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The STELLA-I project: a 1.2mrobotic telescopefor high-resolution
echellespectroscopy
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Abstract. We presenta brief overview andreporton thestatusof theSTELLA project(abbreviation for STELLarActivity,
seealsoStrassmeieret al. 2001).The STELLA-I telescopewill be the �rst robotic telescopethat feedsa bench-mounted
echellespectrographwith a setof 50 and100	 m �bres andprovidesresolutionsof up to 50,000with a 1 arcsec-slitanalog.
Thespectrographis a FEROS-like designlocatedin a separatedtemperature-controlledroomwithin theSTELLA building
to guaranteelong-termstability. The building will have a roll-off roof capableof hostingtwo telescopes.First light for
STELLA-I is plannedfor fall 2002.
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1. Intr oduction

Themagnetic�elds of cool starslike theSunarebelievedto
be generatedby a dynamoseatedsomewherein or nearthe
convective envelope.The basisfor this picture are seismic
observationsof ourSun,wherestrongevidencehasnow been
build up thata thin layerbelow theconvectivezonehoststhe
physicalmechanismthatwe call thestellardynamo.It is the
zonewherebuoyantmagnetic�elds startto rise throughthe
convectionzoneto form bipolarsurfacemagnetic�elds and
relatedphenomenalikecool starspots.

STELLA is a tool to study the surface magnetismof
solar-like starson time scalesfrom hoursto decades.Such
a facility �lls an observationalnichethat is nowadaysfully
untouchedby the large observatoriesin the world. Further-
more,STELLA is afully roboticobservatory. It will hosttwo
1.2mautomatictelescopes– STELLA-I for spectroscopy and
STELLA-II for photometryandimaging– andthusis achal-
lengingfurtherstepfor moderntelescopeengineeringandin-
telligentoperating.

Correspondenceto: KStrassmeier@aip.de;www.aip.de/stella

2. The robotic building and the STELLA
control system

The STELLA building will be locatedat the IAC's Teide
Observatoryon the islandof Tenerife(+28
 latitudenorth),
2400mabove sea.To avoid domeseeinganddometracking,
andalso to take full advantageof the fastslewing capacity
of thetelescope(s),a largeroll-off roof building waschosen.
Fig.1 showsaapanopticumof thecurrentconstructionstatus
(STELLA-I will bein theleft sideof thebuilding, STELLA-
II in the right). Both telescopeswill have accessto the full
sky down to approx.15
 abovethehorizon.Thebuilding has
a total of 60 m

�

of support-roomarea,including a spectro-
graphroom, two roomsfor the telescopeoil pumps,anda
largeelectronicsroomincludingtheUPSbatteriesandall the
computers.

A Java-messagesystemunder Linux compromisesthe
STELLA control system(SCS).It operatestheentireobser-
vatory asa slave of two weatherstationsandvariousother
sensors.Thereadingsfrom theseweatherstationsplusanin-
ternalclock decideuponall actionsof the roof andthe tele-
scopes.They give the �nal approval to openthe roof once
a certain zenith distanceof the Sun below the horizon is
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Fig.1. TheSTELLA building. Top left andright: at theconstructionsitein May 2002.Roofclosedandopen,respectively. Bottomleft and
right: telescopebayandcontrolroom,respectively in August2002.

reached.Becauseof safetyreasons,both roofsareequipped
with a redundantweatherstation,consistingof � ve sensors
each(wind, wind direction, rain, air pressure,temperature
andhumidity).Thereadingsfrom theseweatherstationspro-
vide the input for the SCSthat decidesupon roof opening
or closing.The SCSis describedin more detail in a paper
by Granzeret al. (2001).A seriesof temperatureandhumid-
ity sensorsthroughoutthebuilding, thelimit switcheson the
roof, andtwo Web cameras(oneinsideandoneoutsidethe
building1) will provideadditionaloperatingdatato theSCS.
In a secondphase,we will add the all-sky cloud-coverage
sensor(basedon a small CCD camera)to the SCS.At the
moment,it is anticipatedto provide stand-aloneinformation
to the operatorsat their homeinstitutions.Specialattention
hasbeenpaidto lightning protectionof theelectricalsystem
and the computernetwork, including an UPS that runs the
computernetwork andtheroofsin caseof apower failure.

TheentireSTELLA observatoryis runby 11PCcomput-
ers(plustwo calibrationcomputers)undertheLinux operat-
ing system.Eachcomputeris in chargeof aparticularinstru-
ment:a �re wall, the building PC, the spectrographPC, the

1 seewww.aip.de/stella/locationfor a live imageof theSTELLA
building

telescopePCs,andthe (scienti�c) CCD cameraPCs.These
computersget their instructionsfrom theSCScomputerand
reply to it via a Java messagesystemthrougha fastether-
net connection.An optimal observingstrategy for a given
numberof scienti�c targetsin a given time interval is com-
putedand executed.However, the astronomerstill tells the
telescopewhatto observe(hopefully)!

3. The telescope

As the standardrule in automation,the mechanicsmustbe
assimpleaspossibleto ensurehighestreliability. Any dead-
locks in the mechanicsor to endswitches– especiallytrue
for, e.g.,mirror covers(!) – area potentialkill for a robotic
observingmode.The�rst of thetwo STELLA telescopeswas
producedby thefactoryof TELESKOPTECHNIK HALFMANN

nearAugsburg, Germany. Fig. 2 shows thetelescopealready
in its teststandat theHamburgerSternwartein August2002.
Delivery to the �nal site is foreseenfor fall 2002.STELLA-
I is a 1.2m(f/3 primary mirror) f/8 Cassegrain systemwith
a Carl-ZEISSZerodurmirror, an alt-azmount,anda single
Nasmythfocuswith a mechanicalimagederotator.
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Fig.2. The STELLA-I telescopein the test building at the Ham-
burgerSternwartein Hamburg-Bergedorfin August2002.

Fig.3. The M1 mirror supportfor STELLA-I. A total of 18 axial
and12 radialhardpointssupportthe1220mmmirror (thicknessof
125mm).Picturecourtesyof TeleskoptechnikHalfmannGmbH.

The testprotocolof themainmirror veri�ed a spotcon-
centrationof 80%of the light in 0.5”, and � 90%in 1” over
theentire�eld of view of 7'. TheM1 cell is basedon ESO's
NTT designandbalancesthemirror with 18 axialand12 ra-
dial hardpoints(Fig. 3) . The azimuthbearingis hydraulic
with a total of 12 pads.Positioningprecisionis 5” over the
entiresky (with a pointingmodel)while theacquisitionand
guidingprecisionis approximately0.2”.

4. Acquisition and guiding

Extensive testsof �bre performance(focal ratio degradation,
transmission,pressuredependence,andasimulationwith re-
alistic injection including the telescope's secondarymirror)
led to the selectionof the 50� m and 100� m CeramOptec
�bres. Becausewe intendto reach ������� of � 50,000,a �-
brecoreof lessthan50� m is needed.Theentranceaperture
on the sky for both �bres will be �x ed to 2.5” but the user
canchoosebetweenthetwo �bres. Fibrelengthwill be � 10–
15m.

Fig. 4 shows the Zemaxdesignof the entireacquisition
andguidingunit (AGU).Acquisitionis basedonaST-7 CCD
with a useable�eld of view of 1.5 arcmin.Eachof two ex-
changeable�bre positionersconsistof a �x ed tilted mirror
with a central120� m hole (2.5”) and a xyz-adjustablemi-
crolensplus the50 or 100� m �bre, respectively. Oncea tar-
getis pickedupby theST-7 camera,its offsetfrom theoptical
axis(or centerof guiding)is determinedandforwardedto the
controlsystemto movethetelescope.A spiral-searchpattern
will be initiatedautomaticallyin casethetarget is not found
within the ST-7 FOV. Oncethe target is on-axis,a second
CCDcamerawill pick up3-4%of its light for guiding.

Guidingwill bedoneon thetargetlight itself with a fast-
scanCCD. Simulationshave shown that this methodis su-
periorthantheaperturemethod,whereguidingis performed
ontheremaininglight thatdoesnotenterthe�bre module.A
comparisonof theexpectedpositioningcorrelation(i.e.guid-
ing errors)for threeseeingdiameters(1, 1.5, and2 arcsec)
proofedthebeam-splittermethodto besuperiorto theaper-
ture method.An atmosphericdispersioncorrectorwill cor-
rect thezenith-dependentatmosphericspectrumbefore�ber
entrance.

The AGU alsoallows to insert light from standardcali-
brationlampsthatarelocatedwithin thesameadapterbox.

5. The Echellespectrograph

The STELLA spectrograph(Fig. 4) is a “light” versionof
ESO's FEROS concept(Kauferet al. 1998)andis basedon
a 31-l/mmechellegratingandtwo paraboliccollimatorsand
asmallfolding mirror. A prismis usedasthecrossdisperser.
Beamdiameteris 130mm.Thecamerais a f/2.7 katadioptric
Schmidtsystemwith a spherical370	 240mmmirror anda
200mmcorrectorplate.Two setsof �bres will be available
allowing for two differentspectralresolutions.A 50� m �bre
allows for a resolutionof 50,000while a 100� m �bre en-
ables25,000.We estimatean overall ef�ciency of the spec-
trographcloseto or evenslightly betterthanFEROS.A large
gas-stabilizedopticalbenchwith a thermallyinsulatedcover
(in athermallycontrolledroom)will guaranteelong-termop-
tical stability.

In its �rst-light version,thespectrographwill beequipped
with a Marconi CCD42-402048	 2048pixel thinnedCCD
with 15� m pixel size and run by the CopenhagenCCD
second-generationcontroller. Its peakquantumef�ciency is
near90% at 650nm,andstill 65% at 400nmand800nm.A
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The ST E LL A sp ectrograph

Fig.4. TheSTELLA spectrograph.Top:Zemaxdesignfrom thetelescopefocusthroughtheCCDcamera.Bottom:Firstset-upin theoptics
labat theAIP.

Cryo-Tiger closed-loopcoolerwill maintainthedewar tem-
peratureat )+*-,/. 
 C.

The automaticdatareductionpipeline is describedin a
separatepaper(Ritter& Washuettl,thisproceedings).Brie�y ,
the pipeline is basedon the NOAO Image Reductionand
AnalysisFacility (IRAF) andconsistsof a numberof IRAF
commandlanguagescriptswhich are invoked by a master
script.The raw imagesfrom the telescopearetoo big (esti-
mated9MB per image)to be transferreddirectly via Inter-
netto Germany. Therefore,thereductionprocessis split into
two parts.The�rst part is doneon a local computerattached
to the telescopeuntil thestepof apertureextraction.There-
sulting one-dimensionalspectra(now about800 kB in size)
arethenautomaticallytransferredto theAIP andtheObser-
vatoryHamburg wherethereductionprocesscontinueswith
Thorium-Argonemission-lineidenti�cation, wavelengthcal-
ibration,normalizationandradial-velocitymeasurement.
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