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1 Intr oduction

1.1 Purpose

This is a manualfor the CES pipeline. This manualshouldmale it possibleto run the pipeline without
problemsandto troubleshootn caseof problems.

1.2 Scope

Intendedfor CESSupportAstronomersandasareferencdor future pipelinedevelopment.

1.3 Referencedocuments

Thefollowing documentsrereferencedn thisdocument:

[1] The CESwebpages:

[2] TheCESUsersManual;3P6-MAN-ESO-90100-0004

[3] The CESCookbook;LSO-MAN-ES0O-90100-0007

[4] 'A beaginners guideto IRAF ' J.Barneg )
[5] Descriptionof the IRAF reidentifytask( )

1.4 Stylistic corventions
Italic is usedto highlightwords. is usedfor lenamesandfor commandso be enterednto ashell

(usuallyprependedy ). is alsousedto displayscreentext output. Bold is usedfor key-stroke
commands.
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2 Overview

The CES pipeline provides a quick way to checkthe quality of the dataon-line and provides nearscience
quality reduceddata. It is a backgroundaskrunningon the of ine datareductionterminal(w3p6of) sothe
dataareautomaticallyreducedanddisplayedin realtime. The programwill performbiassubtractiondark
correctionoptional at elding, andaccuratevavelengthcalibration.It will displaytheresultingspectrumin

unitsof S/N, providing animmediatemeasuref the dataquality.

2.1 Pipelinestructure

Theindividual tasksof thepipelinehave beenwrittenasIRAF routines(calledscripts) which arecalledfrom
perlscripts,calledby thecoreMIDAS program.The MIDAS coreis retainedonly for lack of time to malke a
completeport, but hopefullyoneday, someonavill make away with thatrelic!

Sect.5 outlinestheindividual stepsin thereductionprocessandlists the scriptsinvolved. Furtherdetailscan
be found in the README le ( ) and from the commentsn the
scripts.
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3 A walk-thr ough of pipeline operations

All operationgegardingthe pipelinetake placeon w3p6of in the directory
asuser . Make sureyou arein thatdirectorybeforeproceeding.

3.1 Necessarypreparations

The pipelineneedsa numberof calibration les to run properly Make surethatthe standardcalibrationset
(SCS)hasbeentaken beforestartingthe pipeline. It is not necessaryo copy or move les around,since
the pipelinetakescareof nding theappropriateles. Duringthe executionof the pipelinethe evironmental
variable  _ _ (thiswill becomeusefulto make the pipelinemoreportable)is needed Automatic
settingof this variableis still underdevelopmentsofor themomentit's suggestedio executethecommand:

If theervironmentalvariable  _ _ doesnt exist (andit mostlikely won't), you will be prompted
to createit manuallyby cuttingandpastingthe displayedext.

3.1.1 The parameter le

Thisis the le with whichyou cancontrolthe behaior of the pipeline,bothbeforeandduringexecution(see
alsoSect.3.3). Hereis asimpleexample:

Only the rst six linesareread,theremainingonesareignored.Themeaningof thelinesis thefollowing:

1. printer ag: 0 meansdo not print, 1 meansprint the S/N plot displayedin the main graphicwindow

( - )-

2. left edgeof thespectrunpro le. Thiswill beadjustedrom within thepipeline,soyoushouldjustleave
it asit is.

3. right edgeof pro le. Leaveit asit is.

4. atelding ag: 0 meangdont, 1 meansat eld with themaster at,if it hasbeenconstructedwill be
doneautomatically) if themasterat cannotbefound,this optionwill beignored.

5. startingwavelengthof zoomplot displayedin the second'small) graphicwindow ( -
). You shouldadjustthis beforestarting,but it canalsobe adjustedwvhile the pipelineis running.

6. endwavelengthof zoomplot.

3.1.2 Getting the dateright

The pipelinecanberunfor ary given date,not necessarilfhe currentone. To prepareo run for the current
date,issuethecommand



4 CESPipelineManual- 1.1 3P6-MAN-ESO-90100-0005

where is the dateat the beginning of the night (this is the sameprocedureas the off-line
executionthatyou can nd in Sect.3.5). This commandells the pipelineto take the datafrom the directory

. A simpleinspectionof the headerscan provide importantinformationsfor
the executionof the pipeline suchas the binning factor ( and ) andthe centralwavelength

( ).

3.1.3 The scheduler

Next you needto startthe programthat makes surethatall raw les areproperlyreducedandthe products
movedto their properplace.lssuethecommand

where is the binning of the imagesto be reduced(i.e. eitherl or 4) and is the centralwavelength(in
Angstrgm).

The pipelinewill only accepimagesof a givenbinningduringonereductionsessionall otherimagesbeing
silentlyignored.

Thewavelength mustcorrespondo oneof the les in thedirectory _ , otherwiseyouwill have
to identify linesanddeterminehedispersiorsolutionmanually

Never mind ary warningmessagegou may get. Actually, the only warningmessaggou cangetis because
you arerunningthe pipelineon anightthatis differentfrom theactualone. This doesnt stopthe pipelineand
canbesafelyignoredif you know whatyou aredoing.

3.2 Launching the pipeline

Now startthe pipelinewith

Fromnow on, the terminalin which the commancdhasbeengiven, will be referredto asthe “main pipeline
window”.

The pipelinewill startto make a standardeduction.You will be promptedwhetheryou preferto subtracta
dark (thedefaultchoice)or aback .

You will seesomegraphicswindows opening( - - _ andxgterm).Place
themcorveniently Now youwill have to de ne theimageslicerpro le andldentlfyllnesfor thewavelength
calibration.Both tasksaredoneinteractvely in IRAF 1 . Readthenext sectionfor consolation.

3.2.1 Interacting with IRAF

IRAF is not very dif cult to useand,in contrastto MIDAS, the syntaxis often quite clear However, the
interactve aspectof IRAF may take sometime to get usedto, sincethey often involve pressingkeys on
the keyboardratherthanmousebuttons. The following is an ultra-shortcrash-cours@n IRAF interaction—
enoughto survive. For in-depthreferencepleaseseethe IRAF documentatiorf4], which, in contrasto the
MIDAS documentationgontainsusefulandeasyto understandnformation.

1IRAF is distributedby the NationalOptical AstronomyObseratories which areoperatedy the Associationof Universitiesfor
Researclin Astronomy Inc., undercooperatre agreementith the NationalScience~oundationJ.S.A. For anintroduction,see[4]
or theIRAF webpageéhttp://iraf.noao.edu/
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Generallythe tasksof the pipelinepop up a white xgtermwindow (which will bereferredto as“IRAF win-

dow”), whereyou shouldentersometext (cut and pastefrom the main pipeline windowv accordingto the
instructions,in caseyou decideto typethingsin the xgterm, pleasebe awarethatthe tabbingdoesnt work
andto deletejnsteadof the , Youshoulduse , thatonsomekeyboardss alsocalled ).

In additionit mayalsopopup anotherplottingwindow in blackandgreencolors:the“irafterm”. Theirafterm
is the window whereyou will spendmostof your time. While it is active, dont try to enlage it dragging
its edgeswith the mouse(it doesnt work with somemachines).Neverthelesgshe maximizationbutton still

works (underLinux, is the smallsquarewith athick line atthetop, closeto the smallcrossat the upperright
of thewindow). Alwayspay attentionto wherethe mouseis — it jumpsbackandforth aswindows openand
close,sorestrictyourclicking! Especiallybecausgou're notsupposedo click atall!! Pleaseneverclosethe
iraftermby clicking onthe crossatthe upperright of thewindow, IRAF likesto closeit by itself.

In theiraftermyouwill in generapositionthe mousepointerandusea keybordkey insteadof a mouseclick.
Sometimegyouwill justusekeyboardkeys withoutregardto wherethe mousepointeris. You cangetashort
helpaboutthedifferentkeystrokesby typing “?".

3.2.2 De ning the aperture

Youwill seeawindony hamed‘cl”. Thisis the IRAF window, waiting for your input (thewhole pipelinecan
be run almostwithout typing but just copying andpastingwhat neededrom the main pipelinewindow) . In
themainpipelinewindow you will seethetext:

Do exactly whatyou aretold, i.e enterthe commandnto the IRAF window. NotethatwhenIRAF asksyou
somethingjt alsogivesyou a default answerin braclets. If the default answeris the sameyou would type,
justenter

Now the IRAF window will promptyou

Justhit return. Now aniraftermwill popup, shaving theslicerpro le. If someaperturesrealreadyde ned
it is agoodideato deletethem:go to theiraftermwith the mouseandtypea followed by d andthenr (select
all aperturesgeletethem,andredrav thegraph).Now positionthemousepointer(the cross)nearthehighest
sliceandtype m (mark). Next, positionpointerat the left edgeandtypel (for lower). Do the samefor the
upperlimit. .. Now quit andhit returnin responseo the questionaboutwriting to thedatabaseNow nd the
IRAF window andtype

After thatit will make the masterbias. Justwait for the newly openedwvindow to disappearagain. Thenyou
arereadyfor wavelengthcalibration.

3.2.3 Wavelengthcalibration

You arenow aslked
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Figure1: A screenshotof the pipeline during aperture de nition The greenand black window is the
“irafterm”, on the right the xgtermwith IRAF runningin it (the IRAF window), behindthe iraftermis the
main pipelinewindow, at the bottomthe two MIDAS graphicwindows. Pleasenote,thateachwindow has
threekeys at the upperright. They areusedto (from left to right): “iconize” the window, make the window
full screen(or makingthewindow “normal size” whenit's full screenlandclosingthewindow. Don't forget
to usethe “maximization” key, insteadof draggingthe edgesof thewindow, to enlagetheirafterm.
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andyou shouldobviously typeeither or followedby return.If you alreadydid the wavelengthcalibration
and,for somereasonarerestartingor re-reducingyou canentern. In this caseyou canskip the following
andgodirectly to 3.2.5. Otherwisetype . Now you getanothedRAF window, anda messagén the main
window saying:

So,do whatyou're told, andhit returnasresponseo the rst question.Now aniraftermwill shav you the
extractedThAr spectrum.

If yougavethe optionto theschedulefSect.3.1.3and5.1.1)with avalid centralwavelength you should
seesmallyellow linesover mostof the spectralinesanda x-axis shawving a reasonablevavelengthsolution.
In this casgusthit f andcheckthatthe RMS is lessthan5E-4,thenhit g twice andyou aredone.

3.2.4 Manual wavelengthcalibration

If the plot appearswith pixels insteadof wavelength,or if it cover a wrong wavelengthrangeand/orthere
aresmallyellow verticallines misalignedwith the emissiorlines,and/orthereis only very few smallyellow
lines,it meanghatanold and/orwrongsolutionis beingused.If thisis the caseyou have threechoices:

1. Checkif you have anothersolutionthatmay t better If thatis the casetype g andenter‘Q” when
asledto doso. Thenissuethecommand in anothewindow, andlogoutof theIRAF
sessior(type ). Now restartthe pipelinewith the new wavelengthsolution.

2. If therearesomelinesthatseemto be correctlyidenti ed, andthe wavelengthscaleseemto be close
to the correct,thenyou can startwith thoselines andfollow the instructionsbelov from “Fitting a
dispersiorsolution”, skippingthe marking of featuregwhich is the only really painful task). Evenso,
you maywantto deletesomeohviously misplacedeatures.

3. If thereis no othersolution, and the wavelengthscaleis wrong or is pixels, thenyou mustproceed
manually Firstinitialize everythingby typingi in theirafterm. Thenfollow theinstructionsbelow.

Marking features InthelRAF window youwill now seea brief helptext:

You probablyguessedhatthesearekeystrokes,andthatto mark aline you have to move the pointercloseto
it. Thiscanbetricky, soin orderto recognizehelinesusingthe CESThAr atlas,you mayhave to zoomthe
plot: positionthe pointer(the cross,the mouse,..) in the lower left cornerof the region you wantto zoom
on. Thenwindow the graph.You will seeatext messagsaying waiting for moreinput. Now type
e, andthe messagehangego , Somove the pointerto the upperright cornerof your desiredzoom
andhit e again.To zoomback,simply typew followed by a.

Whenyou have zoomedon a particularregion, placethe pointerover a line andtype m. If you wereclose
enoughasmallyellow line will apearovertheemissionline, indicatingthatthe positionof thatline hasbeen
determinedAt the bottomof thewindaw, it givesyou the coordinate®f theline andnow you mustenterthe
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wavelengthof theline followed by return.Repeathis for anumberof linesacrossherange,zoomingin and
outasneededYouwill needto identify atleastthreelinesbeforemoving onto the t. To deletea mark,type
d.

If youwantto verify the positionof a line you have alreadyselectedjust go closeto it andhit . This will

give you the positionin pixel, the wavelengthyou provided andthe wavelengthaccordingto theline list. To

move to thenext or to the previousline youidenti ed (andreadthe sameoutput),hit or , respectrely. The
(thatis usedfor similar purposesn similar IRAF tasks)doesnt work here.

Fitting a dispersionsolution Whenat leastthreelines have beenselectedzoomout, thentypef for t.
You will now seea plot of wavelengthresidualsversuswavelength,with RMS written nearthe top right
corner The t isinitially athird orderpolynomium.Now typeq to go backto the ThAr spectrumnow with
wavelengthcoordinatesCheckthatthe coordinatesrereasonable— if not, typei to initialize andstartover,
this time including morelines. If everythingis OK, typel andit will automatically nd andidentify more
lines.

Now typef to go backto the t, which mayneedadjustmennow: To deletea point, placethe pointernear
it andtyped, thenf againto re t. To changethe polynomiumordertype:order 4 (or 5) followed by return,
thenf tore t. Wheneverythinglooks OK andRMS is lessthan5 10 4 thentype g onceto go backto the
line-identi cation window anda secondimeto quit thetaskatall. For a detailedmanualof thistask,see[5].

In the“cl” window you arenow asled

Justhit return.Next you areasled

If youdo nottype“Q” followed by return,you will have to go throughit all oncemore. If thereweremore
thanonearcspectruntaken,youwill now be presentedor solutionsfor the otherones basedn thesolution
you just obtained.They shouldlook OK, but you maywantto checkthe RMS (typef, thenq). To accepthe
solution,typeg.

Now you getbackthe prompt,soremembeto write to closethewindow.

That'sit — thepipelineis now running! Reducedpectrandthelog le canbefoundin

3.2.5 Resolutionestimate

After asuccessfulvavelengthcalibration theresolutionis automaticallycalculated Needdehugging — pend-
ing. Currentlydisabled. THD

3.3 On-the-y adjustments
As mentionedyou canedit the le (seeSect.3.1.1)at ary time, e.g.,changing at elding
andprinting optionsandadjustingthe plot rangeof the smallgraphicsvindow.

If youwantto rereducesomeimages(e.g.,afteradjusting at elding option) simply addthe lename to the
le e.g.,by typing
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Figure2: The pipeline working. At the upperleft the main pipelinewindow, at the lower left the whole
spectrumand,on theright, thezoomwindow (emptysincethe userde ned badlimits in the
le.
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3.4 Stoppingthe pipeline

Simple! In ary otherwindow, give thecommand

andwait for all processeto stopandMIDAS to die.

3.5 Running the pipeline off-line

Easy!Follow the sameinstructionsasfor the on-linereductionsput with thefollowing changes:

setthe properdatewith

Before startingthe schedulercheckwhich dark/backis the properoneto be used,andif it isn't the
latestone,starttheschedulewith the  option,e.g.:
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4 Troubleshooting

The pipeline was stoppedand now | cannotrestart Someof the schedulerles (seeSect.5) may have
beenmixedup or maybedeleted.Try killing thescheduleprocessthenissuethe command

andstartall over.

| try to stopthe pipeline, but somethingkeepshanging Probablysome les wereaccidentalydeletedand
the programkeepswaiting for non-«isting processe$o nish. Control-Cusuallycuresit. If you wantto
restartjustcheckthatschedulerles areOK.
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5 Structure breakdown and reduction steps

5.1 Background and auxillaries
5.1.1 Scheduler

createaanduseshefollowing three les for queueingmagesfor reduction:

In additionthe following housekeping les, whicharenotupdatedduringrun, arecreated:

The programacceptghe switches , and , which have asargumentthe allowed binning, the central
wavelengthandthe Dark frameto beused.The  switchis optional,andif setwill createa le
with thename.The is optionalandwill resultin a le with thewavelength.

5.1.2 Other scripts

checksthe presenceof the ervironmentalvariable _ . If this variable
doesnt exist, fails andthe pipelinecannotrun.
writestheinput dateto le . Theoption  will queryfor thedate.The le

determineshe datedirectorythatwill bereducedi.e.

stopsthe pipeline using the PID of the schedulerwhich it kills. It theneditsthe le
thatthe MIDAS corescriptwill readandexit upon,calling the script. It then
waitsfor the completionof thatscriptandthenkills ary leftover MIDAS processes.

removesall thejunk. Takesoptions and for notcopyinglog les to ,
andfor remaving alsoschedulerles. Mustbe calledwith full path— youwill betold if youneedto do so!

5.2 Pre-reduction (calibrations)

This sectionpresentsan outline of the stepstaken to preparethe necessaryalibrationsfor the reductionof
spectra.

5.2.1 Master dark

The pipelinewill promptfor the useof eitherlatestDark or Back frame,unlessthe  optionwasgivento
. Seescript . DarksandBacksaregeneratean a regular basisusingthe script
(not partof thepipeline).
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5.2.2 Master bias

Theremustbeatleast ve biasframesavailableon the currentnight beforethe pipelinewill run. If missing,
theuserwill be promptedor analternatve mastetbias,aretry, or for aborting.Seescript

5.2.3 Master at

If atleast ve ats areavailableonthecurrentnight,thenamasterat eld is createdlIf not,thenthe at eld
optionin will besetto 0.

Themasterat is currentlyconstructedby simpleaveragingof theavailableframesandsubsequergxtraction.
This canandshouldbeimproved. Seescript for details.

5.2.4 Prole de nition

Oneof the at elds will beusedto de ne theupperandlower limits to theimageslicerpro le. See
andSect.3.2.2for details.

5.2.5 Wavelengthsolution

See andSect.3.2.3for details.Obviously, thereneedto besomeThAr framesavailable,otherwisehe
pipelinewill stop. Thedispersiorsolutionwill be storedin the directory . Previous solutionsare
storedin _ from wherethey areusedto generatéhe IRAF _ - le inthe

directory If the solutionfor the setupis not availablethe SA will have to do a manualdispersion
solutionfollowing the procedurén Sect.3.2.4.

5.3 Reduction (scienceframes)

Whenall the preparationsutlinedin the previoius sectionhave completedthe pipelineentershe mainloop

in the core MIDAS program(called ). The programcalls the script which checksthe
gueueles (Sect.3.1.3)every 30secandexits whenanew spectruris readyto be proceseafterupdatingthe
gueueles. Thenameof the spectrumnto bereduceds copiedto the le . Thenthefollowing
stepsareperformed:

1. Cosmicremoval with a syntacticallysimpleMIDAS command..
. biascorrectionafterscalingof the overscanseeCESUsersManual)

. darkcorrectionafterscalingof exposuretime

2
3
4. extractionof spectrunwith therelevantpro le limits
5. divideby ateld if thatoptionis turnedon

6

. correctheaderanddo dispersiorcorrection(seescript ~ _ for detalils).

5.4 Post-processing

1. calculateanddisplaythe S/N ratio

2. movethereducedspectrunto (seele for details).

__000___



