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Chapter 1

Introduction

This reporton themid-infraredinterferometricinstrumentfor theVLTI (“MIDI”) follows the
requestthatthesteeringcommitteeebeprovided,for its plannedmeetingof December9, 1997,
with moredetailedopticaldesignsandcostestimatesfor the four interferometricinstruments
currentlyunderdiscussion.

This is thesecondreportpreparedby theworking groupfor the“MIDI” instrument.It up-
datesthe informationgiven in the previousreportfor the ISAC meetingon July 15, 1997. It
concentrateson thetechnicalaspectsof theinstrumentanddoesnot repeattheproposedscien-
tific programmesdiscussedin July.

Thisdocumentdoesnotrepresentaformalmilestonefor thedevelopmentof themid-infrared
interferometricinstrument.Ratherit describesthepresentstatusof theongoingwork towardsa
preliminarydesignfor this instrument.

Thestudygroupwill betransformedinto aninstrumentteamin duetime. As shownin the
authorlist, theMax-Planck-Institutfür Astronomiehasidentifiedthepersonswho mainly are
responsiblefor carryingthroughthisbeginningproject.
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Chapter 2

Extended summary

Additional informationon theinstrumentcanbefoundin thestudygroupreportto ISAC from
July13,1997.

2.1 Priorities

Theprioritieshavenot changedsinceJuly:

– Themainemphasisis on developingan instrumentworking in the10 J m window with
onebaseline,measuringvisibilities. Themeasuringmodesincludeoneaimingat good
sensitivity, sacrificingaccuracy;oneaimingat goodaccuracyat theexpenseof reduced
sensistivity;andat leastoneintermediatearrangement.

– A naturalenhancementof thecapabilitiesof theinstrumentwouldbetheextensionto the
20 J m rangeandto higherspectralresolution.TheDutchmembersof thestudygroupare
activelyseekingthefundsnecessaryto implementtheseoptionsearlyin theproject.

– For a secondphaseof the instrumentdevelopmentwe considerit necessaryto provide
phasemeasurements:eitherby phaseclosuremeasurementswith at leastthreeinput tele-
scopebeamsor by tying the10 J m instrumentto theexternalphase-referencinginstru-
ment,or by bothmethods.At thisstagealsothesimultaneoususeof four telescopeswill
beconsidered.
Externalfringe trackingishighlydesired.Forall sourceswith suitablespectrumandgeom-
etry it shouldprovidesubstantialgainsin sensitivity. We will try to havethis possibility
availablealreadyduringthefirst phaseof instrumentoperation.

2.2 Optical design

In general, theopticaldesignfor themid-infraredinterferometricinstrumenthasto providethe
following functions:

– to acceptbeamsof 80mmdiameter,

7



8 CHAPTER2. EXTENDEDSUMMARY

– animageplaneon thedetector,

– thebeamcombinationnot too far from thepupil plane,

– verygoodsuppressionof thermalemissionfromthesurroundingsin laboratory, delaylines
andtelescopes,

– animagesharpnesswhichputsmostof thelight ononepixel (to reducereadoutnoise),

– thepossibilityto introducemonomodefibersfor beamcleaning,

– thepossibilityto extractphotometricsignalsbeforebeamcombination,

– light inputsfor verifying theinterferometricoperationof theinstrumentat10 J m,

– acceptablecomplexityandpreferablycompactdesign,

– to allow - in principle- theinclusionof a third andforth beamfor phaseclosuremeasure-
ments.

Thestudiesperformedso far haveshownthatsatisfyingsolutionscanbe foundbothwith
reflectiveandandwith transmissiveoptics,which is an importantresult. The presentdesign
(chapter4) in additionkeepstheoptionto usemostof theoptical train bothfor 10 J m andfor
20 J m observations,andit thereforemostlyusesreflectiveoptics.We still arediscussinghow
muchwegainononesideandhowmuchwe loseon theothersideby makingsimultaneous10J m and20 J m observationspossible.In anycase,adedicated,sensitive10 J m channelwill be
availablein theinstrument.

For phaseclosuremeasurementswith threeor four beams,theopticsusedfor beamconbi-
nationandimagingontothedetectorwill haveto undergoprofoundchanges.

2.3 Detector

Array detectorsof theneededdimensionsof a few hundredpixelsareavailable.Somewhatsur-
prisingly, readoutnoiseis not necessarilynegligibleevenin thehigh backgroundenvironment
of theVLTI in thethermalinfrared. This resultsfrom thelimited well capacityof K 10L elec-
tronsfor the availabledetectorchips. We plan to buy the “sciencegrade”detectorlate in the
projectin orderto profit from expectedimprovementsin well capacityandreadoutnoise.Be-
fore,we intendto use“engineeringtype” detectorsof lowerquality for thedevelopmentof the
instrument.

2.4 Technical realisation

Wewantto profit asmuchaspossiblefrom severalprojectsrunningat theMax-Planck-Institut
für Astronomie:

– MAX – a10 J m camerafor UKIRT
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– CONICA – thenear-infraredhighspatialresolutioncamerafor theVLT

– OMEGA – two 1kx1knear-infraredarraycameraswith flexible readoutelectronics

In particular, thecryogenicsconceptandthe instrumentcontrolsystemproposedin largepart
areadaptationsof thesolutionsfoundfor CONICA. Thereadoutelectronicsdevelopedfor the
OMEGA projectsis flexibleenoughto beusedalsofor the“MIDI” instrument,andtheexperi-
encewith theMAX arrayonthebehaviourandcharacteristicsof measured10 J m signalsis the
basisonwhich thedifferentmeasuringmodesarebeingbuilt.

Theconceptfor datatransfer, computingandcomputercontrol is not anattemptto find a
“best” solutionto a well specifiedproblem.Ratherit is tailoredto beableto handletheantici-
patedamountof datatakingandcomputing,andotherwiseto beasopenandflexibleaspossible
with respectto theongoingandfuturedevelopmentsof measuringmodesandinstrumentoper-
ation. It is built arounda fastPCD-60parallelI/O interfaceanda Sparc30work station,andit
is plannedto allow standardinterfacingwith theESO-VLTI systemusingVME-bus.

2.5 Data analysis

Becauseof unpredictablechangesin theflat field of the10 J m cameraknownto us(MAX), we
concentrateon fringe analysisby opticalpathlengthscanningwith anamplitudeof M to a few

M . This is similar to theanalysisusedin theMark III optical interferometeron Mount Wilson
(Shaoetal. A&A 193, 357,1988).In addition,Fourier(speckle)techniqueswill beconsidered.

2.6 Tests

We think it necessaryto havethe mid-interferometricinstrumentoperationalbeforegoing to
Paranal.Themaintestsenvisagedto achievethisgoalare

– 10 J m observationswith thecameraMAX onUKIRT to confirmthesensitivityestimates
andto obtain- hopefullyrealistic- examplesof data,

– laboratoryexperimentswith aMach-Zehnderinterferometersetupto testopticalcompo-
nents, datatakingmodesandtheintegratedinterferometricinstrument,

– instrumentsetupandpreliminarycommissioningon Paranalwith thehelpof siderostats
of sufficientsize.

2.7 Interfaces with ESO

At present,themainpointsof interactionare

– our requestto providesiderostatsof sufficient size( N 20 cm diameter;20 cm beingthe
bare minimum,andassuchprobablyvery inefficient,costlyandtimeconsuming),
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– our needfor synchronouschoppingandnoddingof the telescopesinvolvedin the inter-
ferometricmeasurement,in orderto calibratephotometricallytheobservedfringeampli-
tudes,

– theclarificationof whatactuallytheinput beamsinto the“MIDI” instrumentwill befor
differentkinds of sources.We recommendthat ESOinitiate andharmonisethe neces-
sarydiscussions,includingthequestionwhethersomefunctions(e.g.beamcompression)
shouldbeperformedcentrally, oncefor all of theinterferometricinstruments.

2.8 Schedule

Internally to theMax-Planck-Institutfür Astronomietheprojectstartedon June9 of this year
with thenominationof UweGraserasprojectmanagerandChristophLeinertasprojectscientist.
The first moneyfor this projectis beingspentin 1997. At present,we plan to ship the mid-
interferometricinstrumentto Paranalat theendof theyear2000.

2.9 Needed manpower, costs, resources

Weestimatethata totalof 15manyearswill benecessaryto developthemid-infraredinterfero-
metricinstrumentin theversiondescribefin this report.

Thetotal costsareestimatedto about1.5 million DM. This costestimatedoesnot include
spares,nor doesit includetravelcoststo Paranalfor testing,commissioningor observingwith
theinstrument.WeassumethatESOwill betakingoverthesetravelcosts.

ApartfromtheMax-Plamck-InstitutfürAstronomiethefollowing institutionshaveindicated
thattheycouldcontributeto theproject:

– thedutchparticipants,if their applicationfor a largergrantfor participationin theVLTI
will besuccessful.Thiswill bedecidedbeforeMay 1998.

– theKiepenheuerInstitutfür Sonnenphysikin Freiburg with manpowerandmonetarycon-
tributionsfrom its annualbudget.

– MeudonObservatorywith manpowerandaplannedfinancialcontributionof theorderof
150000.-DM. Theemphasisfor thecontributionsis on thetopicsof internaldelaylines,
spatialfiltering anddataanalysissoftware.

– theLandessternwarteThüringenwith manpoweronly.

2.10 Open problems

This list givesthestatus,asof todayandnotnecessarilycomplete.

– specificationof theinputbeams

– propertiesof beamsplitters/beamcombiners
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– antireflexcoatingsfor KRS5or othermaterialstransmittingfrom 8 J m to 26 J m

– influenceof diffractionon thermalbackground

– alignmentprocedure,includingmechanicalalignmentwith theoutputpupilsof theVLTI

– inclusionof third andfourth telescopebeams

– interferometricverificationof theinstrument

– implicationsof differentbeamdiametersfrom UTsandATs

– inclusionof the20 J m measurements;simultaneousmeasurements?

– verificationof sensitivityandlimiting magnitude

– metrology;tying “MIDI” to theotherVLTI instrumentsandto thefringe tracker;theas-
sumptionis thatESOwill providethenecesssarymetrologybeams.

– effectivenessof theclosedcyclecooler

– mechanicaldisturbanceintroducedby theclosed-cyclecooler

Partof thesequestionsis presentlyunderactiveinvestigation.In our opinionthis list of open
problemsallowsus to beconfidentthatwe will beableto providea functioningmid-infrared
interferometricinstrumentfor theVLTI.



Chapter 3

Main characteristics of the instrument

3.1 Basic parameters

Wavelengthcoverage 10 J m band(8 J m - 13 J m)
expandableto 20 J m band(17 J - 26 J m)

Fieldof view O 1P P (for objectacquisition)

Airy diskUTs at10 J m 0.26P P (for measuring)
ATs at10 J m 1.14P P (for measuring)

Coherencetime at10 J m 100ms(for fringemeasurement,
fringemotion Q 1 J m)

AtmosphericOPDjitter rms 22 J m (at10 J m)
p-p 66 J m (at10 J m)

Differentialdispersion in 100mof air 0.9 J m (10 J m to 20 J m)
46 J m (1.6 J m to 10 J m)

Atmosphericstability for chopping 200ms

Inputbeamdiameter from UTs 80mm
from ATs 18mm

Pixelsize of detector 50 J m

Limiting magnitudeUTs at10 J m 5.0mag(low accuracymode)
ATs at10 J m 1.8mag(low accuracymode)

12
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3.2 Observing modes and measuring modes

For easyreference,thesemodesareshortly repeatedherefrom thedocumentpresentedat the
ISAC meetingof July15,1997.

3.2.1 Observing modes

This refersto themethodsto determinethefringecontrast.

– “shift and add” mode: afringemeasurementis possiblewithin thecoherencetimeof 100
ms. In this bright sourcemode,the instrumentcouldin principletrackthefringesby its
own.

– “speckle” mode: powerspectrumaveragingovermanyindividual short(100ms)expo-
suresshouldrecoverarangeof fringesignalswhicharetooweakto befoundin the“shift
andadd”method.

– “blind integration” or “fringe stabilised” mode: for this faint sourcemodethe fringes
haveto bestabilisedexternally(by a fringe trackeror by oneof theotherinstruments),
andit hasto beassuredthatthefringeswill bestabilisedalsoinsidetheinstrument.Then
theindividualshortexposurescanbeaveragedcoherentlybystackingtheexposures.This
is themostsensitivemodeof theinstrument.
Internallyin theinstrument,if simultaneous10 J mand20 J mmeasurementsarepossible,
thene.g. the10 J m channelcouldbeusedto stabilisethefringesfor the20 J m measure-
ment.Theatmosphericdispersionis smallenough(0.9 J m over100m of air between10J m and20 J m) to allow simultaneousmeasurementsin thesewavelengthbands.

3.2.2 Measuring modes

Thisrefersto calibratingthefringeamplitudesin termsof visibilities,andit requiresto measure
thetotal flux of thesource(asopposedto thecorrelatedflux giving thefringeamplitude).The
totalflux measurementrequirestheusualinfraredtechniquesof choppingandnoddingwith the
telescopes.Thishelpsoverthedifficultiesthatthemid-infrareddetectorarrayflat fieldsarenon-
linear, loaddependentandvariablewith time.

– “unfiltered” mode: themeasurementof fringe amplitudeis continuedfor a while (a few
minutes),thenthenextfew minutesareusedfor adeterminationof theflux of thesource.
Thissequenceis repeatedasnecessary. No spatialfiltering is appliedto thebeamsbefore
beamcombination.In thismode,fringerecoveryis necessaryonly onceevery10minutes
or so. Visibilities arecalculatedfrom the averageson correlatedanduncorrelatedflux.
Theresultingaccuracyin visibility is estimatedto be5%- 10%.

– “filtered” mode: to reducethephasefluctuationsin thebeams,aspatialfilter is introduced
intoeachbeambeforebeamcombination.Thefringesignalismeasuredfor onecoherence
time only. Choppingallowsto measurethebackgroundflux duringthefollowing coher-
encetime, andthis sequenceis repeatedmanytimes. It maybenecessaryto recoveror
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evenfind the fringesagainaftereachchopping. In this mode,it is againthe combined
flux of thetwo beamswhichis measured.Visibility is calculatedby applyingacorrection
for thevaryingflux enteringthroughthespatialfilterson thebasisof thiscombinedflux.
Theresultingaccuracyis estimatedto bea few percent.

– “filtered and referenced” mode: similar to the“filtered” mode,but afterthespatialfilter
andbeforebeamcombinationpartof thelight in eachbeamis extractedfor separatepho-
tometry. Thevisibility measurementsthenarecorrectedfor thevaryingflux throughthe
spatialfilters on thebasisof the individual flux measurementsperbeam.This allowsto
evaluatethegeometricalmeanof theindividual fluxes,which is neededfor thetruecor-
rection.Theresultingaccuracyin visibility is estimatedto be K 1%. (At 2 J m, with the
correspondingmodeat theIOTA interferometer, even0.3%havebeenreachedoccasion-
ally).

3.3 Source finding

Weconsiderhavinganimagingmode,with thebeamsuitablyattenuatedin thecold,to find the
sourceandtocenterit onthedetectorarray. Forthismode,thegrismis removedfromtheoptical
path.Choppingis required.

Forfaint sourcesblindacquisitionswith theoffsetsobtainedonanearbybrightersourcewill
beapplied.

3.4 Fringe finding

3.4.1 Active fringe finding

In theinstrumentslowchangesof theopticalpathdifference(OPD)within arangeof about1cm
areforeseen.Sucha wide rangefor theadjustmentof theopticalpathdifferenceis considered
necessaryfor the initial setupof theinstrument.It alsoallowsto explorea saferangeof OPD
whensearchingfor thefringesat thebeginningof anight.

3.4.2 Adaptive fringe finding

A suitablemethodhasto beestablishedbasedontheactualperformanceof theinstrument.One
possibilitywould be to scana rangeof K 100 J m of opticalpathdifference(OPD),which is
largerthantheexpectedpeak-topeakrangeof fringemotion( K 60 J m). Thereforethefringes,
if presentin thisrange,wouldnotleaveit duringthesearchscan.Thissearchscanshouldbeper-
formedatthenominalspeedusedfor measurements,namely100msperOPDchangeof 10 J m.
Duringeach10 J mintervalof OPDwewouldbelookingfor thewhitelight fringe. Thefull scan
will lastlongerthanthecoherencetime,butthefringecrossingtimewill beless.With real-time
dataprocessingappearanceof thefringe within oneof the10 J m OPDsubunitscanberecog-
nisedwithin theorderof acoherencetime. Thenthefringehasnotyetmovedby morethanone
tenthor two tenthsof awavelengthsincethedetection.Thesearchscancanbeinterrrupted,and
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with oneor two iterationsonashorterscanwindowtheappropriateexperiment-internalsetting
of theOPDcanbedetermined.

3.4.3 Fringe recovery

An exploratorymodulationcycleaftereachchoppingduringaninterferometricmeasurementto
verify thatthefringesignalis still present.If not, fringefindinghasto bedone.

3.4.4 Fringe tracking, “Shift-and-add”

This is theobservingmodefor bright sources.Thefringe signalfrom thesourceitself is used
to keepthe fringeswithin the modulationrangeof 10 J m to 20 J m OPD.The fringe signals
subsequentlycanbeaddedin phaseto improvethesignal-tonoiseratio.

3.5 Alignment and calibration

3.5.1 Alignment

With progressontheopticaldesignwewill determinethecomponentsto bealignedandproce-
duresto actuallyperformthealignment.Alignmentwill bepartof thelaboratorytests.

3.5.2 Fringe amplitude calibration

Weplanto measurethemodulationtransferefficiencyof theinstrumentfor interferencefringes
by sendingin light backwardsfrom onearmbehindthebeamcombiner. After retroreflectionat
theentranceof theinstrument,themodulationof theinterferometricsignalis to bemeasuredin
theotherinterferometricoutput.

3.5.3 Visibility calibration

Internallyby photometryof theastronomicalsourcebeingmeasured.
Externallyby themeasurementof calibrators(sourceswith knownvisibility).

3.5.4 Tying in with other VLTI instruments

This requiresmoderateaccuracymetrology( O 1 J m) andhasto bediscussedanddefined.It
canconsiderablyenhancethesensitivityof themid-infraredinterferometricinstrumentandcan
allow to usephasereferencingfor thephasemeasurements.

3.6 Distribution of the signal on the detector

Weassumeareadoutfrequencyof thedetectorof onceevery25ms,asusedfor theestimatesof
limiting magnitudeonpages32/33of theJuly reportto ISAC.
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Thenwe expectabackgroundsignalat10 J m of 1.5R 10S photoelectronsperAiry diskper
readout.Theshotnoiseof this signalis larger thanthesignalexpectedfrom a 100Jy source.
Theinstrumentthereforeappearssafelybackgroundlimited in almostall cases.

However, theexpectedwell capacityof the10 J m arraydetectorsis not largerthan1.5R 10L
electrons.We assumethat this capacityshouldnot be usedto morethan K 50 % in orderto
avoidunlinearityeffects. This leavesuswith a usablewell capacityof about8 R 10T electrons
perpixelperreadout.Wehavetospreadthesignalover K 200pixelsbecauseof thelimitedpixel
capacity. This spreadingwill bedoneby spectraldispersion.Thelongdimensionof theSBRC
arraydetectoris 320pixels. If we assumethat90 % of thelight of anAiry disk areimagedon
onepixel, andthat this light is spectrallydispersedover the long dimensionof this chip, then
4.7R 10T backgroundelectronsperpixel per readoutresult. The readoutnoiseof the detector
thenincreasesthetotalnoiseby 10%.

This is acceptable,but theexampleshowsthatwe arecloseto thesituationwherereadout
noisestartsbeingimportant.Imperfectionsin theinstrumentmaydistributetheflux fromanAiry
diskovermorepixelsthananticipated,increasingtheimportanceof readnoise.Andif weextract
photometricbeamsbeforebeamcombination,putting20%or lessinto thephotometricchannel,
thenthesephotometricsignalsalreadywill bedominatedby readnoise. Improvementsin the
readnoiseof theavailable10 J m detectorsthereforewould helptheinstrumentanddefinitely
arewanted.



Chapter 4

Optical design

4.1 General concept

TheMIDI imagingopticsis built up asfar aspossibleby reflectivecomponentsto makesure
thatthewholewavelengthbandfrom 5 J m to 25 J m will beavailablewithout theneedof ex-
changingintermediateimagingcomponents.Theonly dioptrical imagingcomponentsarethe
camerasystemsthemselveswhichprovidetheshortfocallengthimagingof thecombinedcolli-
matedbeamsontothedetector(seeFigs.4.1-4.4). Theentrancepupilsof 80mmdiameterare
providedby thetelescopesystem.Theyareseparatedhorizontallyby 100mm.Thesepupilsare
reducedin afirst stepby a factorof 8 for bothbeamsto becombined.Thefollowing delayline
is realizedby fourflat reflections.Directlyafterthedelaylinesthebeamis enteringthecryostat.
Thus,thefollowing opticsis cooledto cryogenictemperaturesof about70K.

An off-axis paraboloidwill imagethe telescopefocusinto the first imageplaneof MIDI,
wherespatialfiltering by pinholescanbe provided. In orderto createthe spacenecessaryto
introduceapieceof monomodefiberfor spatialfiltering,anellipticalor toroidalmirrorprovides
asecondimageplanenearby, which is identicalto thefirst oneconcerningtheimagescale.An
off-axis paraboloidre-collimatesthebeam.After thesecondparaboloidthereis somespaceto
insertawavelengthbeam-splitterto providein parallela10J m anda20J mchannel.At present,
we proposeonesinglechannel,the optical componentsof which canbeexchangedto switch
from oneto the otherwavelengthband. In placeof the optionaldichroic mirror a solid gold
mirror (45U ) is used.

Thefollowing beamcombinerprovidestwo combinedbeams,bothof which will penetrate
thesamegrismandcamerasystemThecamerawill providetwo combinedbeamimagesonthe
samedetector.

Forbothbeamsa K 20%photometricbeamcanbeseparatedbeforethetwo beamsarecom-
bined.Theyarealsoimagedontothesamedetector.

An overviewof themainopticalparametersof theimagingsystemis givenin Tab.4.1

17
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Figure4.1: Three-dimensionalrepresentationof oneof the two interferingbeams.Thebeam
combineris theupperoneof thetwo flat reflectingelementsleft of theparaboloids.
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Figure4.2: Sideview representationof onebeam. The beamcombineris wherethe upward
goingbeamseeminglyends.Thedetectorpositionis indicatedby thecross.
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Figure4.3: Top-viewrepresentationof onebeam.Thebeamcombineris right of uppercenter,
wherethetwo rectanglesoverlap.
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Figure4.4: Front-viewrepresentationof onebeam. The beamcombineris at upperleft, the
detectoratupperright.
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Table4.1: Main parametersof theimagingOptics(Grismincluded)

InputPupilDiameter: 80mm
Separationof Inputpupils: 100mm

Reductor: factor1/8,CassegrainSystem
Delayline: 160mm,4 mirrors

Entrancewindow: 10mmKRS-5
Firstparaboloid f = 100mm
scalefirst focus: f/10, 2.58arcsec/mm

FWHM of 10 J m diffraction: 100 J m
Ellipsoidor toroid: 1:1
Secondparaboloid identicalto first one

Beamsplitter 10 J m and20 J m in parallelor alternatively
Beamcombiner: 10 J m and20 J m in parallelor alternatively

Grism 33.2U KRS-5,37.5lines/mm
secondorder:8–13 J m, first oder:16–26J m
resolution:443perpixel

Cameras 10 J m: 2 lensesGe,20 J m: 2 lensesKRS-5
Imagescale: f = 25 mm, f/2.5, FWHM airy disk: 25 J m(10J m)

Total focal length: 200mm

4.2 Imaging quality

4.2.1 The intermediate foci

Two intermediatefoci areavailable:Pinholesor a fiber-link canbeusedto cleanthebeamsto
allow a moreaccuratemeasurementof the visibilities. The imagequality for the two foci is
presentedby Figures4.5,4.6,4.7and4.8.

4.3 Design of the camera system

Both for the10 J m andthe20 J m window a camerasystemhasbeendesignedthat fulfils our
requirements.Theeffectivefocal lengthis 25mmandtheminimumStrehlratio is about80%.

Toobtainthisimagequalityevenfor spectroscopicapplicationuptotheedgesof thedetector,
at leasttwo lensesarenecessary. Herewe concentrateon the10 J m band.Thecamerafor this
wavelengthregionis built upby two Germaniumlenses(seeFig. 4.9)whichcanbeantireflex-
coatedup to a high degreeof transmission(betterthan98%per lens). A possiblesolutionfor
the20 J m region(notshownhere)couldbebuilt up from two KRS-5lensesof similarshape.
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Figure4.5: Spotdiagramatthefirst focusonaxisandfor threefield anglesupto theedgeof the
FOV. Fromleft to right: fivefocuspositions,seevaluesin mmgivenontopof thediagram.From
topto bottom:four field angles,givenas“Y” belowthediagramin degrees,andcorresponding
to 0P P , O 0.72P P , O 1.08P P and O 1.55P P on thesky.
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Figure4.6: Pointspreadfunctionatthefirst focusfor anextremefield positionattheedgeof the
O 1.5P P FOV.



4.3. DESIGNOFTHE CAMERA SYSTEM 25

/ 0 1 2 3 4 5 6 2 3 7 8 2 9 : ; 5 < = 8 < > ? 5 @ A B C D 5 E 8 ; F = 8 E 1 D
G C A H I = D 5 E 8 ; F

J
= 8 E 1 D K L 8 > M : 6 N < 6 2 D O / 3 P 8 Q 3 R S / / I O 0 I T U

V 6 : ; 5 < A 5 ; W 5 ; X Y Z C [ X \ 5 : F 5 ] 9 5 < N

^ _ ` a b a c d e f g h i j k l

m n o o o o o p q n o o o o o r n o o o o o p p n o o o o o p s n o o o o o p o n o o o o o

t u t v t w w x y z { | } z ~ � � � t u t � v � � w w

� t u � t t t � t u � t t t t u t t t t t u � t t t t u � t t t

� � �

� � t u t t t t t
� � � � � t u t t t t t

� � �

� � t u t � t t t
� � � � � t u t t t t t

� � �

� � t u t � t t t
� � � � � t u t t t t t

� � �

� � t u t � � t t
� � � � � t u t t t t t

Figure4.7: Spotdiagramat thesecondfocuson axisandfor threefield anglesup to theedge
of theFOV. Fromleft to right: five focuspositions,seevaluesin mm givenon top of thedia-
gram. Fromtop to bottom: four field angles,givenas“Y” belowthediagramin degrees,and
correspondingto 0P P , O 0.72P P , O 1.08P P and O 1.55P P on thesky.
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Figure4.8: Pointspreadfunctionat thesecondfocusfor anextremefield positionat theedgeof
the O 1.55P P FOV.
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Figure4.9: Designof theGermaniumlenssystemfor the10 J m band
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Table4.2: Strehlratio of thecompleteopticalsystemof MIDI for severaloff axisanglesand
Wavelengths

off axis off axis Wavelengths [ J m]
[ U ] [ P P on thesky] 8 9 10 11 12 13

0.00 0.00 0.956 0.955 0.957 0.960 0.963 0.966
0.20 0.72 0.860 0.884 0.902 0.916 0.927 0.936
0.30 1.08 0.882 0.861 0.838 0.836 0.860 0.846
0.43 1.55 0.788 0.820 0.957 0.950 0.846 0.839

Table4.3: Overalltransmissionof theimagingsystemof MIDI withoutgrism. For thegrisma
maximumtransmissionof about60% is expected.

Component material singlerefl. number tot. refl.
Cass.reducer gold 99.4 2 98.8

ODL gold 99.4 4 97.6
Window CdTe 98.0 1 98.0

re-imaging gold 99.4 3 98.2
Bandselection gold 99.4 1 99.4

combiner dichroic 95.0 1 94.0
camera GeAR 98.5 2 97.0

Total 84.1

4.3.1 The detector focus

Theimagequalityis givenin thefollowing figuresin form of aspotdiagram(4.10)andasthree-
dimensionalpoint-spreadfunctions,which give the correspondingStrehl-ratioaswell (4.11-
4.14)Assumingadetectorpixel sizeof 50J m, for all field positionsandwavelengthsmorethan
80%of a point sourceintensityis imagedontoonepixel dueto the fact thata f/2.5 camerais
usedandtheapproximateFWHM of theAiry disk(= M R (F-numberN)) equalshalf apixel. The
calculatedStrehlratiosaregivenin Tab.4.2for severalwavelengthsandoff-axisangles.

4.3.2 The overall transmission

Theoveralltransmissionof MIDI is definedby thereflectivityof gold (10mirrors: Cassegrain
reductor, opticaldelayline,re-imagingsystemandone45U foldingmirror),theentrancewindow,
thebeamcombinerandthecamerasystem.In addition,in generalthegrismis used.In Tab.4.3
thesinglecontributionsarecombinedtoatotaltransmissionof 84.1%withoutgrism.Following
experimentalexperienceswith directlyrooledKRS-5grismsamaximumtransmissionof about
60%is expected.
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Figure4.10: Spotdiagramof the detectorfocusfor severalwavelengths,field positions,and
off-focuspositions.Focuspositionsaregivenfrom left to right asindicatedby theline above
thediagramin mm. Field anglesaregivenfrom top to bottomasindicatedin the line labeled
“Y” belowthediagramin degrees.Theycorrespondto 0P P , O 0.72P P , O 1.08P P and O 1.55P P onthe
sky. Thewavelengthsfrom 8 J m to 13 J m arecodedby colour(A colourversionof thisplot is
appended.
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Figure4.11: Pointspreadfunctionof thewholeimagingsystemfor onaxisfield position.

ß à á â ã ä å æ â ã ç è â é ê ë å ì í è ì î ï å ð ñ ò ó
ô ó ñ õ ö â ê ì ì è ì ÷ ø ß ù ã ú û è ê ë î ü ý ì å æ þ ô á ë ÿ î ê è ë � ß ã � è � ã � � ß ÷ ö ÷ � ö ÷ �

� æ ê ë å ì ñ å ë � å ë � 	 û ó 
 � � å ê þ å � é å ì 


�
�

� � � � � � � �

� � � � � � � � � � � � � �� � � � � � � � � � � � � �
� � � �  ! " # � $ � � � � � � � � �� � � � � � � � �% � & � � � ' ( ) * $ � � � � � � � � + �, ) - � * � . � ) � " $ � � / � �

Figure4.12: Point spreadfunction of the whole imagingsystemfor a field positionof 0.02U
(0.72P P on thesky)off center.
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Figure4.13: Point spreadfunction of the whole imagingsystemfor a field positionof 0.03U
(1.08P P on thesky)off center
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Figure4.14:Pointspreadfunctionof thewholeimagingsystemfor afield positionof 0.043U off
center(edgeof FOV, O 1.55P P on thesky).
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Figure4.15:Measuredtransmissionof antireflection-coatedCdTe

4.4 The entrance window

Bothbeamsareenteringthecryostatthroughacommonwindow. Thebeamseparationis 20mm
at thisposition,thepupil diameteris 10mmeach.Thus,awindowsizeof about40mmx 20mm
is required.Thethicknessmaybe5mm.

Bestchoicefor acommon10and20 J mwindowisanti-reflectioncoatedCadmium-Telluride
a transmissionmeasurementof which is givenin Fig. 4.15.Experiencewith theMAX camera
onUKIRT showsthatbecauseof thehygroscopicpropertiesof theantireflexcoatingthewindow
mayhaveto beremovedaftereachobservingrun for a newcoating.We wantto exploreways
to avoidthis frequentchange.
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4.5 The grism

Thepresentdesignof thegrismis drivenby theideato beableto usethesamegrismbothfor
the10 J mand20 J m wavelengthranges.Thereforethechoiceof KRS-5for thematerial.KRS-
5 grismscanbedirectly ruled. With a prismangleof 33.2U anda ruling of 37.5lines/mmone
canuseit for the rangeof 8 J m to 13 J m in secondorder, for the rangeof 16 J m to 26 J m
in secondorder. Thespectralresolutionof K 400perpixel imagesthewholewavelengthband
into thelongdimensionof thedetector. Basedonpreviousexperiencewith directlyruledKRS-5
grisms,a maximumtransmissionof about60% is expected.

4.6 Single-mode waveguides for spatial filtering at 10 � m

Thefollowing subsectionsreportthestatusof monomodefibersfor the10 J mwavelengthrange.
No definitepoint hasbeenreachedyet in their development.Thereforewe do not rely on the
availabilityof monomodefibersfor thiswavelengthrangein ourinstrumentdesign.However, as
mentionedabove,wekeepthedesignopenfor laterinclusionof fibers,shouldthedevelopment
of thecomingfew yearspromisesubstantialgainsfor doingso.

4.6.1 Hollow waveguides

Hollow waveguides,similar to waveguidesusedfor radiointerferometry, havebeendeveloped.
Thesewaveguidesaremulti-modeandnosingle-modewaveguidebasedonasimilartechnology
is knownto existor to beunderdevelopment.

4.6.2 Fiber optics

Traditionally, theMeudoninterferometrygrouphasdevelopedandmaintainedconstantcontacts
with, essentially, theFrenchinfraredsingle-modefiber opticsmanufacturerscommunity. Two
groupsareto beidentified:

� TheLe VerreFluoŕecompanywhoaretheprovidersof theinfraredfibersfor theFLUOR
experiment;

� theUniversityof Rennesin Brittanywhohaveconductedthefundamentalresearchin the
field of infraredfiberswhich led to thefluorideglassfibers.

Two differentpossibilitiesareinvestigatedto producesingle-modefibersfor the10 � m range.
Thefirst oneis basedon theuseof halogenides(e.g. KBr, NaCl, KCL). Thesematerialshave
therequiredtransmissionbut theyaredeliquescent.Building fiberswith thesematerialswould
requireheavyR&D investments(afew million FFRs).Thealternativesolutionis to usechalco-
genideswhich, in turn, arestable. Somemultimodefibersmadeof As2Se3or Te4Se10As5I
havebeenproducedby Artichenkoin Russiaandby theuniversityof Rennes.Thesefibershave
transmissionsasgoodas0.5dB/mbetween7 and9 � m. A collaborationhasbeeninitiatedbe-
tweentheMeudoninterferometrygroupandtheuniversityof Rennesto producesingle-mode
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fibersfor theM andN bandwith chalcogenidesby mid-1998.Thesefiberswill betestedonthe
IOTA interferometer(extensionof theFLUORexperimentto thethermalIR).

No single-modeX-couplersareanticipatedup todayfor theN band.
TheMeudoninterferometrygroupisalsoconsideringthepossibilitytopurchasesingle-mode

couplersfor the5 � m range.Thesecouplerswould bemadeof a fluorideglass(InF3) with a
transmissionof 1dB/mandwouldbeprovidedby Le VerreFluoŕe.

4.6.3 Integrated waveguides

Thegroupof theuniversityof Renneshasdemonstratedthefeasibilityof integratedopticswith
fluorideglassup to 7 � m. Theyhavesomeideason how to proceedwith chalcogenidesto in-
creasetheopticalbandpassup to 10 � m butnothingcanbetakenfor grantedsincenothinghas
beendemonstratedyet.

4.7 Beamsplitters

4.7.1 Beamsplitters and beam-combiner

Theopticaldesignof MIDI comprisesone � 20%beamsplitterfor extractingbeamfor photom-
etry for eachincomingbeamanda50%beamsplitterto beusedfor beamcombining.
Particularattentionis devotedto thecharacteristicsof thebeamcombiningbeamsplitter.

4.7.2 Polarization effects

A two-beaminterferometercanshowdegradedfringevisibility arisingfrompolarization-dependent
phaseshiftsatmirror surfacesin thetwo armsof theinterferometer. In orderto avoidthisdegra-
dationasufficientbutnotnecessaryconditionis thateachbeammustexperiencereflectionswith
the samesequenceof directioncosinesbetweenthe collectingpoint andthe point whereit is
combined(Traub,1988).
ESOprovidessymmetricreflectionpathsfor thebeamsdownto thelaboratoryinterface,sothat
weareonly concernedaboutpolarizationeffectsin thebeam-combiningarea.Oneof thebeams
mustundergoatotalreflectionatamirror surfaceplusapartialtransmissionat thebeamsplitter,
while theotherundergoesonly apartialreflectionat thebeamsplitter.
Thefirstbeamwill beaffectedbyaphaseshift 	�

������������� for themirrorreflectionand	�
��������������
for thepartialtransmission,while thesecondbeamwill suffer a phaseshift 	�
���� ������� ! dueto
thepartialreflection.Thedifferentialretardationbetweenthephaseof thetwobeamsisgivenby

	�"$#%	�
��������&������'(	�
���� ���������)�*	�
����������+� !
whichcanbewritten

	�",#%	.-0/1��	.-32�'(	546/7��	5402
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where	.-0/ and 	.-)2 arethephaseshiftsfor p- ands-polarizationdueto thetotal reflectionand
	.46/ and 	5402 arethephaseshiftsbetweenthetwo beamsfor thep- ands-polarizationdueto the
beamsplitter.
Thephaseretardationdecreasesthefringevisibility by a factor

8 /:9<;=#%>:?+�@
A	�"CBED��GF

From an estimationmadefor the interferometerrelay optics(ISAC 1997),we know that
	�-0/6�1	�-32CH 10I at10 �KJ . Asfarasthebeamsplitterisconcerned,weareactuallyinvestigating
severalbeamsplittercoatingsolutionsto selecttheonewhichprovidesthesmallestphaseretar-
dationbetweenp- ands-polarization,andatthesametimenearlyequalintensitiesfor thebeams
aftersplitting(seeFigure4.16).Figure4.17similarly showsthephasefor p- ands-polarization
for thetransmittedandthereflectedbeamrespectively. As is thecasefor thetransmissioncurves,
theseFiguresshowperformancespredictedby themanufacturer, LaserZentrumHannover, for
anincidenceangleof 45I ,aZnSesubstrateandnoabsorptionlosses.Thephaseshift 	546/���	.402
is � 0I at10 � m andit increasesto about4.5I at12� m. Evenat12 � m thedegradationin fringe
visibility,

8 /L9M; , is lessthan1%. Wearealsoinvestigatingthepropertiesof differentmaterialfor
thebeamsplittersubstrate.At themomentZnSe,KCl, andKRS5arebeingconsideredaccording
to their transmissioncharacteristicsandindexof refractionat cryogenicstemperatureof about
70K.A compensatorplateof thesamematerialwill haveto beusedto accountfor thepathvari-
ationaffectingthebeamwhich travelsacrossthebeamsplitter.
Thephaseshift for reflectionongoldcoatedmirror under45I incidenceangleis estimatedto be
atmost2I , which is negligible.

Traub W.A. ESOConferenceandWorkshopProceed.No. 29,1988
ISAC meeting#5,1997SPG-VLTI - 97/004
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Figure4.16: Transmissioncurvesfor thep- ands-polarisation.Upperpanel:transmittedlight;
lowerpanel:reflectedlight. Thisperformancehasbeenpredictedfor 45I incidenceangle,ZnSe
subtrate,andnoabsorptionlossesby themanufacturer.
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Figure4.17:Phasefor p- ands-polarizationof thetransmittedbeamasafunctionof wavelength.
Upperpanel:transmittedlight; lowerpanel:reflectedlight. Thisperformancehasbeenpredicted
for 45I incidenceangle,ZnSesubtrate,andnoabsorptionlossesby themanufacturer.



Chapter 5

Detector

Sincethereis anongoingdevelopmentin detectortechnologythefinal selectionof thedetector
will bepostponeduntil 1999.
Nevertheless,thecrucialrequirementscanbesetalreadynow.
For thefollowing considerationsit is assumed:
� Thecoherence time is 100msec.

� Themaximum integration time NPORQTS with four OPD-stepsto bescannedduringtheco-
herencetime thenis 25msec.

� A detector array hasto beusedsince:

1. We wantto do low resolutionspectroscopy.

2. To reducevisibility lossdueto thespectralbandwidtheffect to U 1%, thespectral
resolutionR hasto be V 13(for 	�W = 5 � m andanOPDof 1 W ) !
No dispersion(R=2)woulddecreasethevisibility signalby 36%!

3. Thesignalhasto bespreadoverseveralpixelssincethefull well capacityof current
detectorsis too low.

If wearebackgroundlimitedthesignalcanbespreadoverstill morepixelswithoutloosing
accuracy. Thuswe recommendto usea full line of thedetectorarrayfor spectroscopic
dispersion.Thenthespectralresolutionandthesignal-to-noiseratiocanbeoptimizedby
a suitablebinning. If it is possibleto imagethe Airy-disk onto onepixel sizethenwe
wouldendupwith e.g.n = 320pixel (or R=640,respectively)for theSBRCdetector.

� Currentlythereare2 detectorfactoriesthatdeliver(alreadyor in thenextfuture)suitable
detectors:RockwellandSantaBarbaraResearchCenter(SBRC).

Pixel Pixelsize Full well ReadNoise Readout costs availabe?
No. X�� mY X[Z+\=Y X[Z+\=Y channels US$

Rockwell 128x 128 75 2 x ]_^�` 1300 16 100000 yes
Rockwell 256x 256 50 1.5x ]_^ ` ? 16 100000 thisyear(?)
SBRC 320x 240 50 2 x ]_^ ` ? 16/32 95000 yes
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� Thehigh thermal background from the19warmmirrors( acbd]_^ �fe Z \ B���Z_> ) andthesky
( ghFjikbl]_^+mnZ \ B���Z_> ) makesit necessaryto spreadthesignaloverseveralpixelsin ordernot
to saturatethecurrentavailabledetectors.Assumingafull well capacityof ]obp]_^ ` Z \ per
Pixel thethermalbackgroundof ]EFjg6aqbr]s^�mnZ \ permaximumintegrationtime( NPORQTS ) of 25
msecrequiresthesignalto bespreadoverat least135pixels.

� TheReadout Noise is notnegligiblesincewith 320Pixeltheshotnoiseof thebackground
is about2000 Z \ perintegrationtime NPORQTS , which is aboutdoubletheReadoutNoise.

� As future developments SBRCis planningto undertakea three-yearsproject(together
with NASA AmesandCornellUniversity)to developlarge-formatSi:As IBC arraysfor
anextensionof theNGSTto thermalIR-range.

In general,furtherstatementsin thisdocumentreferto theSBRC-deviceasdetector.



Chapter 6

Electronics

6.1 Read-out electronics

Thedesignfor the read-outelectronicsto bebuilt at MPIA is shownin Fig. 6.1. In principle
all boardsindicatedin thedrawingalreadyhavebeenimplementedin oneor theotherinstru-
mentsbuilt at MPIA. Probablythe clock-driver-, thepre-amplifier- andthe digitization-board
mayneedsomeadaptations.High data-ratesasexpectedfrom our measurementmodesshould
beno problemwith this detectorread-outelectronics.Right nowwearetestingthehigh speed
datalink by usingaSCD60I/O interface(60MB/sec)in aSUN-workstation.

6.2 Control electronics

Thereis a lot of experienceatMPIA concerningthebuildingof instrumentcontrolelectronics.
Figure6.2givesanoverviewon thecontrolelectronicsof theinstrument.
In detail,somepointsarestill underdiscussion,e.g. if - or where- to usesteppermotorsinside
thedewaror to installmotorswith encodersin thewarmby applyingfeed-throughs.Therewill
beadecisionon thesequestionsin thenearfuture.
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Chapter 7

Computer and instrument control

7.1 Overview

This chaptergivesa roughsketchof the computingandcontrol requirementsconcerningthe
MIDI instrumentfor theVLTI. Thedesignof a controlsystemfor MIDI, thefirst mid-infrared
camerafor theESOVLT Interferometer(VLTI), hasto beasopenaspossiblefor futurechanges
andenhancementsmainlybecause:

� first light for MIDI is foreseenfor theendof year2000

� largermid-infrareddetectorsmightbecomeavailablewithin thenextyears

7.2 Hardware Requirements

As with mostMPIA or VLT(I) instrumentsa multi-platform,network-basedcontrolsystemis
themostsuitablearchitecture.Theuseof standardindustrybuseslike theVME andPCI bus
allow applicationsbasedonstandardoff-the-shelfinterfacecards.

7.3 Software Requirements

Theavailabilityof areal-timeoperatingsystem( � sresponsetime)like Tornadoandaquasireal-
timeoperatingsystem(msresponsetime)with multi-usercapabilitieslike Solarisallowall kinds
of moderninstrumentation(openloopandclosedloop)control.

7.4 External Interface Requirements

Thecontrolhardwareandsoftwareshallfit into theVLT(I) environment.This is accomplished
with fastnetworkslinks (ATM, fastEthernet,or giga-bitEthernet)whichprovidethehardware
communicationlayer amongall requiredsubsystems,e.g. communicationwith the telescope
controlsystem(TCS).
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TheVLT(I) workstationsoftwareCCS(CentralControlSoftware)canbeusedasthesoft-
warecommunicationlayerbetweenMIDI andVLT(I) subsystems,e.g.communicationwith the
TCSinterface(tif). OtherVLT(I) hardwareor softwaremodulescanbeusedasnecessary, e.g.
thetimereferencesystem(timebus).

7.5 Control System Architecture

Theproposedcontrolsystemarchitecturefor theMIDI instrumentis shownin figure7.1. This
proposalcanbeseenasa resultof therequirementsgivenaboveaswell asMPIA’s experience
with:

MAX amid-infraredcamerabuilt atMPIA for the3.6mUK infraredtelescope(UKIRT) onMauna
Kea

OMEGA near-infraredcameraswith onemillion pixels build at MPIA for the 3.5mtelescopeon
CalarAlto

ALFA anadaptiveopticswith laserguidestarsystemoperatedat the3.5mtelescopeon Calar
Alto

Theselectedhardwarecomponentslike SPARCarchitecturewith PCI-busandMotorola68060
architecture(masterCPUinsidetheVME crate)with VME-busprovideenoughflexibility for
thefuture.Solarisfrom SunMicrosystemsandTornadofrom Windriverhaveadequate(Solaris)
andexcellent(Tornado)real-timecapabilities.

Thedataflow from theMIDI detectorvia thereadoutelectronicsinto theSparcworkstation
showsonlyone(andcurrentlypreferred)possibility. FeedingdetectordataintotheVME/Tornado
systemis alsopossiblebut only secondchoice.Theadvantageof usinga Sparcworkstationas
detectorlocalcontrolunit (detectorLCU) andinstrumentworkstation(WS) in oneis:

1. easyinstallationof 1–2gigabyteRAM (doublebuffering)

2. fast(off-the-shelf)datainterfaceavailable

3. real-timerequirementsarein themsresponsetimeregime

4. fastdatastorageavailable

5. fastgraphicsadaptersavailable(in particularfor quicklook)

Thedetectordataflow asindicatedin figure7.1startsfrom theMIDI detector. For adetec-
tor with 320by 240pixels (e.g. SBRCSi:As (IBC)) we canassume32 parallelreadoutlines
anda framerateup to 350Hz (maximumtheoreticalframeratewith 1 MHz ADC’s: 320x 240
/ 32 b 10t = 2.4ms/frame= 416Hz full framerate).Theamountof dataproducedwith thesup-
posedmaximumframerateof 350Hz andwith anintensityresolutionof 16bit givesabout52
MByte persecond.
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Thereadoutelectronicshastobedesignedsuchthatit canpre-processtheincomingdata(co-
adder, backgroundsubtraction,Videosignalgeneration,andasanoptionsynchronizationwith
theOPDPiezodrives)andsendthem(pre-processedor raw)overafiberlink to theworkstation.

Theproposedworkstationdatainterfaceis a high speed16-bit parallelDMA channelbe-
tweenthe readoutelectronicsandthe workstation’s PCI bus. This interfacecardusesdirect
memoryaccessandasynchronousI/O to achievetransferratesup to 60 MBytespersecond.It
usesasynchronoushardwareprotocol.

TheserialtoparallelconverterisanMPIA in-housedevelopmentincludingaloopbackmode
for testing.

Thedatamanagementinsidetheworkstationwill bebasedon a doublebuffering scheme.
Two gigabytesof memorywill allow acontinousdataflow at themaximumdetectorframerate
for about15seconds.

Interferometricdataaretakenwith differentopticalpathdifferences(OPD)betweenthe(two)
interferingbeams.TheOPDcanbecontrolledfrom

1. theworkstation

2. thereadoutelectronics

3. optionalfrom theLCU

In a first attempttheworkstationseemsto bethemostnaturalplaceto controltheOPDbe-
causeit is synchronizedwith theincomingdata.Thereadoutelectronicsrunningtheclocksto
drivethereadoutprocessis equallygoodfor this task.Analyzingtheincomingdatawhile step-
ping throughthedifferentOPD’s would allow closed-loopOPDsequenceson theworkstation
side.Othertaskslike fringefindingandtrackingcanonly beperformedwith parallelaccessto
thedetectordata.

Thesecondbranchof theMIDI controlsystemis responsiblefor managingandoperating
motorizedstages(filter wheels,field stopswheelstec.), the entirepumpandcooling system
(closedcycle cooler, vacuumpumps,etc.),calibrationsources,andtemperaturecontrol. All
thesetasksruninsidethelocalcontrolunit (LCU, or in MPIA ”language”input/outputcontroller
(IOC)).

The LCU controlsthe connectedhardwareeitherdirectly throughVME-bus interfacesor
throughtheinstrumentationcontrolelectronics.Asanexample,theinstrumentationcontrolelec-
tronicsmaybea intelligentmotioncontrolsub-systemcontrolling8 motorizedstages.In this
casethe LCU would communicatewith the instrumentationelectronicsovera serial(RS232)
line. TheLCU might containinterfacehardwarein orderto accesstheVLT(I) time reference
system.

Theactualstatusof theentireinstrumentwill bestoredin areal-timedatabase.UsingEPICS
(experimentalphysicsandindustrialcontrolsystem)– thestandardMPIA softwarepackagefor
instrumentationcontrol– its real-timedatabasecanalsodirectlycontrolhardware.Readingand
modifying theEPICSdatabaseis achievedthrougha mechanismcalledchannelaccess(CA).
Channelaccesslibrariesaswell asexecutableCA programsareavailablefor mostplatforms
(includingSolaris,HPUX,andTornado).Tcl/Tk, IDL, andperlshouldbenamedin thiscontext
whichallow aCA basedcommunicationwith theEPICSdatabaserunninginsidetheLCU.
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Chapter 8

Design of the Cryo-Mechanics

A majorconcernof thedesignis thethermalisolationof thelow-temperaturepartsfrom room
temperatureandthe mechanicalisolationof the instrumentfrom vibrationsintroducedby the
closedcyclecooler.
Weproposeto useatwo-stageGifford-McMahoncoolerfrom LEYBOLD (Coolpower 4.2 GM)
with 0.5W at4.2K and50W at50K. Thiscoolerhastheadvantagethatit runsveryquietat144
RPMsincea DC Microsteppermotordrivendisplaceris used.To avoidresonanceproblemsit
is possibleto vary thespeedof thecoldheadmotor.
Becausetheinstrumentis very sensitiveat thewholethermalwavelengthregionall opticsand
mechanicsinsidethedewarhaveto becooledto temperaturesbelow70K.
Themaincontributionto theheatloadis theradiationshield.
Thisheatloadcanbecalculatedin principleby (InfraredHandbook):

u !�vk�w#%xq��yK>�
{z7|! �}z~|� �
with

>C#�
 ]� � '
xq�
xk! 

]� ! ��]_��� \

�
y = Stefan-Bolzmannconstant

A resultcanbegiven if the mechanicaldimensionsof the dewarareknown. Othercontribu-
tionsto theheatloadaretheheatconductiondueto thecabling,thespacers,themotoraxesfeed
throughsandthefilling tubes.
Wearethinkingaboutthealternativeto usecoldsteppermotorsinsidethedewarinsteadof en-
coderequippedservomotorswith feedthroughs.

The CONICA dewar is now in the test phase and therefore we will profit a lot from these expe-
riences.

In Figure8.1 theprincipalcryo-designof theMIDI-experimentis given. Figure8.2 showsan
exampleof how thecoolingdownprocedurecouldbeperformed.
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Cooli ng  dow n  Procedure

Valves 6 and 7 are opened. 
Start Roughing pump (4) manually  to evacuate the dewar.
Control of pressure with Pirani-sensors (A,C)

Start

Molecular Pump is started

Control of pressure with Penning tubes (B,D)

Precooling with LN2:
Open valve at LN2-vessel manually.
Control of LN2 flow by closing/opening N2 

valve at the end of the LN2 spiral. 
(Temperature dependent).

When temperature in 
dewar < 150 K

Close valve at LN2 vessel  manually 
Start of Closed cycle cooler

When temperature in 
dewar < 180 K

Valve 6 is closed and Turbo pump is switched off
Switch off Roughing pump manually
Now: Crypumping by zeolith

When temperture of optical 
parts < 210 K and temperature 
of detector < 260 K

Ready for 
measurements

Note:  Only the Roughing pump and the valve at the LN2 vessel is operated manually

When pressure < 10-2  

When pressure < 5� 10-5

Figure8.2: Cooling-downprocessfor theMIDI instrument



Chapter 9

Data analysis

Taking into accountthecharacteristicsof MIDI (beamcleaningfor bright sourcesallowedby
spatialfiltering anda photometriccalibration),differentschemesof analysisarepossiblede-
pendingon the brightnessof thesourceandon themodeof acquisition.Threemodescanbe
identifiedandhavebeenexperiencedonotherkindsof instruments:

1. coherentco-adding;

2. incoherentco-addingof spectraldensities;

3. individualanalysisof frames.

Table9.1 givesthe differentcircumstancesunderwhich thesemodescanbe applied. In the
cophasedmode,thezeroOPD(opticalpathdifference)is identifiedwith aprecisionof afraction
of thewavelength.In thecoherencedmode,thezeroOPDis knowntowithin afew wavelengths
andfringesaredetectedin eachframe. In theblind mode,fringesarenot clearlydetectedbut
arecontainedin eachframewith a low Signal-to-Noiseratio (S/N).

Table9.1: Dataanalysismodes.
cophasedmode coherencedmode blind mode

coherentco-adding �
individual frameanalysis � �

incoherentco-adding � �

In thefollowing, it is assumedthatthebackgroundhasbeenremovedfrom thedata.

9.1 Coherent co-adding of fringe frames

This is theeasiestcase.TheOPDor thepositionof thewhite fringe is identifiedor stabilized
andit is possibleto addall interferogramscoherentlyin phase.Dataarepiledupandthesignal
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is integratedto improvetheS/N.Thismodeconcernsbrightsourceswith fringesobtainedwith
agoodcontrast.
Thisdataanalysisschemecanbeappliedwhetherthebeamshavebeenspatiallyfilteredor not.
Of ocurse,toobtainvisibilities,aphotometriccalibrationisneeded.Theaccuracyof thecontrast
estimatedependsonwhetherthebeamcleaninghasbeendoneor notalthoughit is not theonly
parameterto takeinto account.TheS/N on thecentralfringe shouldleadto anestimateof the
final contrastaccuracy.

9.2 Individual analysis of frames

Phaseinformationis notknownaccuratelythereforeit is notpossibleto addinterferogramsco-
herently. Nevertheless,it is still possibleto recoverhighprecisionfringecontrasts.Fringecon-
trastsarecomputedframe-by-frame.Thefinal contrastis determinedfrom thewholecontrasts
distribution.Theuncertaintyis givenby thestandarddeviationof thedistribution.
In thismode,dataareacquiredwith or withoutspatialfiltering andwith or withoutphotometric
calibration.
This dataanalysismodecanalsobeusedwhenthearrayis cophased.It is analternativeto the
previousanalysismode.Thismodeof analysisiscurrentlysuccessfullyusedin theFLUOR/IOTA
experimentandprecisionsasgoodas0.3%onvisibility estimateshavebeenachieved.

9.3 Incoherent co-adding of spectral densities

Whenthetwo previousdataanalysisprocessescannotbeworkedout becausethesignalis too
weakto be measuredwithin onecoherencetime, a fringe signalcanbe recoveredin the fre-
quencydomainby averagingpowerspectraof shortexposures.Thefringecontrastis computed
by integratingtheaveragedpowerspectraldensity.
This dataanalysismodeshouldallow to observevery faint sourcesor sourceswith a very low
visibility. Themethodcanbecomparedto whatis donein speckleinterferometryanalysis.Be-
causeof theweaknessof thefringe signal,thebeamcleaningwill probablybeavoidedin this
modeof observation.As a result,multiplicativecalibrationnoise,additivedetectorandback-
groundnoiseswill be largeandthe final erroron visibilities is expectednot to be betterthan
10%.
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Interface to ESO

- Siderostat test: collecting surfaces larger than the actually planned are necessary to test the
10 � m experiment.
Testingof theMIDI instrumentonParanalbeforestartingtodomeasurementsisessential.How-
evertheactualdesignof theVLTI siderostattest(beamsizemaximum:80to 125mm)doesnot
guaranteefor accuratetestmeasurementswith MIDI. Thefollowing tableshowsthemagnitude
limit wherewe expectto seemeasurablefringes(S/N = 10) for differentmirror sizes.As a re-
sultwenotethatsincethesourcesaredistributedoverthewholeskyandwithin thereachof the
siderostats(anestimated� 30� ) only for four to six hourspernight, thecoverageby sourcesof
-4 mag(providedwith a mirror sizeof 20 cm) is only marginally sufficient for a testcampaign
(seeTable10.1).Only 11 sourcesremainovertheportionof theskyaccessibleto thesiderostats
( � = -10� to -70� ), andof theseonly one,� Sco,canbeconsideredasourcegivingagoodsignal,
threeothersourcesprobablyalsoareuseful,andthreeadditionalonesmayworkmarginally. We
thereforeurgeESOto providesiderostatsof at least20cm in diameter, but to makeseriousat-
temptsto suplly themwith largeraperture.

- Chopping and nodding
Absolutecalibrationis neededhereto calibratethefringe amplitudesinto visibilities. We pro-
poseto usestandardcalibrationproceduresfor thethermalIR, i.e. choppingandnodding,inter-
spersedwith fringemeasurements.

Allowing 100msfor fringeanalysis,themaximumchoppingfrequencyturnsouttobeabout

Table10.1:Predictednumberof sourcesonsky for testingof 10 � m instrument

Siderostatsize optimistic assumptions morerealistic assumptions
12.5cm -4.0mag 11 sources -5.0mag 4 sources
20.0cm -3.0mag 34sources -4.0mag 11 sources
25.0cm -2.5mag 59sources -3.5mag 18sources
32.0cm -2.0mag 77sources -3.0mag 34sources
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5 Hz. Noddingis requiredwith muchlowerfrequency. Thechoppingamplitudedependsonthe
natureof thesource,e.g.onwhetherthetargetis overimposedto someextendedemission.The
strokevalueprovidedby ESO(15arcsec)shouldbeenoughfor mostapplications.Concerning
thechoppingaccuracy, a value27masrmscouldintroducea variationin theOPDof thesame
orderastheOPDrangewe wantto sample.Howeverthis shouldnot beof concernbecauseof
thecompensationprovidedby thetip-tilt system.
Themainrequirementson telescopecontrolwouldbethat

– choppingof telescopesis performedstrictly simultaneouslyfor all telescopesinvolved

– thecommandfor choppingcanbegivenonquiteshortnotice(ms)whenthetelescopeis
in theappropriatemode

– theVLTI instrumentis notifiedimmediatelywheneverapointingchangeoccurs(for syn-
chronisationpurposes).

- Actual input beams into the MIDI instrument for different kind of sources
Estimationsfor thewavefronterrordueto all opticsdownto thelaboratory(takinginto account
design,figuring, alignment,andinternalseeing)andfor theOPDvariationhavealreadybeen
providedby ESO.However, for theactualoperationof MIDI it is necessaryto knowhow well
theopticsalignmentcanbekept. An initial alignmentprocedureandroutinealignmentchecks
will berequired.

Additionaltopicsto beinvestigatedwith ESOare:differentialdiffractioneffectsandquality
of imagestabilizationoff-axis. As far asdifferentialdiffractionis concerned,it is necessaryto
definea way to cross-referencethevisible tip-tilt referencewith thatseenby theinstrumentat
10 � m to checkwhethertheimagesat10� m aresuperimposedor not,aswell asto compensate
for anumberof misalignments.

Further, thequestionshouldbediscussedwherebestto performthebeamcompressionre-
quiredby mostinstruments:in the individual experimentsor ratheron systemlevel nearthe
entranceto theinterferometriclaboratory.

- Shift of the pupil
Accordingto ouractualstudyit lookspreferablefor MIDI to havetheoutputpupil from thede-
lay line shiftedby about28m in orderto bringthepupil into thecoldpartof theinstrument.The
designof thedelayline comprisesavariablecurvaturemirror to generatetransferedpupil inside
theinterferometriclaboratory. Thepupil transferrangeis between10and80m to keeptheexit
pupil stablewhile varyingthedelayline position. We would like to investigatewith ESOthe
feasibility, within theactualdesign,of shiftingthepositionof thepupil by meansof thevariable
curvaturemirror or someothermeasure.Forsimilar reasons,otherinstrumentsmayalsobein-
terestedin someshift of thepupil.



Chapter 11

Tests

11.1 Tests with the mid-infrared camera MAX on UKIRT

In theperiod17-23October1997wehaverealizedaninterferometricexperimentwith themid-
infraredcameraMAX onUKIRT. TheMAX camerahasarotatingwheelwhichallowsto chose
betweendifferentLyotstopsattheinstrumeny-internalpupilposition.Theexperimentconsisted
in insertingthreepupil masksof differentsize,obtainingin practicetwo separatedapertureson
theUKIRT primary. Theparametersof thethreemaskswere(seeFig. 11.1):
� Two roundholeswith diameter1.52mmeach,separated(centerto center)by 6.4mm. On

theUKIRT primary, thiscorrespondsto two 67cmaperuresabout2.8m apart.Scaledto
theVLTI size,thiswouldcorrespondto two UTs,35m apart.

� Two 0.75mmholes,separation3.2mm. On theUKIRT primarythis correspondsto two
33cmapertures1.4mapart.The“VLTI equivalent”is thesameasin thepreviouscase.

� Two differentholes(0.75mm and0.2 mm) 3.2mmapart. On the UKIRT primary, this
correspondsto 33cm+ 8.8cm,1.4mapart.OnVLTI, thiswould roughlycorrespondto a
UT+AT systemwith 35m separation.

Severalsourceshavebeenobservedwith differentfilters andintegrationtimes. Fringeshave
beeneasilyobservedin almosteveryconfiguration.This is notsurprising,sinceaftertherecent
upgradesof theUKIRT telescopewe routinelyreachwith MAX thediffraction limit at 10� m
( ���������h�j�+� � ).

Herewe presenta few preliminaryresultsrelativeto � Ori, a [N]=-5.1 redsupergiantstar
knownto besurroundedby an( ����� � ) extendeddustenvelope.

In Fig.11.2wepresenttheimageobtainedbyaveraging100choppedpairsof frames(source-
sky). Thefirst (67cm/67cm/280cm)maskwasused,with a11.6� m(2.5 � m) filter andaninte-
grationtimeof 25ms/frame.In fig. 11.2wealsoshowthecutoveracentralcolumn.Thefringe
contrastturnsout to be 0.25,a factor of two lessthanexpectedfrom previousmeasurements
(Degiacomiet al. 1992).Partof this lossmustbedueimperfectsamplingof thefringepattern
becauseof thenarrowfringespacing.

Immediatlyaftertakingthesedata,� Ori wasobservedwith thesamefilter andintegration
time,butwith thesecondpupilmask(33cm/33cm/140cm). Theresultispresentedin Fig.11.3,
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Figure11.1: Pupilmasksusedin theinterferometricexperimenton UKIRT. For detailsseethe
text.

includingthecut alonga centralcolumn.Thefringe contrastis in this case0.50,thevalueex-
pectedif theenvelopeof � Ori alreadyis resolvedoutin thisarrangement- anassumptionwhich
remainsto bechecked.

Thesemeasurementsrequirefurtheranalysisbeforeallowingto confirmtheestimatedinter-
ferometricsensitivityof theMIDI instrumentof N= 5 mag.Thisevaluationwhich in particular
hasto understandthedifferentvisibility valuesderivedwith thedifferentmasksis in progressat
thepresenttime. Thetelescopeshouldnotbethereasonfor substantiallossesof visibility in the
measurements.We canexpectthaton a baselineof 2-3 m at MaunaKeathetip tilt correction
allowsto (almost)preservethenaturalfringecontrastof thesource.

Evenwhenonlyconcerningthephotometricsensitivity,anestimateof theMIDI performances
obtainedby scalingthe resultsof this experimentrequiressomecaution. Our dataareclearly
read-outnoiselimited, sincethecold maskingof thepupil dramaticallyreducesthenumberof
backgroundphotonsfalling on thedetector(by a factor ���E� with the67cmapertures).A sen-
sitivity limit derivedfrom areadout-noiselimited measurementtendsto bepessimistic.On the
otherhand,MAX onUKIRT operatesunderclose-to-optimalconditionsfrom thepointof view
of thethermalemissivity, transmissionanddiffractionlosses;all thesedegradingfactorsarein
comparisonmuchmoresignificantin theVLTI beam.Thereforea sensitivityestimatederived
fromtheseUKIRT measurementsalsowill beoptimistic.Anyway, if weassumefor themoment
thatthesetwo effectsessentiallycancel,wecangetanorderof magnitudeestimatefor theMIDI
sensitivityto incoherentlight. With our experimentwith the67 cm masks,we obtaina S/N =
47 in 25 ms(on source)for � Ori. In thereadoutnoiselimited case,this S/N scalesaccording
to theformula:

� �T����� �¡���}¢_��£
¤1¥�¦A§
¨ �1©«ªR¬
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Figure11.2: Resultsof theinterferometrictestmeasurementwith amaskcorrespondingto two
67cmaperturesseparatedby 2.8m. Upperpart: averageover100choppedimagesof 25msper
individualexposure.Lowerpart: cutalongacentralcolumn.
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Figure11.3: Resultsof theinterferometrictestmeasurementwith amaskcorrespondingto two
33cmaperturesseparatedby 1.4m. Upperpart: averageover100choppedimagesof 25msper
individualexposure.Lowerpart: cutalongacentralcolumn.
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where
¤7¥�¦<§

is theareaof thetelescopein squaremeters.FortheVLT (
¤1¥�¦A§

= 52m­ , �1©«ªR¬ = 1) we
getthereforeaS/N=10for a [N]=+5.8 magsourcefor thecorrespondingreadoutnoiselimited
case.Thisvalue,assaidabove,is apreliminarydeductionfrom thetestmeasurements.

C.G.Degiacomi,M. Bester, W.C.Danchi,L.J.GreenhillandC.H.Townes,in “High-resolution
imagingby interferometryII”, eds.J.M.BeckersandF. Merkle,ESOconferenceandworkshop
proceedingsNo. 39,Garching1992.

11.2 First Laboratory set-up

Wehaveplannedtoinstalla ®q¯ ­ -Laserin aMach-Zehnder-Interferometerconfigurationtostudy
fringesata wavelengthof 10� m.
Theopticalsetupis shownin thefigure11.4. Thecontinuouswavelaser(Invar-stabilizedUl-
traLasertechModel3622)with 3.5Wattoutputpowerworksasthecoherentlight source.The
laseris watercooled(stability=�°�h�±�²¢s³�® ). Theexactcooling andthe Invar rodspreventsthe
hoppingbetweendifferentlaserlines. The laserhasa pilot visible laserdiodefor safetyand
alignmentreasons.A 10xlaserbeamexpanderwill beusedto expandthe3.5mmdiameterlaser
beam.Becausethe3.5Wattoutputof thelaserist still to muchfor ourexperimentwewill install
two beamsplitterswith 94%reflectionin front of the50/50beamsplitterwhich splitsthebeam
into two components.Two mirrors reflectthe beamson thebeamcombiner. Onemirror will
bemountedon a translationstagefor opticalpathmodulation.As detectorwe will usein the
initially achoppedGolaycell, latera two-dimensionalarraycamera..
Thewholeexperimentalsetupwill beinstalledona3000x 1200mmopticaltable.Thetablehas
aninternaldampingmechanismandstandson four vibrationisolators.
Thedescribedexperimentwill bethe”playground”for thefirst stepsin interferometryat10� m.
Later this setupwill alsobeusedto testthe infraredoptics,to performvibration tests(closed
cyclecoolers)andasacalibrationsourcefor theinstrument.
Thelaseritself andmostof theopticsfor thefirst setupwill beavailableat theendof thisyear.
Sothefirst experimentswill startat thebeginningof 1998.

11.3 Preliminary commissioning with siderostats

Weconsiderit essentialto havetheinstrumentrunningonParanalwith theVLTI delayline and
light from starsbeforewe startthecommissioningon theUTs. Everythingelsehasto becon-
sideredawasteof precioustelescopetime. Wehavealreadymentionedabovein section10that
at 10 � m a siderostatsizeof at least20cm is needed.Only 11 sourcesremainovertheportion
of thesky accessibleto thesiderostats( � = -10� to -70� ), andof theseonly one, � Sco,canbe
consideredasourcegiving agoodsignal,threeothersourcesprobablyalsoareuseful,andthree
additionalonesmaywork marginally. Clearly, thereis thedangerthat lack of suitable10 � m
sourceswill renderthecommissioningof theinstrumentwith thesiderostatshighly inefficient
if thesiderostatsizeis too small.
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Figure11.4: First laboratoryset-upwith aMach-Zehnderinterferometer
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Time schedule

General
Thetimeschedulebelowonly givesafirst approachto howtheprojectcouldbedeveloping.A
detailedtimeschedulehastobesetupin connectionwith theaccomplishmentof thepreliminary
design.

� Thedecisionon a largerparticipationin MIDI by theNetherlandswill beknownby the
endof April 1998.

� Thereforewewill not fix thedesignbeforemid-1998.

� Until theendof 1999all partsshouldbereadyfor integration.

� Thentheextensivetestandcalibrationphasefollows, startingsomewherein thefirst half
of theyear2000andlastingfor about6 months.

� It is plannedto shiptheMIDI instrumentto Paranalat theendof theyear2000.

� Sincethefinancialresourceshaveto bespreadover3 yearsthetimeschedulefor MIDI is
certainlyinfluencedby theamountof moneythatis availablein acertaintimeperiod.

� Theopticalbenchin thelaboratoryis just beingbuilt up. Thefirst experimentswith the
®q¯ ­ -Laserwill bedoneat thebeginningof nextyear. This laboratorywill beusedalso
for theopticaltests,thecryogenictests,theintegration,thefinal testsandthecalibration.

In thefollowing barcharta preliminarytime scheduleis givenfor thefour mostimportant
projectitems.
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Figure12.1:Time-schedulefor thefour mostimportantitemsof MIDI



Chapter 13

Manpower, costs and resources

13.1 Cost Estimate for MIDI

In thefollowing thepricesaregivenin kDM (1000,-DM)

Total costs:

Detector 180
Detector read-out electronics 80
Data acquisition and analysis 160
Instrument control 90
Motors, encoders, housekeeping 70
Optics 230
Cryo-system 210
Mechanics 20
Laboratory, development, testing 180
Miscellaneous (not known yet) 150
Travel Costs ( � 10%) 120
Total costs 1490

A breakdownof thecostsfor theindividualsubsystemsis givenon thefollowing pages.
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Detector:

SBRC320x 240array(or Rockwell256x256) 170
SBRC-EngineeringGradeTest-Chip 10
Total: 180

Detector read-out electronics:

Electronics(MPIA 4 ADC) 35
Additional12channelswith 16bit ADC (1000fps) 45
Total: 80

Data acquisition and analysis:

Ultra 30Sparcstation,300Mhz with 2 monitors, 120
(including: 1 GB RAM, disks,backup,ATM-interface)
Two highspeeddatainterfaces 10
Dual-headX-terminal 15
Networksupport 15
Total: 160

Instrument control:

LCU: VME-bussystemservingasinterfaceto ESOandasLCU 60
(Transitionboard,MYME 177CPU,interface,Tornado-andEPICS-software)
Electronics(MPIA) 20
Cables,connectors,fiber links, spareparts 10
Total: 90
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Motors, encoders, housekeeping :

Two piezo-stages(100mm)+ driver for OPD-modulation 20
Piezo-Controllerwith DSP 2
Six encoder/motor(cryocapable)+ gearing( a2100,-DM) 13
Six encoder/motor+ gearing(outsidedewar) 4
Twelvemotioncontroller 6
TemperatureMeasurementcontroller 4
Temperaturesensors(Si-diodesandPt100) 1
Detectortemperaturecontroller 5
FiveProcess-controller(for warm-upheaters,..) 3
Interlockmodulesfor safecool-downandwarm-upprocedure 2
Divers 10
Total: 70

Optics:

Planemirrors: Outsidedewar(OPD(8), feed-in(5), ...) 15
Insidedewar(8) 10

ReflectiveOptics: 2 Beam-reducer(Cassegrain) 20
4 Off-axisparaboloids 20
2 Toroidals 10

Beamcombiner 20
2 Beamsplitters (90:10,photometricbeams) 5
2 Dichroics (10/20 �K´ separation) 10
4 Filter (a2500,-DM) 10
Grismor grating 30
WindowsandFieldstops 5
2 Camerasystem2(with 2 Lenses) 10
Slits andpupil masks 3
Calibration source/comparisonlight 1
Stages,holders 10
Planningcosts: Opticalcomputation(verification) 15
Divers 36
Total: 230

Mechanics

Instrumentalignmentset-up 10
Divers 10
Total: 20
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Cryo-system:

Cryostathousing(MPIA) 30
ClosedcyclecoolerLeybold4.2GM 65
ExternalN2 Tank,handlingtools 5
RoughingpumpLeyboldD40B(Prepumpingto ¢_�¶µ¶­ ) 12
Turbomolecularpump+ controller( ¢_�¶µ¶­ to ¢_�¶µ¶· ) 25
VacuummeasuringsystemBalzersTPG300 9
SevenValves 10
Six feedthroughs( a2000,-DM) 12
Shockabsorbers,O-rings,etc. 5
Tubes(500,-DM per2 m) 5
vacuumconnectors 10
Maintenancecarriage,divers 22
Total: 210

Laboratory, development, testing

Two localPC(labtopwith desktop) 12
Numericalanalysissoftware 12
(MathLabfor VLTI end-to-endmodel,Opticprogram,etc.)
®¸¯ ­ Laser 26
Watercooler 5
Beamadaption:
In size(Lenses) 4
In flux (2 Beamsplitters94:6) 5
Mirrors, Optics: 15
Pyroelectricarraycamera 30
2 Polarizers 9
Stages,Mechanicalparts 20
Divers 42
Total: 180

Notes:

1. nosparepartsincludedin costestimate

2. Detector:SBRC:96k$, Rockwell256x 256: 100k$
If 32 read-outchannelsneeded:3500,-DM perchannel¹ + 56000,-DM

3. PiezoUnit with strokeof 100 º¼» , includingcontrolunit andabsolutepositioning:10kDM

4. Beam-dividerwith 50:50,glassplate:2 kDM, Chargefor coating:15kDM

5. Alu-Mirror: Mirror: 6 kDM, coating:1.5kDM

6. Filter: typically 2 ... 4 kDM

7. Travelcosts:goodestimateis 10%of total costs
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13.2 Needed manpower, resources

Weestimatethata totalof 15manyearswill benecessaryto developthemid-infraredinterfero-
metricinstrument.Of these,abouttwo manyearscanbecontributedby theKiepenheuerInstitut
für Sonnenphysikin Freiburg by MeudonObservatoryandby theLandessternwarteThüringen.

A majoruncertaintyin theamountof thefinally availableresourcesis thependingapplication
of theDutchmembersof ourstudygroup,whichright nowhasmasteredthepre-selectionstage,
andwhichwill bedecidedby May 1, 1998.

Apartfromthefinancialcontributionsof theMeudonObservatoryandof theKiepenheuerIn-
stitutfürSonnenphysik,totallingabout200.000.-DM, thecostshavetobecoveredfromthebud-
getof theMax-Plamck-Institutfür Astronomieoverthethreeyearspanassignedto theproject.

For completenesswe repeatour assumptionthatESOwill takeovertravelcoststo Paranal
for testing,commissioningor observingwith theinstrument.


