also indiatesthe wavelength pixel. Within the same spetral order, indiated with m, all pixels with the same j indexshare all the same wavelength. At a given olumn j, a spetral order m is identi�ed by its lower andupper limits, namely two row numbers that we indiate as ilow and iupp.The identi�ation of the di�erent spetral orders on the spetral image frame is the �rst non-trivialtask to be performed. This is best done using the available FF frames taken in �bre mode. An existingMIDAS task suh as the define/hough, made for non-�bre ehelle spetrographs, is already able toaurately trae the all the �bres and orders present in suh a FF frame; however, as it is it does notreognise whih �bres belong to whih order. Therefore, a suitably modi�ed version of define/houghwill be used.We assume to have available the two FF frames FFodd and FFeven (de�ned in setion 4.4). On eah ofthem, �bre images are well separated, and well de�ned aross the whole image beause of the high SNR,requested for all FF images. On both of these frames, the �rst steps of define/hough are independentlyperformed, namely:� a rough approximation of the sattered bakground light is performed by heavy �ltering, andsubtrated;� the Hough transform of eah resulting frame is performed, and from it a �rst approximation of theslope and interept of all �bres present in all orders is derived;� for eah of the �bres deteted in the hough transforms the maxima are found and followed, buildinga table ontaining a list of oordinates of pixels traing eah deteted �bre.At this point, a new proedure is inserted, whih makes use of the approximate order de�nition previouslyderived from the format/uves proedure to label the lists of points in the table aording to �bre numberand order number. The oordinates of the pixels in the table thus obtained are then �tted with a bivariate
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polynomial with �xed o�sets between �bres belonging to the same order. All derived �t oeÆients arestored in a seond array C. We thus derived the �bre positions for eah order. The knowledge of �brepositions is also used to extrat from the frames FFodd and FFeven the individual-�bre FF frames, FFn.The boundaries ilow; iupp of eah order m for eah j are therefore the loation of �bre #1, minus asuitable quantity �i, and the loation of the last �bre, plus �i. The quantity �i must be hosen largeenough to inlude the wings of the light distribution of the �bres, but small enough not to inlude lightoming from neighbouring orders. Its �nal value will be �xed from the analysis of the �bre-fed UVESommissioning data.Between the image regions oupied by the various orders, just identi�ed, there will remain regionswhere the only measured signal is due to di�use, sattered light within the spetrograph. The de�nition oforder boundaries, therefore, implies also a de�nition of the (omplementary) regions where the satteredlight ontribution has to be extrated. In order to have a better sampling of these latter regions, thequantity �i just de�ned should be kept as small as possible, still within the onstraints already stated.As a last step, two more boundaries islitlow; islitupp (distint from the ones de�ned above) of eah order mfor eah j need to be derived, de�ning the parts of the detetor illuminated in the slit mode FF frames.For eah olumn and order, the median of the �30 (to be tuned) pixels around the entre of the order isalulated, a threshold set at about half the obtained value and the well illuminated region around theentre of the order above the latter threshold is thus seleted. In the atual spetral extration, only thisseleted region of all frames will be used.As a onlusion, at the end of this stage we will have ompletely identi�ed all regions in the FF frameswhere the individual spetral orders are found, �bre by �bre, as well as the region between the variousorders where only sattered light is supposed to be present.5.2 Subtration of sattered lightAll pixels (or a uniformly-spaed subset) in the inter-order regions are �tted with a bivariate polynomialof seond/third order in i and j, meant to reprodue the slowly-varying sattered light ontribution. Thisis done both on siene frame and �bre mode FF, separately, and the model �t is then subtrated fromthe respetive images. The �t in itself is linear in all parameters, and presents no speial diÆulties atall. However, UVES data in FLAMES mode will have no inter-order spae in the bluest orders. Thisresults in two problems:1. A ross-dispersion drift of a ouple of pixels between the FF frame and the siene frame mayause the wings of the bluest orders to ontaminate the seleted inter-order spae. If one is not veryonservative in the hoie of the inter-order positions, this results in a systemati overestimate of thebakground; on the other hand, if one is onservative in the hoie of the inter-order positions, therewill be no usable inter-order spae in a large part of the frames, in whih the bakground annotbe sampled in the onventional way. Sine the drift is atually estimated later, the workaroundis to �t the bakground two times: �rst before drift estimation, then (if neessary) again, usingthe atual inter-order spae, taking into aount the estimated drift and hene avoiding systemationtamination.
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2. Anyway, even with a two pass approah as desribed above, a onventional bakground �tting anbe performed only on the available inter-order spae (i. e. none in the bluest orders) and then mustbe extrapolated.Alternatively, a more omplex bakground �tting method has to be used, whih has to simultaneously�t both the bakground and the spetra in seleted loations in the bluest orders. Suh an extendedbakground �t is only possible and will only be provided for optimal extration.5.3 Division by slit mode Flat Field frameAll the frames taken in �bre mode are, at this stage, divided by the slit mode Flat Field frame. The newat �eld frames thus obtained will be heneforth indiated as F0n.5.4 Single �bre F0n onstrution and leaningThe frames F0n obtained with the division of the single �bre Fn by the slit mode Flat Field frame FFslitreet, apart from a normalisation fator Nn(j;m), only the ross-dispersion PSF, sine the pixel to pixelsensitivity variations and (if present) spurious interferene fringes have been divided away. We may thuswrite: F0n(i; j) = Nn(j;m)PSFn(i; j;m): (5.1)For a given order m and �bre n, the shape of the PSF is assumed to vary very slowly with j, while itsentre of gravity is a known funtion, whih an be loally represented as a straight line and has a smallslope s(m) � di=dj (<0.039), essentially dependent only on m and only very weakly on j. Therefore, ifwe want to mimi a small shift in the ross-dispersion diretion, of order Æi � 0:1 pixels, in the F0n, wemay get a very good approximation in the following way:F0n(i; j; Æi) ' Nn(j;m)PSFn(i; j + Æj;m); (5.2)with Æj ' Æis(m) .As a �rst use of equation 5.2 we note that, for Æj = � 1s(m) we have Æi = �1, resulting inF0n(i� 1; j) ' Nn(j;m)PSFn(i; j � 1s(m) ;m); (5.3)and this will be used to �ll the holes in F0n due to bad pixels: missing/bad values will be replaed by theones taken at a properly shifted i and j, aording to equation 5.3.
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5.5 Determination of drift and jitter in the siene frameAs explained in setion 3.2, the instability in the ross-disperser position results in rigid shifts of theillumination pattern on the detetor in the diretion perpendiular to dispersion. Therefore, the illumi-nation pattern is not simply proportional to the single �bre at �eld frames, but instead is proportionalto a onvolution of the latter with a funtion g(Æi) reeting the history of drift and jitter during thegiven siene frame. Of ourse, g(Æi) will generally be di�erent for every siene frame.As outlined in setion 4.3.1, the basi shape of the drift/jitter funtion g(Æi) an be derived from astudy of the orrelation funtion between the siene frame and the FF' frame (sum of single-�bre FF0n,provided that there is no drift between FFodd and FFeven, or that this drift has been already orretedfor). Taking advantage of the non-zero slope s(m), we may relate a shift Æi with a shift Æj, and writeg(Æi) = g(s(m)Æj) = g0(Æj) (5.4)Sine a shift Æi � 0:05 pix aross dispersion orresponds roughly to a shift Æj � 1 pix along dispersion,and this latter is easily appliable, it is lear that the funtion g0(Æj) is muh more easily omputed thang(Æi). To ompute g0(Æj), we �rst note that the orrelation funtion reahes a maximum value for a shiftalong j (dispersion diretion) suh that the siene frame resembles most losely the shifted FF frame,while has a minimum value when siene frame and shifted FF are out of phase (�bre enters in thesiene frame oinide with inter-�bre minima in the FF). In formulae, de�ning the orrelation funtionfor order m as Cm(Æj), and the domain oupied by order m as Am:Cm(Æj) = Xi;j2AmXn F0n(i; j; Æj)S(i; j) (5.5)(here, S(i,j) is the siene frame). The funtion Cm(Æj) is omputed using a large number of pixels,and is in general very aurately known; therefore, the loation of its maximum is very well de�ned,yielding an average drift Æj0 (and a orresponding ross-dispersion drift Æi0 = s(m)Æj0), where the driftdistribution g0(Æj) will peak. As a �rst approximation for g0(Æj) we take therefore a simple Dira deltafuntion Æ(Æj � Æj0). As a further step, the drift distribution around its average value Æi0 gives rise toa broadening of the maximum of the orrelation funtion Cm(Æj), and one may try to deonvolve thisbroadening to obtain the detailed shape of g0(Æj). However, for a distribution g(Æi) not wider than 0.6-1.0pixels (aross dispersion), this broadening is very small, and its deonvolution may be di�ult. Moreover,tests using detailed simulations, desribed in setion 8 show that a broadening of this amount in Æidoes not a�et appreiably the extration proedure (even optimal extration that is most sensible tomismathes). Therefore, for the purpose of our redution proedure, representing g(Æi) as a delta funtionentered on Æi0 is enough, as long as the jitter during one exposure does not exeed an amplitude of 0.6-1.0 pixels (aross dispersion). If ommissioning data will show that these limits are exeeded, a slightlyre�ned (tabular) representation for g(Æi) may beome neessary, inluding non-zero ontributions at shiftsÆj in a neighborhood of Æj0.
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5.6 Constrution of the illumination modelIn order to extrat the spetra for a siene frame, we have to onstrut a \syntheti" single �bre at�eld frame sharing the same onvolution with g0(Æj), i. e.F00n(i; j) = Z F0n(i; j; Æj)g0(Æj)d(Æj); (5.6)where F0n(i; j; Æj) is alulated aording to equation 5.2. This integral is evaluated by a disrete sum overa grid with the same resolution of the tabular representation of g0(Æj) derived in the preeding setion.5.7 Single spetra extration with �bre deonvolution5.7.1 Optimal extrationAfter having seleted the region oupied by eah order m on the FF and siene frame, we then performthe spetrum extration proper, using an optimal extration method, for all eight �bres simultaneously.Sine wavelength is stritly onstant along a olumn j (for a given orderm and �bre n), spetral extrationis done independently for eah olumn j. The problem is therefore deoupled in a series of separateextrations, one for eah value of j and m. Optimal extration then amounts to �t the ross-dispersionpro�le of the siene frame, S(i; j), with a linear superposition of \adjusted" single-�bre at-�eld pro�les,F00n(i; j). The �t is made for a �xed j, and i 2 [ilow; iupp℄ (ilow and iupp are dependent on j and m). Thevalue of the �2 statistis is: �2 = iuppXi=ilowM(i; j) (S(i; j)�P8n=1 nF 00n (i; j))2V (i; j) : (5.7)Here, M(i; j) is the mask frame, whose value is 1 for aepted pixels, and 0 for pixels to be exludedfrom the omputation (e.g. bad pixels). V (i; j) is the variane image, namely an array whose pixelsontain the omputed varianes of the siene frame pixels and FF frames; the n are the normalisationoeÆients to be �tted, namely the extrated spetrum for eah �bre n (and order m and wavelengthpixel j). By minimising �2 we get:��2�k = 0 = �2 iuppXi=ilowM(i; j)S(i; j)�P8n=1 nF 00n (i; j)V (i; j) F 00k (i; j): (5.8)De�ning bk = iuppXi=ilowM(i; j)S(i; j)F 00k (i; j)V (i; j) (5.9)
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and akn = iuppXi=ilowM(i; j)F 00k (i; j)F 00n (i; j)V (i; j) ; (5.10)the above equation redues to the simple linear system8Xn=1 nank = bk (5.11)that is easily solved for the unknowns n, for eah j andm. If it turns out to be numerially onvenient,allowing a faster omputation, we might use inversion methods spei�ally suited for tri-diagonal matries,as is akn (sine akn 6= 0 only if �1 < k � n < 1; this is lear from its de�nition, sine non-adjaent �breshave non-overlapping light distributions).The siene frame will undoubtedly also be a�eted by osmi ray hits, ausing a spuriously large signalin many small spots, eah a few pixels aross. This strong, loalised signal enhanement superimposedon an otherwise smooth ross-�bre pro�le will ause one or more pixels to deviate badly from the best-�tmodel pro�le, loally yielding a large ontribution to the total �2, say �2(i). For eah j,m, the pixel(i; j) having the maximum value of �2(i) is therefore rejeted if �2(i) > �2lip, where �lip is a onstant,whose value is hosen by the user (o�-line mode) or the ESO pipeline (online mode). While �lip = 5 isusually a good default value, a hoie will have to be based on real ommissioning data taken with theinstrument in its �nal on�guration. We then set M(i; j) = 0 for that pixel, and repeat the �t using theredued set of pixels. Having done so, we have a best-�t model for the whole siene frame. Now theexpeted varianes V (i; j) are reomputed, on the basis of the best-�t model rather than from the datathemselves, as it was at the beginning (Horne RD 3). This is iterated until no more pixels are rejeted.This ompletes the extration of the spetra, for all orders, inluding �bre deonvolution and orretionfor di�erent throughputs of the �bres.5.7.2 Standard extrationAs explained, standard extration requires an additional preliminary step not needed by optimal extra-tion: osmi ray rejetion. Cosmi ray rejetion may be made using existing routines and we will notdeal with it further here.One �xed the extration width w, for eah order m and eah wavelength pixel j the ontribution ofa given �bre n will be extrated in an interval of ross-dispersion pixels [ilow(n); iupp(n)℄ (this intervalmay inlude `partial' or `frational' pixels), and the extrated spetrum on will therefore be (for �bre n,wavelength pixel j and order m):0n = iupp(n)Xi=ilow(n)M(i; j)S(i; j) = 8Xn0=1 n0 iupp(n)Xi=ilow(n)M(i; j)F 00n0(i; j) (5.12)
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where the last passage arises by expanding S(i; j) as a sum of ontributions of all �bres, weighted bythe `true' spetra n. Therefore we may writeA(n; n0) = iupp(n)Xi=ilow(n)M(i; j)F 00n0(i; j) (5.13)and 0n = 8Xn0=1A(n; n0)n0 : (5.14)It is therefore lear that we have to invert the matrix A(n; n0) (one for eah j and m) in order toobtain the true spetra n from the observed ones on. The matrix A(n; n0) will be di�erent for di�erentvalues of w sine the limits (ilow(n); iupp(n)) hange with w.We remark that the resulting spetra are already properly at-�elded: the A(n; n0) matrix ontainsthe single �bre at �elds and the spetra n are obtained multiplying the unorreted on by the inversematrix of A(n; n0), thereby also dividing them by the appropriate at �eld.5.8 Wavelength alibrationFrom the instrument spei�ations listed in setion 3.2, it turns out that in UVES images spetral linesare perfetly aligned with the CCD olumns (y diretion). Therefore, for a given order m and �bre n,wavelength depends only on the x pixel oordinate. This justi�es the optimal extration proedure asdesribed in the last setion, without the need to interpolate between adjaent j pixels to orretly sumonly pixels at the same wavelength. The onsequene of all this is that wavelength alibration an bedone orretly at the end of spetrum extration proper. At this stage, the spetra are stored in 2Dframes in pixel-order spae, one frame for eah �bre. A separate, independent wavelength alibration willbe performed for eah �bre. This will just require existing MIDAS UVES proedures to loop over �bres.5.8.1 Simultaneous wavelength alibrationIn simultaneous wavelength alibration mode, the last �bre will always arry a Th/Ar spetrum. Inpartiular, this will be present both in the wavelength alibration frame (in whih all the other �bres arefed with the Th/Ar lamp on the positioner) and in every given siene frame. This will result, for thesimultaneous alibration �bre, in a dispersion relation for the wavelength alibration frame and a slightlyshifted one for eah siene frame. Sine the dispersion relation is omputed as a polynomial, this shifttranslates simply in a di�erene in the oeÆients of the polynomials. This di�erene is omputed andthen applied, as a orretion, to the dispersion relations of all the other �bres. These orreted dispersionrelations are then used to rebin the siene spetra.
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5.9 Order mergingThe suite of all previous steps will have produed at this point alibrated, one-dimensional spetra thatare ompletely equivalent to those that an be obtained by UVES in normal mode, and may thereforebe treated using available routines (even those already present in the ehelle ontext of MIDAS), withlittle or no modi�ation needed.The spetral setions oming from di�erent �bres but pertaining to the same wavelength range (sinethere is some wavelength overlap among at least some of the orders) will be averaged at this stage. Theaverage is straightforward sine both spetral setions in an overlapping wavelength range have beenredued keeping the orret (relative) normalisation. This is due to the fat that the FF frames used inthe ourse of optimal extration inlude of ourse all long-range e�ets (suh as variations in the blazefuntion) that make the reorded intensity on the CCD to vary even signi�antly from one order to thenext, espeially in the outer regions of the CCD.5.10 Sky subtrationIf it is deemed important, one of the �bres may be used to reord the sky bakground spetrum, at theuser's hoie. As the desribed optimal extration proedure yields redued spetra already orretedfor di�erenes in throughputs among di�erent �bres, the spetrum extrated from the `sky' �bre anbe plainly subtrated from the objet spetra oming from the other �bres, provided that there is nodi�erential attenuation (see setion 4.3.1). This operation an be performed at the end of the redutionproess.
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6 Detailed operative strategiesFLAMES Data Redution Software will provide a few reipes in order to maximise the informationextration from UVES FLAMES data. The two following tables desribe in a synopti (setion 6.1) andan extended (setion 6.2 and 6.3) form the shemes, standard and optimal, of the DRS implementation.Short table in setion 6.1 also provides a quik look of where the standard and optimal sequenes atuallydi�er and where they don't.The tables' ontents take advantage of the UVES environment of MIDAS, as desribed in the UVESUser Guide. Optimal and standard extration redution sequenes are presented as separate tables, whereinputs and outputs are detailed. A short legenda of the used nomenlature inludes:� the keyword \MIDAS" means that an existing MIDAS proedure ful�ls our needs,� \Mod. MIDAS" means that a slightly modi�ed existing MIDAS proedure is used,� \NEW" means that a brand new proedure has to be implemented in order to deal with that stageof the data ow.� the origin of eah input is indiated in square brakets.� wherever a siene frame or any data struture derived from a siene frame is mentioned, itis impliitly intended that a frame or data struture with exatly the same size, ontaining theestimated variane of eah of its pixels, is assoiated to it, both in input and in output.
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6.1 Synopti view of the DRS implementationStage Operation name Steps in Standard Steps in Optimal1 Calibration and SieneFrames Preproessing � 1.1� 1.22 Orders De�nition � 2.1� 2.2

3 Single �bre Flat Field on-strution
� 3.1� 3.2� 3.3� 3.4� 3.5� 3.6� 3.7� 3.8� 3.9� 3.10� 3.11� 3.12

� 3.8� 3.9� 3.10� 3.11
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Stage Operation name Steps in Standard Steps in Optimal

4 Spetra extration
� 4.1� 4.2� 4.3� 4.4� 4.5� 4.6� 4.7� 4.8

� 4.1� 4.2� 4.3� 4.4� 4.5� 4.6
5 Wavelength alibrationand rebinning � 5.1� 5.2� 5.36 Sky subtration � 6.17 Order Merging � 7.1

FLAMES-UVES Data Redution Software Design and Arhiteture Report



Do.: VLT-TRE-ITA-13750-0002 Issue: 2.1I-FLAMES DRS Team Unit: I-FLAMES DRS Setion: 6.2Date: November 13, 2000 Page: 39
6.2 Standard extrationStage Input Operation Output Pro.

1.1
� raw Bias frame(s)[alibrations℄� raw Dark CurrentFrame [alibrations℄� raw even-�bres FlatField frame(s) [ali-brations℄� raw odd-�bres FlatField frame(s) [ali-brations℄� raw all-�bres FlatField frame(s) [ali-brations℄� raw full slit FlatField frame(s) [ali-brations℄

Constrution of masterBias, Dark Current andFlat Field frames, leanedfrom osmi ray hits
� (master) Bias frame[out1.1℄� (master) Dark Cur-rent frame [out1.1℄� (leaned) even-�bres Flat Fieldframe [out1.1℄� (leaned) odd-�bresFlat Field Frame[out1.1℄� (leaned) all-�bresFlat Field frame[out1.1℄� (leaned) full slitFlat Field frame[out1.1℄

MIDAS
Standard extration
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Stage Input Operation Output Pro.
1.2

� Bias frame [out1.1℄� Dark Current frame[out1.1℄� raw Siene frame[observations℄� raw Th-Ar frame[alibrations℄� even-�bres FlatField frame [out1.1℄� odd-�bres Flat FieldFrame [out1.1℄� all-�bres Flat Fieldframe [out1.1℄� full slit Flat Fieldframe [out1.1℄
Subtration of the biasand dark urrent valuesfrom the Siene and ali-bration frames

� (inter.) Sieneframe [out1.2℄� (inter.) Th-Arframe [out1.2℄� (inter.) even �bresFlat Field frame[out1.2℄� (inter.) odd �bresFlat Field Frame[out1.2℄� (inter.) all �bresFlat Field frame[out1.2℄� (inter.) full slit FlatField frame [out1.2℄
MIDAS

2.1 � single �bre Th-Arframe [database℄� bad pixels Mask[database℄ Format hek � 1st guess wavelengthalibration solution[out2.1℄� 1st guess order �nd-ing [out2.1℄ UVES ontextStandard extration
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Stage Input Operation Output Pro.
2.2 � even-�bres FlatField frame [out1.2℄� odd-�bres Flat Fieldframe [out1.2℄� bad pixels Mask[database℄� 1st guess order �nd-ing [out2.1℄

De�nition of the positionsof orders and �bres on theframe
� Order-�bre Table[out2.2℄� Inter-order Table[out2.2℄� Order-�bre poly-nomial solution[out2.2℄ mod. MIDAS

3.1 � even-�bres FlatField frame [out1.2℄� odd-�bres Flat Fieldframe [out1.2℄� bad pixels Mask[database℄� Inter-order table[out2.2℄
Computation and sub-tration of the satteredlight in the even and odd-�bres Flat Field frames,by �tting a low degreepolynomial to inter-orderpositions

� (bakground sub-trated) even-�bresFlat Field frame[out3.1℄� (bakground sub-trated) odd-�bresFlat Field frame[out3.1℄ MIDAS
3.2 � (inter.) even �bresFlat Field frame[out3.1℄� (inter.) odd �bresFlat Field Frame[out3.1℄� (inter.) full slit FlatField frame [out1.2℄

Division of even and odd�bre Flat Field frames bythe full slit Flat Fieldframe � (ready) even �bresFlat Field frame[out3.2℄� (ready) odd �bresFlat Field Frame[out3.2℄ MIDAS
Standard extration
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Stage Input Operation Output Pro.
3.3 � even-�bres FlatField frame [out3.2℄� odd-�bres Flat Fieldframe [out3.2℄� Order-�bre poly-nomial solution[out2.2℄

Constrution of pre-liminary single-�breFlat Field frames, bysimple seletion of theappropriate portions ofbakground-subtratedeven and odd-�bre FlatField frame and zeroingof the rest
� n (preliminary,bakground-subtrated) single-�bre Flat Fieldframes [out3.3℄ NEW

3.4
� n (preliminary,bakground-subtrated) single-�bre Flat Fieldframes [out3.3℄� bad pixels Mask[database℄� Order-�bre poly-nomial solution[out2.2℄

Constrution of single�bre Flat Field framesleaned from hot/deadpixels � n (leaned) single-�bre Flat Fieldframes [out3.4℄ NEW
3.5 � all-�bres Flat Fieldframe [out1.2℄� bad pixels Mask[database℄� Inter-order table[out2.2℄ Preliminary omputationand subtration of thesattered light � (bakground sub-trated) all-�bresFlat Field frame[out3.5℄ MIDAS
3.6 � (bakground sub-trated) all �bresFlat Field frame[out3.5℄� (inter.) full slit FlatField frame [out1.2℄ Division of all �bre FlatField frames by the fullslit Flat Field frame � (preliminary at-�elded) all �bresFlat Field frame[out3.6℄ MIDASStandard extration
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Stage Input Operation Output Pro.
3.7

� (preliminary at-�elded) all-�bresFlat Field frame[out3.6℄� n (leaned) single-�bre Flat Fieldframes [out3.4℄� Order-�bre poly-nomial solution[out2.2℄
All �bres Flat Fieldframe shift determinationby omputing its ross-orrelation with the single�bre Flat Field frames � n (onvolved) single-�bre Flat Fieldframes [out3.7℄� ross orrelation ta-ble [out3.7℄ NEW

3.8 � all-�bres Flat Fieldframe [out1.2℄� bad pixels Mask[database℄� Inter-order Table[out2.2℄� ross orrelation ta-ble [out3.7℄
Final omputation of thesattered light in the all-�bres Flat Field Frame,using inter-order positionsorreted for the drift, andits subtration (to do onlyif the drift is signi�ant,else keep the previous pre-liminary bakground sub-tration)

� all-�bres Flat Fieldframe [out3.8℄ NEW
3.9 � (bakground sub-trated) all �bresFlat Field frame[out3.8℄� (inter.) full slit FlatField frame [out1.2℄

Division of all �bre FlatField frames by the fullslit Flat Field frame (to doonly if the bakground wasreomputed in the preed-ing step, else keep the pre-liminary one) � (ready) all �bresFlat Field frame[out3.9℄ MIDASStandard extration
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Stage Input Operation Output Pro.
3.10

� all-�bres Flat Fieldframe [out3.9℄� n single-�bre FlatField frames [out3.4℄� bad pixels Mask[database℄� Order-�bre Table[out2.2℄� Order-�bre poly-nomial solution[out2.2℄
Integration over �xed y-intervals and determina-tion of the preliminary Il-lumination Frations

� n2 frames ontain-ing (preliminary)Illumination Fra-tions [out3.10℄� n frames ontaining(blended) through-put orretions[out3.10℄ mod. MIDAS
3.11 � n 1D frames on-taining throughputorretions [out3.10℄� n2 1D frames on-taining IlluminationFrations [out3.10℄ Deblending of thethroughput orretions � n 1D frames on-taining (deblended)throughput orre-tions [out3.11℄ mod. NEW
3.12

� n 1D frames on-taining throughputorretions [out3.11℄� n single-�bre FlatField frames [out3.4℄� bad pixels Mask[database℄� Order-�bre poly-nomial solution[out2.2℄
Constrution of orreted,bakground subtratedsingle �bre Flat Fieldframes � n (orreted) sin-gle �bre Flat Fieldframes (pixel-orderspae) [out3.12℄ mod. NEW

Standard extration
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Stage Input Operation Output Pro.4.1 � Siene frame[out1.2℄� bad pixels Mask[database℄ Cosmi ray hits detetionand agging � (updated) bad pix-els mask [out4.1℄ mod. MIDAS
4.2 � Siene frame[out4.1℄� Th-Ar frame[out1.2℄� bad pixels Mask[database℄� Inter-order table[out2.2℄

Preliminary omputationand subtration of thesattered light � (bakground sub-trated) Sieneframe [out4.2℄� (bakground sub-trated) Th-Arframe [out4.2℄ MIDAS
4.3 � (bakground sub-trated) Sieneframe [out4.2℄� (bakground sub-trated) Th-Arframe [out4.2℄� (inter.) full slit FlatField frame [out1.2℄ Division of Siene andTh-Ar frames by the fullslit Flat Field frame � (preliminary at-�elded) Sieneframe [out4.3℄� (preliminary at-�elded) Th-Arframe [out4.3℄ MIDAS

Standard extration
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Stage Input Operation Output Pro.
4.4

� (preliminary at-�elded) Sieneframe [out4.3℄� (preliminary at-�elded) Th-Arframe [out4.3℄� n (leaned) single-�bre Flat Fieldframes [out3.12℄� Order-�bre poly-nomial solution[out2.2℄
Siene and Th-Ar frameshift determination byomputing their ross-orrelation with the single�bre Flat Field frames � n (onvolved) single-�bre Flat Fieldframes [out4.4℄� ross orrelation ta-ble [out4.4℄ NEW

4.5
� Siene frame[out1.2℄� Th-Ar frame[out1.2℄� bad pixels Mask[database℄� Inter-order Table[out2.2℄� ross orrelation ta-ble [out4.4℄

Final omputation of thesattered light in the Si-ene and Th-Ar Frame,using inter-order positionsorreted for the drift, andits subtration (to do onlyif the drift is signi�ant,else keep the previous pre-liminary bakground sub-tration)
� Siene frame[out4.5℄� Th-Ar frame[out4.5℄ NEW

Standard extration

FLAMES-UVES Data Redution Software Design and Arhiteture Report



Do.: VLT-TRE-ITA-13750-0002 Issue: 2.1I-FLAMES DRS Team Unit: I-FLAMES DRS Setion: 6.2Date: November 13, 2000 Page: 47
Stage Input Operation Output Pro.
4.6 � (bakground sub-trated) Sieneframe [out4.5℄� (bakground sub-trated) Th-Arframe [out4.5℄� (inter.) full slit FlatField frame [out1.2℄

Division of Siene andTh-Ar frames by the fullslit Flat Field frame (to doonly if the bakground wasreomputed in the preed-ing step, else keep the pre-liminary one)
� (ready) Sieneframe [out4.6℄� (ready) Th-Ar frame[out4.6℄ MIDAS

4.7
� Siene frame[out4.6℄� Th-Ar frame[out4.6℄� n single �bre FlatField frames [out4.4℄� bad pixels Mask[out4.1℄� Order-�bre poly-nomial solution[out2.2℄

Integration over �xed y-intervals and determina-tion of the IlluminationFrations
� n2 frames ontain-ing IlluminationFrations [out4.7℄� n (blended) Sienespetra (pixel-orderspae) [out4.7℄� n (blended) Th-Arspetra (pixel-orderspae) [out4.7℄� Used ux fration[out4.7℄

mod. MIDAS

4.8
� n Siene spetra[out4.7℄� n Th-Ar spetra[out4.7℄� n2 frames ontain-ing IlluminationFrations [out4.7℄� bad pixels Mask[out4.1℄

Deblending of the �bres inTh-Ar and Siene frames � n (deblended) Si-ene spetra (pixel-order spae) [out4.8℄� n (deblended) Th-Ar spetra (pixel-order spae) [out4.8℄ mod. NEW
Standard extration
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Stage Input Operation Output Pro.
5.1 � n Th-Ar spetra[out4.8℄� simultaneous ali-bration spetrum[out4.8℄� 1st guess wavelengthalibration solution[out2.1℄ Computation of the un-orreted wavelength al-ibration solutions � Wavelength ali-bration solutions[out5.1℄ mod. MIDAS
5.2 � n Wavelength al-ibration solutionsfrom the Th-Arframe [out4.1℄� Wavelength ali-bration solutionfrom the simulta-neous alibration�bre[out4.1℄

Computation of the higherorder orretion to the nwavelength alibration so-lutions from the di�erenein the ones for the simul-taneous alibration �bre(only in simultaneous al-ibration mode) � n (orreted) Wave-length alibrationsolutions [out5.2℄ NEW
5.3 � n Siene spetra(pixel-order spae)[out4.8℄� n wavelength al-ibration solutions[out5.1℄ or [out5.2℄ Rebinning of Siene spe-tra � n (Rebinned)Siene spetra(wavelength-orderspae) [out5.3℄ MIDAS
6.1 � n�1 Siene spetra(wavelength-orderspae) [out5.3℄� Sky Spetrum(wavelength-orderspae) [out5.3℄ Sky subtration (if re-quested) � n � 1 (sky sub-trated) Si-ene Spetra(wavelength-orderspae) [out5.3℄ MIDASStandard extration
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Stage Input Operation Output Pro.7.1 � Siene spetra [5.3or 6.1℄ Order merging � Final Siene spe-tra [out7.1℄ MIDASStandard extration
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6.3 Optimal extrationStage Inputs Operation Output Pro.

1.1
� raw Bias frame(s)[alibrations℄� raw Dark CurrentFrame [alibrations℄� raw even-�bres FlatField frame(s) [ali-brations℄� raw odd-�bres FlatField frame(s) [ali-brations℄� raw all-�bres FlatField frame(s) [ali-brations℄� raw full slit FlatField frame(s) [ali-brations℄

Constrution of masterBias, Dark Current andFlat Field frames, leanedfrom osmi ray hits
� (master) Bias frame[out1.1℄� (master) Dark Cur-rent frame [out1.1℄� (leaned) even-�bres Flat Fieldframe [out1.1℄� (leaned) odd-�bresFlat Field Frame[out1.1℄� (leaned) all-�bresFlat Field frame[out1.1℄� (leaned) full slitFlat Field frame[out1.1℄

MIDAS
Optimal extration

FLAMES-UVES Data Redution Software Design and Arhiteture Report



Do.: VLT-TRE-ITA-13750-0002 Issue: 2.1I-FLAMES DRS Team Unit: I-FLAMES DRS Setion: 6.3Date: November 13, 2000 Page: 51
Stage Inputs Operation Output Pro.
1.2

� Bias frame [out1.1℄� Dark Current frame[out1.1℄� raw Siene frame[observations℄� raw Th-Ar frame[alibrations℄� even-�bres FlatField frame [out1.1℄� odd-�bres Flat FieldFrame [out1.1℄� all-�bres Flat Fieldframe [out1.1℄� full slit Flat Fieldframe [out1.1℄
Subtration of the biasand dark urrent valuesfrom the Siene and ali-bration frames

� (inter.) Sieneframe [out1.2℄� (inter.) Th-Arframe [out1.2℄� (inter.) even �bresFlat Field frame[out1.2℄� (inter.) odd �bresFlat Field Frame[out1.2℄� (inter.) all �bresFlat Field frame[out1.2℄� (inter.) full slit FlatField frame [out1.2℄
MIDAS

2.1 � single �bre Th-Arframe [database℄� bad pixels Mask[database℄ Format hek � 1st guess wavelengthalibration solution[out2.1℄� 1st guess order �nd-ing [out2.1℄ UVES ontextOptimal extration
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Stage Inputs Operation Output Pro.
2.2 � even-�bres FlatField frame [out1.2℄� odd-�bres Flat Fieldframe [out1.2℄� bad pixels Mask[database℄� 1st guess order �nd-ing [out2.1℄

De�nition of the positionsof orders and �bres on theframe
� Order-�bre Table[out2.2℄� Inter-order Table[out2.2℄� Order-�bre poly-nomial solution[out2.2℄ mod. MIDAS

3.1 � even-�bres FlatField frame [out1.2℄� odd-�bres Flat Fieldframe [out1.2℄� bad pixels Mask[database℄� Inter-order table[out2.2℄
Computation and sub-tration of the satteredlight in the even and odd-�bres Flat Field frames,by �tting a low degreepolynomial to inter-orderpositions

� (bakground sub-trated) even-�bresFlat Field frame[out3.1℄� (bakground sub-trated) odd-�bresFlat Field frame[out3.1℄ MIDAS
3.2 � (inter.) even �bresFlat Field frame[out3.1℄� (inter.) odd �bresFlat Field Frame[out3.1℄� (inter.) full slit FlatField frame [out1.2℄

Division of even and odd�bre Flat Field frames bythe full slit Flat Fieldframe � (ready) even �bresFlat Field frame[out3.2℄� (ready) odd �bresFlat Field Frame[out3.2℄ MIDAS
Optimal extration
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Stage Inputs Operation Output Pro.
3.3 � even-�bres FlatField frame [out3.2℄� odd-�bres Flat Fieldframe [out3.2℄� Order-�bre poly-nomial solution[out2.2℄

Constrution of pre-liminary single-�breFlat Field frames, bysimple seletion of theappropriate portions ofbakground-subtratedeven and odd-�bre FlatField frame and zeroingof the rest
� n (preliminary,bakground-subtrated) single-�bre Flat Fieldframes [out3.3℄ NEW

3.4
� n (preliminary,bakground-subtrated) single-�bre Flat Fieldframes [out3.3℄� bad pixels Mask[database℄� Order-�bre poly-nomial solution[out2.2℄

Constrution of single�bre Flat Field framesleaned from hot/deadpixels � n (leaned) single-�bre Flat Fieldframes [out3.4℄ NEW
3.5 � all-�bres Flat Fieldframe [out1.2℄� bad pixels Mask[database℄� Inter-order table[out2.2℄ Preliminary omputationand subtration of thesattered light � (bakground sub-trated) all-�bresFlat Field frame[out3.5℄ MIDAS
3.6 � (bakground sub-trated) all �bresFlat Field frame[out3.5℄� (inter.) full slit FlatField frame [out1.2℄ Division of all �bre FlatField frames by the fullslit Flat Field frame � (preliminary at-�elded) all �bresFlat Field frame[out3.6℄ MIDASOptimal extration
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Stage Inputs Operation Output Pro.
3.7

� (preliminary at-�elded) all-�bresFlat Field frame[out3.6℄� n (leaned) single-�bre Flat Fieldframes [out3.4℄� Order-�bre poly-nomial solution[out2.2℄
All �bres Flat Fieldframe shift determinationby omputing its ross-orrelation with the single�bre Flat Field frames � n (onvolved) single-�bre Flat Fieldframes [out3.7℄� ross orrelation ta-ble [out3.7℄ NEW

3.8
� all-�bres Flat Fieldframe [out1.2℄� full slit Flat Fieldframe [out1.2℄� n single-�bre FlatField frames [out3.4℄� bad pixels Mask[database℄� Inter-order Table[out2.2℄� ross orrelation ta-ble [out3.7℄

Final omputation ofthe sattered light inthe ready all-�bres FlatField Frame, by �ttinga low degree polynomialto inter-order positionsand possibly a few po-sitions below the bluestorders, with simultaneousoptimal extration of thespetra only in those po-sitions and its subtration
� (ready) all-�bresFlat Field frame[out3.8℄ NEW

3.9 � (bakground sub-trated) all �bresFlat Field frame[out3.8℄� (inter.) full slit FlatField frame [out1.2℄ Division of all �bre FlatField frames by the fullslit Flat Field frame � (ready) all �bresFlat Field frame[out3.9℄ MIDASOptimal extration
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Stage Inputs Operation Output Pro.
3.10

� all-�bres Flat Fieldframe [out3.9℄� n single-�bre FlatField frames [out3.4℄� bad pixels Mask[database℄� Order-�bre Table[out2.2℄� Order-�bre poly-nomial solution[out2.2℄
Evaluation of the rela-tive throughputs of the �-bres applying the \Opti-mal Extration" to the all-�bres Flat Field Frame � n frames ontain-ing throughput or-retions [out3.10℄ NEW

3.11
� n frames ontain-ing throughput or-retions [out3.10℄� n single-�bre FlatField frames [out3.3℄� bad pixels Mask[database℄� Order-�bre poly-nomial solution[out2.2℄

Constrution of through-put orreted, bakgroundsubtrated single-�breFlat Field frames � n (orreted) single-�bre Flat FieldFrames (pixel-orderspae) [out3.11℄ NEW
Optimal extration
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Stage Inputs Operation Output Pro.
4.1 � Siene frame[out1.2℄� Th-Ar frame[out1.2℄� bad pixels Mask[database℄� Inter-order table[out2.2℄

Preliminary omputationand subtration of thesattered light � (bakground sub-trated) Sieneframe [out4.1℄� (bakground sub-trated) Th-Arframe [out4.1℄ MIDAS
4.2 � (bakground sub-trated) Sieneframe [out4.1℄� (bakground sub-trated) Th-Arframe [out4.1℄� (inter.) full slit FlatField frame [out1.2℄ Division of Siene andTh-Ar frames by the fullslit Flat Field frame � (preliminary at-�elded) Sieneframe [out4.2℄� (preliminary at-�elded) Th-Arframe [out4.2℄ MIDAS

4.3
� (preliminary at-�elded) Sieneframe [out4.2℄� (preliminary at-�elded) Th-Arframe [out4.2℄� n (leaned) single-�bre Flat Fieldframes [out3.11℄� Order-�bre poly-nomial solution[out2.2℄

Siene and Th-Ar frameshift determination byomputing their ross-orrelation with the single�bre Flat Field frames � n (onvolved) single-�bre Flat Fieldframes [out4.3℄� ross orrelation ta-ble [out4.3℄ NEW
Optimal extration
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Stage Inputs Operation Output Pro.

4.4
� Siene frame[out1.2℄� Th-Ar frame[out1.2℄� full slit Flat Fieldframe [out1.2℄� n single-�bre FlatField Frames[out4.3℄� bad pixels Mask[database℄� Inter-order Table[out2.2℄� ross orrelation ta-ble [out4.3℄� Order-�bre poly-nomial solution[out2.2℄

Final omputation of thesattered light in the Si-ene frame and Th-Arframe, by �tting a low de-gree polynomial to inter-order positions and pos-sibly a few positions be-low the bluest orders, withsimultaneous optimal ex-tration of the spetraonly in those positions
� (bakground sub-trated) Sieneframe [out4.4℄� (bakground sub-trated) Th-ArFrame [out4.4℄ NEW

4.5 � (bakground sub-trated) Sieneframe [out4.4℄� (bakground sub-trated) Th-Arframe [out4.4℄� (inter.) full slit FlatField frame [out1.2℄ Division of Siene andTh-Ar frames by the fullslit Flat Field frame � (ready) Sieneframe [out4.5℄� (ready) Th-Ar frame[out4.5℄ MIDAS
Optimal extration
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Stage Inputs Operation Output Pro.
4.6

� Siene Frame[out4.5℄� Th-Ar Frame[out4.5℄� n single-�bre FlatField frames [out3.3℄� bad pixels Mask[database℄� Order-�bre poly-nomial solution[out2.2℄
Optimal Extration � n Siene Spetra(pixel-order spae)[out4.6℄� n Th-Ar spetra(pixel-order spae)[out4.6℄� Quality ontrols #1and #2 [out4.6℄ NEW

5.1 � n Th-Ar spetra[out4.8℄� simultaneous ali-bration spetrum[out4.8℄� 1st guess wavelengthalibration solution[out2.1℄ Computation of the un-orreted wavelength al-ibration solutions � Wavelength ali-bration solutions[out5.1℄ mod. MIDAS
5.2 � n Wavelength al-ibration solutionsfrom the Th-Arframe [out4.1℄� Wavelength ali-bration solutionfrom the simulta-neous alibration�bre[out4.1℄

Computation of the higherorder orretion to the nwavelength alibration so-lutions from the di�erenein the ones for the simul-taneous alibration �bre(only in simultaneous al-ibration mode) � n (orreted) Wave-length alibrationsolutions [out5.2℄ mod. MIDAS
Optimal extration
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Stage Inputs Operation Output Pro.
5.3 � n Siene spetra(pixel-order spae)[out4.8℄� n wavelength al-ibration solutions[out5.1℄ or [out5.2℄ Rebinning of Siene spe-tra � n (Rebinned)Siene spetra(wavelength-orderspae) [out5.3℄ NEW
6.1 � n�1 Siene spetra(wavelength-orderspae) [out5.3℄� Sky Spetrum(wavelength-orderspae) [out5.3℄ Sky subtration (if re-quested) � n � 1 (sky sub-trated) Si-ene Spetra(wavelength-orderspae) [out5.1℄ MIDAS
7.1 � Siene spetra[[out5.3℄ or [out6.1℄℄ Order merging � Final Siene spe-tra [out7.1℄ MIDASOptimal extration
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7 Breakdown of redution stepsIn the following you an �nd a detailed breakdown of eah redution step with the needed inputs andthe generated outputs, its purpose and a verbose desription of its usage.In spite of the fat that it is not shown expliitly, to redue the lutter, eah proedure keeps traeof the errors present in the initial frames by alulating the error propagated to eah output. Therefore,to eah output frame, be it in pixel-pixel, pixel-order, wavelength-order or wavelength spae, will beassoiated another frame of the same size and in the same spae, ontaining the estimated error.A blok diagram of the proedure is also inluded with the following graphi onventions:� A irle stands the proedure itself� A rounded box stands for inputs whih are the MIDAS frames (.bdf)� An ellipse stands for inputs whih are from the UVES database (even when it was modi�ed byanother proedure)� An hexagon stands for inputs whih are MIDAS tables (.tbl) or desriptors7.1 Preliminary leaning by stakingPurpose:Produe frames free from osmi ray hits before further proessingUsed in:� step 1.1� possibly step 4.1 (standard redution) if multiple exposures of the same Siene frame areavailableInputs:1. 3 or more subsequent exposures of the same frame2. CCD parameters suh as R.O.N. and gain (probably stored in image desriptors)
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Frame

Stacking

nFrame Frame 2 Frame 31Frame 

CleanedFigure 7.1: Rejetion of osmi rays by staking of framesOutputs:1. 1 averaged frame with osmi ray hits removedDesription:Common image staking tehniques with sigma lipping (already implemented in existing MIDASommands) are used to obtain an average image without osmi ray hits. At least 3 instanes ofthe same frame are needed, 5 are reommended.7.2 Bias and Dark Current subtration
Frame 
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Frame
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Figure 7.2: Bias and Dark Current subtration
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Purpose:Subtrat Bias and Dark urrent from other alibration frames and Siene framesUsed in:� step 1.2Inputs:1. master Bias frame2. master Dark Current frame, with its exposure time stored in its desriptors3. a Siene frame (or any other frame from whih Bias and Dark Current have to be subtrated),with its exposure time stored in its desriptorsOutputs:1. 1 Bias and Dark Current subtrated Siene (or other) frameDesription:Using standard MIDAS ommands, the Bias frame is subtrated from both the Siene frame andthe Dark Current frame. The resulting Dark Current frame is then saled depending on the ratiobetween its exposure time and that of the Siene frame, from whih is then subtrated.7.3 Format hek
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Figure 7.3: First order approximations of the positions of the orders
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Purpose:Constrution of 1st order approximations for the positions of the orders on the frame and dispersionrelationsUsed in:� step 2.1Inputs:1. single �bre Th-Ar frame2. bad pixels maskOutputs:1. 1st order approximation for the positions of the orders in the frame2. 1st order approximation for the dispersion relationsDesription:This step, part of the already existing UVES ontext, ompares a single �bre Th/Ar frame (anarrow slit Th/Ar frame in the existing pipeline) with a physial model of UVES, and derives 1storder approximations for the positions of the orders on the frame and dispersion relations. It isexpeted to work out of the box, as a single �bre frame di�ers very little from a narrow slit frame.7.4 Orders de�nition

Bad pixel
mask evenof order
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Figure 7.4: Finding �bres and orders positions
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Purpose:De�nition of the positions of orders and �bres on the frameUsed in:� step 2.2Inputs:1. even �bres Flat Field frame2. odd �bres Flat Field frame3. 1st order approximation for the positions of the orders in the frame4. bad pixels maskOutputs:1. Order/�bres table, inluding (as desriptors) the parameters for the polynomial solution2. \Bak.tbl" table, ontaining a list of inter-order intervals on the frames whih an be used forsubsequent bakground estimationDesription:This part is very similar to the one already implemented in the DEFINE/HOUGH ommand of theehelle ontext of MIDAS. Its �rst few steps will be exatly equal to those in DEFINE/HOUGH,apart from the fat that they will be run on two frames (the even �bres Flat Field frame and theodd �bres Flat Field frame) instead of one only:� Make a rough estimation of the bakground, by median �ltering over running boxes andhoosing the lowest value found, and subtrat it (just as in DEFINE/HOUGH, but do itseparately for the two input frames).� Perform a Hough transform and, on the result, �nd the lusters orresponding to approxi-mately straight lines, thereby obtaining a table of angular oeÆients and interepts, sortedby interepts, one for eah straight line found. Trae these approximate \lines", eah or-responding to an order of a �bre, on the orresponding Flat Field frame, and build a tableontaining, for eah \line", a list of x-y ouples following the maxima on the frame. Again,this step is exatly equal to what is done in DEFINE/HOUGH, perhaps with some very minortweaking of the internal parameters, but it is applied independently to the odd �bre and even�bre Flat Field frames. The result of this step is a table of x-y ouples (one per table line),eah one tagged with a unique number identifying the \line" to whih it belongs.� Merge the last two tables resulting from the step above, sorting them in the order of theinterepts of the \lines" to whih the x-y ouples belong. This an be easily aomplished bya ouple of simple MIDAS ommands.
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� Use the 1st approximation of the order position from the format hek to assign an ordernumber and a �bre number to eah \line" traed in the above table. While this is oneptuallyeasy to do, it does not exist yet in MIDAS, and it will be implemented as a C module. Asa result, the table will get two additional olumns, one ontaining the order number and oneontaining the �bre number of a given x-y ouple (a line of the table).� Making use of the fats that the n di�erent �bres in the same order must be parallel andthat their distanes must be �xed onstants, �t the traes in the table with one bivariatepolynomial in the pixel-order spae and n� 1 o�sets. This is a linear �t, whih an be solvedanalytially by a simple matrix inversion, and will require the use of a standard library ofnumerial routines (e. g. Numerial Reipes).� Making use of the result of the above step, build a table ontaining a list of �tted orders/�brespositions (just as is done at the end of the DEFINE/HOUGH proedure with orders) to be usedfor subsequent proessing, and store the results of the �t as desriptors of this table. Likewise,build a table de�ning a list of retangular intervals of x-y oordinates that only ontain inter-order points. This latter table will be strutured exatly as the \bak.tbl" produed by theDEFINE/HOUGH ommand, in order to be ompatible out of the box with existing MIDASommands for bakground estimation.7.5 Division by the full slit Flat Field

Frame
Full Slit
Frame

Normalized

Division

FrameFigure 7.5: Division by the full slit FFPurpose: Divide all the alibration and siene frames by the full slit Flat Field frameUsed in:� step 1.6
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Inputs:1. Siene Frame2. Th-Ar Frame3. even �bres Flat Field4. odd �bres Flat Field5. all �bres Flat Field6. full slit Flat FieldOutputs:1. Siene Frame2. Th-Ar Frame3. even �bres Flat Field4. odd �bres Flat Field5. all �bres Flat FieldDesription: Using standard MIDAS ommands, the alibration and Siene frames are divided bythe full slit frame in order to remove any pixel to pixel variation.7.6 Single �bre Flat Field Frames Cleaning

/
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of order
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Figure 7.6: Constrution of single �bre Flat Field leaned by hot/dead pixelsPurpose:Constrution of single �bre Flat Field leaned by any hot/dead pixels
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Used in:� step 3.4Inputs:1. n single-�bre Flat Field frames2. bad pixels Mask3. Order-�bre polynomial solution4. Inter-order tableOutputs:1. n normalised single-�bre Flat Field frames2. n 1D single �bre normalisation fators3. even �bres Flat Field frame4. odd �bres Flat Field frame5. all �bres Flat Field frameDesription:This step has the purpose to obtain single �bre Flat Fields with as little as possible (ideally none)hot/dead pixel in any position of the frame, in order to have for every x, order and �bre in theframe a lean ross-dispersion PSF. This task is aomplished under the assumption that the �breross-dispersion PSF is insensitive to variation of �20 pixels in the dispersion (x) diretion.For every given order m, we fator the F0n frames in the following way:F0(x; y) = N(x)PSF(x; y); (7.1)where, for the sake of simpliity, the n and m indexes are impliit and have been dropped. Thex-dependent normalisation fator N(x) is straightforwardly evaluated asN(x) =Xy F0(x; y); (7.2)when there are no bad pixels for the given n, m and x. To �ll in the \holes" we proeed in thefollowing way: sine the y position of the orders, as a funtion of x, an be loally desribed withgreat auray by a straight line with a slope s (dependent on m and, even if very weakly, on x)always < 0:039, it is always possible to �nd a Æx = 1s so thatPSF(x; y) ' PSF(x� Æx; y � 1): (7.3)The Æx an be trunated to the nearest integer value introduing a negligible error in the aboveequation. Therefore, when F0n(x; y) is inomplete for a given x, we look at F0n(x � Æx; y � 1) and
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�nd the subset S of y pixels present in F0n(x; y) and for whih the orresponding shifted pixel inF0n(x � Æx; y � 1) is also present. Then temporary normalisation fators N0(x) and N0(x � Æx) arealulated using the equation N0(x) =Xy2SF0(x; y) (7.4)whih is obtained from equation 7.2 by restriting the sum only to pixels belonging to the subsetS. This in turn leads to the following equationF0(x; y) ' N0(x)N0(x� Æx)F0(x� Æx; y � 1); (7.5)whih provides estimates for the missing pixels.Where two suh estimates are possible (everywhere exept the edges of an order in x and theunfortunate ase of two bad pixels that are one at the shifted position of the other), a weightedaverage is performed, otherwise the single available estimate is taken, or the pixel is skipped if thereis no available estimate (whih is very unlikely). In this way, in a single pass, some missing (bad)pixels are �lled in. This \�lling in" proedure is iterated until no more holes an be �lled, eitherbeause there are none left or beause there are no available estimates for them.While extremely unlikely, as it would require many bad pixels to be plaed in a very well de�nedorder by hane, it may in priniple happen that some holes still remain at the end of this pro-edure. In this ase, a warning will be issued, and, as a fall-bak solution, the missing pixels andnormalisation fators will be interpolated from neighbouring ones. This will be less aurate, butwill permit to still extrat meaningful spetra at the a�eted x and m. Should this interpolationstill fail, a more serious warning will be issued and the whole x slie of pixels in the m order willbe marked as bad.For all omplete x slies, the normalisation fators N(x) are alulated using equation 7.2.7.7 Cleaning of Siene frames by �lteringPurpose:Clean Siene frames from osmi ray hits before further proessingUsed in:� step 4.1 (standard extration)Inputs:1. Siene frame2. CCD parameters suh as R.O.N. and gain (probably stored in image desriptors)3. bad pixels Mask
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maskFigure 7.7: Filtering Siene Frames for osmi ray hitsOutputs:1. updated bad pixels mask with osmi ray hits inluded (spei� for this Siene frame only)Desription:In standard redution, osmi ray hits annot be identi�ed during the extration step, thereforethey must be eliminated beforehand. If multiple exposures of the same Siene frame are available,this is aomplished by staking as desribed in setion (insert setion here), otherwise a �lter (e. g.a running median over an appropriate window) must be used to identify osmi ray hits. This ispossible, to some extent, thanks to the relatively large sampling of UVES in �bre mode. Thesepixels annot be given a sensible value if only one exposure is available. Therefore, a mask of pixelsto rejet is built and merged with the bad pixels mask, and will be used throughout the remainingsteps for this Siene frame only.7.8 Standard bakground estimation and subtrationPurpose:Estimation, with standard tehniques, of the sattered light over Siene, Flat Field or Th/Arframes, and its subsequent subtrationUsed in:� step 3.1� step 4.1 (standard extration)Inputs:
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Figure 7.8: Standard bakground estimation and subtration1. Siene or Flat Field or Th/Ar frame2. bad pixels mask3. \Bak.tbl" tableOutputs:1. estimated Bakground frame2. bakground subtrated frameDesription:Existing failities of the ehelle ontext of MIDAS, suh as the BACKGROUND/ECHELLE om-mand, are used to estimate the sattered light. Standard MIDAS ommands (e. g. COMPUTE/IMAGE)an then be used to subtrat it from the original frame. This sequene of operations is already im-plemented in the higher level ommand SUBTRACT/BACKGROUND of the ehelle ontext ofMIDAS. Minor modi�ations to these proedures may be performed in order to make use of thebad pixels mask (i. e. to avoid using pixels known to be bad in bakground estimation).7.9 Siene Frame shift determinationPurpose:Estimation of the shift that a�ets the Siene Frame respet to the Flat FieldsUsed in:� step 3.4 (standard extration)� step 3.3 (optimal extration)
FLAMES-UVES Data Redution Software Design and Arhiteture Report



Do.: VLT-TRE-ITA-13750-0002 Issue: 2.1I-FLAMES DRS Team Unit: I-FLAMES DRS Setion: 7.10Date: November 13, 2000 Page: 71
Determination

Shift

1st order
approximation

positions
of order

Shifted
FFs

Science
Frame

Correlation
Table

Cross

FFs

Figure 7.9: Shift DeterminationInputs:1. even-�bres Flat Field frame2. odd-�bres Flat Field frame3. all-�bres Flat Field frame4. n single-�bre Flat Field frames5. Siene frame6. Order-�bre polynomial solutionOutputs:1. all-�bres Flat Field frame2. n single-�bre Flat Field frames3. ross orrelation tableDesription:Thanks to the slight slope of the ehelle orders, a small shift in y of the Siene frame with respetto the FF frames is nearly equivalent to a shift along x between these frames, at the expense of veryfew pixels at the frame borders. To ompute the needed amount of shift to be applied, a orrelationfuntion is omputed between the Siene frame and the FF frames, order by order, for a varyingamount of x shift. The shift values (one per order) yielding a maximum in the orrelation funtionare then used to reonstrut new FF frames, appropriate for the Siene frame at hand. Thesevalues are also logged in a table. This will be implemented as a new C module of MIDAS.
FLAMES-UVES Data Redution Software Design and Arhiteture Report



Do.: VLT-TRE-ITA-13750-0002 Issue: 2.1I-FLAMES DRS Team Unit: I-FLAMES DRS Setion: 7.11Date: November 13, 2000 Page: 72
table

Fibres
Order

evenFF

1 fibre FF
uncorrected

Getting

FFs
1 fibre 

updated

n

oddFF

table
Fibres
OrderFigure 7.10: Extrating raw single �bre Flat Field7.10 Preliminary ut of single �bre at �eld framesPurpose:Constrution of bakground subtrated single �bre Flat Field frames, unorreted for the relativethroughputs of adjaent �bresUsed in:� step 3.3Inputs:1. bakground subtrated even �bres Flat Field frame2. bakground subtrated odd �bres Flat Field frame3. Orders/�bres tableOutputs:1. n preliminary, bakground subtrated single �bre Flat Field frames2. updated orders/�bres tableDesription:For eah �bre i, an interval Æ in y around the position of its orders on the frame (as ontained inthe orders/�bres table) is de�ned so that it ontains all of the light from that �bre. Then the evenor odd �bres Flat Field frame ontaining that �bre is opied to a new frame, and all pixels outsidethe interval de�ned above are set to 0 (zero). In this way a frame ontaining the ontribution of asingle �bre to the Flat Field is obtained. The values de�ning the start and end of the intervals arestored as desriptors or in new olumns in the orders/�bres table (TBD).

FLAMES-UVES Data Redution Software Design and Arhiteture Report



Do.: VLT-TRE-ITA-13750-0002 Issue: 2.1I-FLAMES DRS Team Unit: I-FLAMES DRS Setion: 7.11Date: November 13, 2000 Page: 73
7.11 Integration over �xed y intervals
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Figure 7.11: Integration of the single �bre signalPurpose:Simple integration of the signal in the interval overed by every single �bre, order by orderUsed in:� step 3.10 (standard extration)� step 4.7 (standard extration)Inputs:1. a frame in pixel-pixel spae2. Orders/�bres tableOutputs:1. n frames in pixel-order spaeDesription:For eah �bre i of the n present, for every order m an integration over a \numerial slit" overingthe �bre i is performed over the input frame. This an be aomplished by a simple proedure thatloops over �bres and feeds appropriate input to the EXTRACT/ORDER proedure of the ehelleontext of MIDAS. This involves extrating from the orders/�bres table a subtable ontaining all theorders of �bre i only, whih is easily aomplished by straightforward MIDAS table manipulationommands.This step produes oneptually di�erent results depending on the frame to whih it is applied:
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� if applied to a Siene or Th/Ar or all �bres Flat Field frame, the desription given aboveholds;� if applied to the single �bre Flat Field frame of �bre i it will give n pixel-order frames ontainingthe illumination frations of �bre i over the intervals of all �bres.7.12 Deblending of standard extrated spetra
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po FramesFigure 7.12: Deblending of standard extrated spetraPurpose:Disentangle the ontributions from di�erent �bresUsed in:� step 3.11 (standard extration)� step 4.7 (standard extration)Inputs:1. n frames in pixel-pixel spae resulting from integration over �xed intervals of a Siene, Th/Aror all �bres Flat Field frame2. n2 frames in pixel-order spae resulting from integration over �xed intervals of n single �breFlat Field frames3. Orders/�bres tableOutputs:1. n frames in pixel-order spae ontaining disentangled ontributions
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Desription:As desribed in setion 5.7.2 (see equations therein), for eah given order m and wavelength pixel j,the result on of the integration of ux in a frame to be redued over the window of width w entredon �bre n will be omposed of a linear ombination of the uxes oming from the �bre n itself andneighbouring ones, with oeÆients A(n; n0). These latter oeÆients represent the ontribution of�bre n0 to the integral entred over �bre n, and an be obtained straightforwardly integrating thesingle �bre at �eld frame FFn0 over the interval entred on �bre n, using the very same proedureused for integration on the frame to be redued and disarding the same set of bad pixels. Thereovery of the true uxes n0 entering the linear ombination involves the solution of the systemof linear equations in equation 5.14, involving the inversion of the A(n; n0) matries. A module,making use of library funtions for the matrix inversions, will be written for this purpose.7.13 Constrution of single �bre at �eld frames
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nFigure 7.13: Constrution of bakground subtrated single �bre FFsPurpose:Constrution of bakground subtrated single �bre Flat Field frames, orreted for the relativethroughputs of adjaent �bresUsed in:� step 3.12 (standard extration)� step 3.11 (optimal extration)Inputs:1. n preliminary bakground subtrated single �bre Flat Field frame
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2. n pixel-order frames ontaining the n \spetra" fully extrated from the all �bres Flat Fieldframe using the preliminary single �bre Flat Field frames to evaluate the illumination frations3. Orders/�bres tableOutputs:1. n bakground subtrated single �bre Flat Field frames, orreted for the relative throughputsof the �bresDesription:The n \spetra" fully extrated from the all �bres Flat Field frame using the orreted single �breFlat Field frames to evaluate the illumination frations would be identially equal to 1 by de�nition.This means that the orreted single �bre Flat Field frames an be obtained simply multiplying allthe pixels of every order of the preliminary single �bre Flat Field frames by the value at the samepixel and order of the orresponding \spetrum" extrated from the all �bres Flat Field frame.This will need to be implemented in a new C module or in a MIDAS proedure (TBD).7.14 Extended evaluation of sattered light
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Figure 7.14: Evaluation of sattered lightPurpose:Evaluation of the sattered light in a frame, using the available inter-order intervals and a fewpixels over the �bres, in the bluest part of the frames, with simultaneous optimal extration of thespetra only in those few pixelsUsed in:
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� step 3.8 (optimal extration)� step 4.4 (optimal extration)Inputs:1. the frame whose bakground is to be evaluated2. the Full Slit Flat Field frame3. n single �bre Flat Field frames4. Orders/�bres table5. Inter order table6. bad pixels maskOutputs:1. a frame ontaining the estimated bakgroundDesription:As desribed in the doument (see setion 5.7.1), for any given x oordinate in a frame to be reduedthe ADUs an be represented as a linear ombination of the appropriate orders of the single �breFlat Field frames plus a smooth (polynomial) bakground. A linear least squares �t is performedon all the available inter-order intervals and a few (not more than �ve) vertial segments overingthe bluest, overlapping orders where there is no inter-order spae left. Known bad pixels are notinluded in the �t. In this ase, the bakground is expressed asB(x; y) =Xi;j aijxiyj (7.6)and the �2 is expressed as the sum of two terms:�2 = �21 + �22; (7.7)where �21 = X(x;y)2IM(x; y) (S(x; y)�B(x; y))2V (x; y) (7.8)and �22 = Xx2D iupp(x)Xi=ilow(x)M(x; y)� S(x;y)Fslit(x;y) � B(x;y)Fslit(x;y) �Pn;m n(x;m)F00n(x; y;m)�2V (x; y) ; (7.9)where D is the set of x positions inluded in the vertial segments being used for the bakgroundestimation, the index n runs on the number of �bres present and the indexm runs on the overlappingbluest orders to be onsidered simultaneously. The Siene frame S(x; y) in these equations is biasand dark subtrated, but has not yet been divided by the Full Slit Flat Field frame Fslit(x; y), asinter-order regions are used, and the division is expressed expliitly in the equations, where needed.The only di�erenes between this equation and equation 5.7 in setion 5.7.1 are the following:
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� in this �t, both the spetra and the parameters of the smooth surfae representing the bak-ground are varied simultaneously;� the spetra at di�erent x positions do not deouple in separate �ts, due to the ross termsoming from the bakground.It follows that the solution of this linear �t implies the inversion of a � 200�200 matrix (relativelyslow, but this does not loop over pixels and orders, it is done one for eah bakground estimation).Then �-lipping will be applied and the �t iterated until there are no new rejetions. This will beimplemented in a new C module of MIDAS, and will make use of some numerial library for thematrix inversion (endorsed by ESO, TBD).7.15 Optimal extration
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Figure 7.15: Optimal ExtrationPurpose:Optimal extration of the spetra from the n �bres with deblending and osmi ray hits rejetionUsed in:� step 3.10 (optimal extration)� step 4.6 (optimal extration)Inputs:1. Siene or alibration frame from whih the spetra are to be extrated2. bakground frame
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3. n single �bre Flat Field frames4. Orders/�bres table5. bad pixels maskOutputs:1. n frames ontaining the extrated spetra (pixel-order spae)Desription:As desribed in the doument (see setion 5.7.1), for any given x oordinate in a frame to beredued the ADUs an be represented as a linear ombination of the appropriate orders of thesingle �bre Flat Field frames plus a smooth (polynomial) bakground. For every x, separately fornon overlapping groups of orders, a linear least squares �t is performed on the relevant portion ofthe frame. Known bad pixels are not inluded in the �t. In this �t, only the spetra are varied,while the bakground, previously determined, is held �xed. This implies the inversion of an � 8�8matrix for every x of every non overlapping order, and possibly a � 32� 32 matrix for the groupof overlapping, bluest orders. Then �-lipping is applied, varianes reomputed and the �t iterateduntil there are no new rejetions. This will be implemented in a new C module of MIDAS, and willmake use of some numerial library for the matrix inversion (! endorsed by ESO, TBD).7.16 Determination of the dispersion relations
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relationsFigure 7.16: Determination of the dispersion relationsPurpose:Compute oeÆients of the wavelength dispersion relations
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Used in:� step 5.1Inputs:1. n redued Th-Ar spetra in pixel-order spae, one for eah �bre2. 1st guess preliminary wavelength dispersion relationOutputs:1. n tables, one for eah �bre, ontaining line identi�ations, plus the parameters of the relevantdispersion relation, stored in keywordsDesription:Format hek operation produes a raw approximation for the wavelength dispersion relation, by-passing any interative line identi�ation. This step, one �bre at a time, is idential to ordinarywavelength alibration in UVES in slit mode, and will therefore be performed by existing MIDASproedures, simply looping over �bres. This will require a trivial MIDAS wrapper proedure to beimplemented.7.17 Higher order orretion of the dispersion relations withsimultaneous alibration

line 

n line 

n

tables

line identification

Calibration 

table

Calibration

Simultaneous

identification

tables

identification

Figure 7.17: Higher order orretion simultaneous alibrationPurpose:Compute orretions to the oeÆients of the wavelength dispersion relations using the spetrumof the simultaneous alibration �bre
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Used in:� step 5.2Inputs:1. n tables, one for eah �bre in the Th-Ar alibration frame, ontaining line identi�ations, plusthe parameters of the relevant dispersion relation stored in keywords2. the table ontaining line identi�ations, plus the parameters of the relevant dispersion relationstored in keywords, derived from the simultaneous alibration �bre of a siene frameOutputs:1. n tables, one for eah �bre, ontaining line identi�ations, plus the orreted parameters ofthe relevant dispersion relation stored in keywordsDesription:Sine (in simultaneous alibration mode) the simultaneous alibration spetrum is present bothin the Th-Ar frame and in eah Siene frame, we get, from the wavelength alibration step, adispersion relation (a) from that �bre in the Th-Ar frame and another dispersion relation (b) fromthat same �bre in eah Siene frame. Their di�erene yields a wavelength dependent orretionthat has to be applied to all the dispersion relations derived from the Th-Ar frame. Sine thedispersion relations are in a polynomial form, this orretion an be most simply applied as anadditive orretion to eah of the oeÆients, the orretion being just the di�erene between theorresponding oeÆients of (b) and those of (a).This is a trivial task, and it may be easily implemented with a few MIDAS ommands.7.18 Rebinning of spetraPurpose:Moving a spetrum from pixel to wavelength spaeUsed in:� step 5.3Inputs:1. n Siene spetra in pixel-order spae2. n wavelength dispersion relationsOutputs:1. n Siene spetra in wavelength-order spae
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Figure 7.18: Rebinning of the spetraDesription:A rebinning proedure is used upon spetra whih have been extrated making use of a standard oroptimal proedure. A separate pixel to wavelength dispersion relation is used for eah �bre. Avail-able MIDAS proedures an be applied without modi�ations, implementing a MIDAS proedurethat loops over the whole set of �bres.7.19 Sky subtration from a Siene spetrum
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Removal of the sky ux ontribution from extrated spetraUsed in:� step 6.1Inputs:1. n� 1 Rebinned Siene spetra in wavelength-order spae2. Sky spetrum in wavelength-order spaeOutputs:1. n� 1 Siene spetra leaned from sky ux ontributionDesription:If the astronomer hose to devote a �bre to the measurement of the sky ux, this spetrum has beenextrated along with the remaining n� 1 siene spetra. All extration shemes produe spetraorreted for di�erent �bre throughputs and at �eld, therefore (unless vignetting is seletivelypresent on some of the �bres) the extrated sky spetrum an be plainly subtrated as it is fromsiene spetra. A simple MIDAS proedure will reognise the sky spetrum (if present) from adesriptor and subtrat it from the other n� 1 frames of the set.7.20 Order merging
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Figure 7.20: Merging of the orders in the spetrum of eah �brePurpose:To obtain a 1D spetrum for eah �bre
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Used in:� step 7.1Inputs:1. n Rebinned Siene spetraOutputs:1. n� 1 (or n, if no �bre was devoted to the sky) �nal 1D Siene spetra in wavelength spaeDesription:This step, one �bre at a time, is idential to ordinary order merging for UVES in slit mode, andwill therefore be performed by existing MIDAS proedures, simply looping over �bres. This willrequire a trivial MIDAS wrapper proedure to be implemented.

FLAMES-UVES Data Redution Software Design and Arhiteture Report



Do.: VLT-TRE-ITA-13750-0002 Issue: 2.1I-FLAMES DRS Team Unit: I-FLAMES DRS Setion: 8.0Date: November 13, 2000 Page: 85
8 Results from numerialexperiments on UVES test framesNumerial experiments have been performed, to test prototype data redution proedures oneptu-ally similar to those desribed in this doument. They are used to assess the feasibility of the hosenmethodologial approahes, and the requirements for their appliability.We have run sets of simulations of �bre-fed ehelle spetra of plausible astronomial targets (ontinuawith varying slopes, plus absorption/emission lines), with the following harateristis:� Simulated at-�eld and siene frames of size 1024�1024 pixels� Pixel-to-pixel variations (random �10%)� Hot pixels, at �xed and known positions (saturating the CCD)� Approximate blaze funtion (quadratially deaying from image entre)� A at, uniform aross the detetor, sattered light omponent� Eight �bres, with transmission variable from �bre to �bre� Fibre ross-dispersion pro�le as derived from �bre-fed UVES test data (gaussian onvolved withretangular � funtion)� Spetral line pro�le along dispersion is gaussian� Order positions and slopes following the ehelle rule� Poisson noise inluded in both at-�eld and siene simulated frames� Cosmi ray events added to siene frame, with all possible intensities up to saturation (10000events, 1-2 pixels long)The simulator inludes seletable parameters, that were set at the following values:� bluest (highest) order m0 = 102
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� starting y oordinate of order m0 = 90. pix� starting separation between bluest orders = 81. pix� slope of order m0 = 0.02807617� number of �bres = 8� width � of gaussian omponent of �bre pro�le = 1.9 pix (from test data)� width of �-funtion omponent of �bre pro�le = 0.9 pix (from test data)� inter-�bre spaing = 10.0 pix (from test data)� oeÆient of quadrati term of the blaze funtion = 2.e-6� sattered light = 100. ounts/pix� CCD saturation value = 1.e5 ounts� spetra line width (gaussian �) = 1.0 pix� frational deviation from linearity of CCD below saturation = 0.0Then we have proeeded as follows:� A prototype of our optimal-extration algorithm, outlined in setion 4.3.1, has then been run onthese simulated data, to extrat the spetra belonging to individual �bres. Partiular attention waspaid to obtain a good deonvolution between adjaent �bres; no provision has been however made(yet) for neighbouring interfering orders in the blue. Also the e�etive rejetion of osmi rays wasarefully heked. During the redution, quality ontrols suh as �2 and rejeted pixel frations(both order-by-order and overall) are printed out.� Next, the same redution method was applied to simulated data where a small shift was introdued,relative to the at-�eld frame used in the extration. These shifts are in the range 0.05-0.45 pixels,sampled in steps of 0.05 pixels.� Both previous steps (i.e. with and without shifts between at-�elds and siene data) have beenrepeated for simulated targets of di�erent SNRs. One simulation was made with all targets havinglow (� 20) SNR (per pixel), a seond one with all targets having medium-high (� 70) SNR, and athird one with all targets having very high (� 200) SNR. Finally, a further simulation was madewith targets spanning the whole SNR range from 20 to 200, distributed among the 8 �bres. Thislast test was made to test the extration in the worst ase of �bre ross-ontamination, namely asoure with SNR � 200 polluting a muh weaker neighbouring soure with SNR � 20.
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� Last, we have investigated the e�et of a broadening of the �bre image in the siene frame withrespet to the at-�elds (possibly arising from jitter during the exposure), yielding a slight mismathbetween the ross-dispersion PSF of siene and at-�elds frames, respetively. We have made suhtests using, as input, spetra of mixed-SNR targets. The test has been repeated for a broadeningwith a retangular pro�le of various widths (from 0.2 to 2.0 pixels), and with a double-peakedpro�le (peak separation 0.6 pixels).The results have been examined both visually, and with referene to the �2 statistis and rejeted pixelfration, resulting from the �tting. The detailed results are di�erent for di�erent SNRs of the targets,and we desribe them now:� Case of low SNR:1. No shift: In this ase, the main fator limiting auray is photon statistis. In spite of that,the results are satisfatory. Cosmi ray hits are rejeted eÆiently by optimal extration: atmost a dozen, mainly low-level events (out of 10000) are still visible in the redued spetra.We obtain an overall redued �2 � 0:68, and visual inspetion of the redued spetra doesnot show appreiable ross-ontamination between adjaent �bres (Figure 8.1). The frationof rejeted pixels is around 2%, exept in the bluest orders where ross-order ontamination(not dealt with still) is severe.2. With shift: Sine the dominant soure of error here is photon statistis, the redution is notvery sensitive to the systemati error introdued by a shift between at-�elds and siene data.In partiular, if we de�ne ��2 = �2(shift)� �2(shift = 0), we obtain a ��2 = 1 for a shiftof 0.35 pixels. This is the pratial appliability limit for our optimal extration proedure, inthe ase of low SNR spetra.� Case of medium-high SNR:1. No shift: In this ase the photon statistis is high enough to allow a muh more auratespetrum extration. For omparison, we show in Figure 8.2 the same spetral range as inFigure 8.1 (with the same input spetra). Cosmi ray hit rejetion is also better, with onlya ouple residual un-rejeted events out of 10000. With this photon statistis, systematierrors ome into play: while this is not the ase for inter-�bre ross-ontamination, whihis e�etively orreted, as shown, it is instead the ase for ross-order ontamination in theblue (see Figure 8.3, �bre #8). This orretion will be inluded in the �nal redution pro-gram. Figure 8.3 shows the impat of a missing de-ontamination: for �bre #8 absorption-lineequivalent widths are signi�antly redued, and the ontinuum misplaed (ompare with Fig-ure 8.2, where ross-�bre orretions are applied, and ross-order ontamination is zero: hereall equivalent widths may be measured reliably and the ontinuum level osillates around itstrue value).2. With shift: For medium-high SNR spetra, the redution is fairly sensitive to the systematierror introdued by a shift. We now obtain a ��2 = 1 for a shift of 0.15 pixels. To visualisethe degradation in the redued spetra as this shift inreases from 0.0 to 0.3 pixels, we report
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Figure 8.1: Example of low-SNR spetra, redued using optimal extration with �bre deonvolution(only �bres 1-4 are shown). Input spetra are plotted in blak, redued spetra in red (or gray for B/Wprinters). The deonvolution works well, despite the evident low SNR, as evidened by e.g. the intenseemission lines in �bre #2, that are ompletely rejeted from the redued spetra of neighbouring �bres #1and #3.
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Figure 8.2: Medium-high-SNR spetra, redued using optimal extration with �bre deonvolution (only�bres 1-4 are shown). The spetral range is the same as in Figure 8.1.
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Figure 8.3: Medium-high-SNR spetra, with �bre deonvolution but no ross-order deonvolution, showingthe e�et of a missing deonvolution on the redued spetra (espeially �bre #8, ontaminated by �bre #1of the neighbouring order).
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in Figure 8.4 a small setion of the extrated spetrum for a single �bre (after deonvolution):it is lear that while a shift up to 0.2 pixels is still tolerable (at least visually: the �2 may givea more stringent onstraint), a shift of 0.3 pixels produes an unaeptably noisy extratedspetrum, inluding pixels where the �t onverges at totally wrong values. This shows thatwhenever ��2 = 1 is signi�antly exeeded, the results are very unlikely to be aeptable.

FLAMES-UVES Data Redution Software Design and Arhiteture Report



Do.: VLT-TRE-ITA-13750-0002 Issue: 2.1I-FLAMES DRS Team Unit: I-FLAMES DRS Setion: 8.0Date: November 13, 2000 Page: 92

dispersion coordinate

co
un

ts
/p

ix
el

5000 5100 5200 5300 5400 5500

0
10

00
30

00
50

00
fiber nr. 6  - shift =  0  pixels

dispersion coordinate

co
un

ts
/p

ix
el

5000 5100 5200 5300 5400 5500

0
10

00
30

00
50

00

fiber nr. 6  - shift =  0.1  pixels

dispersion coordinate

co
un

ts
/p

ix
el

5000 5100 5200 5300 5400 5500

0
10

00
30

00
50

00

fiber nr. 6  - shift =  0.2  pixels

dispersion coordinate

co
un

ts
/p

ix
el

5000 5100 5200 5300 5400 5500

0
10

00
30

00
50

00

fiber nr. 6  - shift =  0.3  pixels

Figure 8.4: Example of redued medium-high-SNR spetra, with a variable amount of shift betweenat-�eld and siene data, as indiated.
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� Case of very high SNR:1. No shift: The best that an be obtained. Cosmi ray rejetion is virtually 100%. Statistialerrors are irrelevant, and �bre deonvolution very aurate (Figure 8.5, in the same spetralrange as before). Aordingly, systemati errors are exaerbated, and a missing (for the timebeing) blue ross-order deonvolution beomes ritial (Figure 8.6, �bre #8).2. With shift: Sine systemati errors are now extremely important, even a very small shift isnow ritial, In fat, we meet the ��2 = 1 ondition already for a shift of 0.05 pixels ! Whilethis is a very stringent onstraint, and may easily imply that new alibrations are to be takenfor eah siene exposure, having all �bres fed with very high SNR spetra will probably be arare ourrene. Therefore, suh tight onstraints will only rarely apply in pratie.� Case of mixed high and low SNR:1. No shift: This ase was heked in order to ensure that �bre deonvolution works even in themost unfavourable ondition where one high-SNR objet and one low-SNR objet are plaedin neighbouring �bres. Our test shows that it indeed works: as an extreme example, anobjet with a ontinuum level of � 800 ounts/pixel is plaed in �bre #6, next to a brighterobjet with ontinuum of � 50000 ounts/pixel in �bre #7, but the extrated (deonvolved)spetrum of the weaker one is entirely una�eted by the stronger one (Figure 8.7). The averageontinuum level of the weak objet is reovered orretly, and a bright emission line of thestronger objet has no visible e�et on the redued spetrum of the weaker objet.2. With shift: The sensitivity to shift in this mixed ase is not easily desribed by a simple ��2ondition. This is dominated entirely by the presene of the strongest objets (most sensitiveto systemati errors), and the appliability limit for ��2 = 1 may by as narrow as a maximumshift of 0.05-0.1 pixels. However, for most of the �bres the redution auray will be stillgood for larger shifts (0.1-0.2 pixels). The ultimate appliability range will therefore dependon the user hoie, aording to the priorities he/she assigns to individual targets.To summarise, we plot in Figure 8.8 the values of pixel shifts that are aeptable, in order not toexeed ��2 = 1, for di�erent SNR values. Before tests an be applied to real ommissioning data,with �nal �bres, this Figure may be used to estimate the expeted limits of appliability of our optimalextration proedure, allowing the user to take a deision when these onditions are not met, alreadybefore a omplete redution is performed.� Case of mixed high and low SNR, plus broadening:1. Retangular broadening: The simulated siene frames (eah inluding targets with SNR in thefull 20-200 range) have been onvolved with a broadening funtion, retangular with variouswidths, to simulate di�erent amounts of jitter during the siene exposure. The at-�eldframes have instead not been onvolved, sine the expeted jitter during a at-�eld exposure isexpeted to be negligible. We have then applied the redution using together onvolved sieneframe and un-onvolved at-�elds, and we have evaluated the goodness of the output redued
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Figure 8.5: High-SNR spetra, redued using optimal extration with �bre deonvolution (only �bres 1-4are shown). The spetral range is the same as in Figure 8.1.
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Figure 8.6: High-SNR spetra, with �bre deonvolution but no ross-order deonvolution, showing thee�et of a missing deonvolution on the redued spetra (espeially �bre #8, ontaminated by �bre #1of the neighbouring order).
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Figure 8.7: Mixed-SNR extrated spetra, with �bre deonvolution, showing the e�etiveness of thedeonvolution on the spetra of objets with very di�erent SNRs (see �bres #6 and #7).
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spetra, both in terms of overall �2 and rejeted pixel frations, and by visual inspetion of theredued spetra themselves. As a result, broadening widths in the range 0.2-0.5 pixels have anentirely negligible impat on the �nal redued spetra, for any SNR level, both using �2 anddiret inspetion; on the ontrary, a broadening of 2.0 pixels auses a notieable inrease in�2 (��2 > 1) and sensibly inaurate output spetra; the ase of 1.0 pixel broadening is theborderline ase, with �2 and output spetra still aeptable. Inauraies are most visible assystemati errors in the highest SNR spetra (SNR�200), and at most at a level of very fewperent (2-3%); it is worth notiing that the �t onverges everywhere, and no \razy" valuesare output in any part of the redued spetra. Therefore, a broadening of 1.0 pixels for the�bre images in the siene frames an be onsidered as the aeptability limit for our redutionmethod.2. Double-peaked broadening: We have also heked that, if the broadening is not a retangularfuntion (namely, uniform probability within two extremes), the aeptability threshold doesnot vary muh. As the opposite extreme, we have taken a broadening funtion made of twovery narrow peaks, spaed 0.6 pixels apart. After redution of the siene frames simulated inthis way, we obtain indeed results that are as aeptable as the 1.0 pixels uniform broadening.Therefore, also in this ase tolerane to broadening e�ets is not dramatially di�erent fromthe uniform broadening ase.Summarizing, the e�et of a broadening, aused by jitter during a siene exposure, is far less ritialfor our method than the e�et of an overall shift aross dispersion. Toleranes are far more relaxed, andif suh a broadening does not exeed 0.6-1.0 pixels, whatever its detailed distribution is, its impat onthe quality of the output spetra an be onsidered negligible, even if no orretion at all is applied toompensate it.
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Figure 8.8: plot of maximum aeptable shifts between at-�elds and siene data, as a funtion of theSNR of the target objets.
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