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Abstract. A collaborationof 14 groupsis currently build-

ing a 17 m diameterimaging Cherenkv telescopedubbed
MAGIC telescopeMost of the componentsirealreadybuilt

or areshortly beforecompletion. The telescopewill bein-

stalledon the Canaryisland La Palmaat the Roquede los

Muchachos.A technicalprogresseportwith emphasison

the latestdevelopmentswill be given. In addition, perspec-
tivesfor thephasdl will bepresented.

1 Introduction

Very high enegy, groundbasedamma-ray(short~) astron-
omy with large imaging Cherenkv telescopeshasdemon-
stratedby mary exciting resultsin the last decadethat this
techniquehasa big potentialfor the new field in astroparti-
cle physicsresearch.Currently thereexists an obsenation
gapbetweensay20 GeV (upperlimit of satellitebornede-
tectors)and about250 — 300 GeV (lower limit of present
groundbasedelescopes)While presentday telescopesre
only ableto obsene sourcesf the nearbyuniversethe new,
low threshold,high sensitvity detectorsexploring this en-
ergy gapmightallow oneto obsenethe~ sky upto abouta
redshiftof nearly3. Onesuchproject,the so-calledVAGIC
telescopg MAGIC phasel, i.e. with a cameracomprising
classicaphotomultipliers)js underconstructiorby aninter-
nationalcollaborationof 14 institutions. MAGIC is a sin-
gle 17 m diameterair Cherenlv telescopeemploying mary
novel technologiesTheoriginal projectis describedn ade-
tailed designreport (?) and was presentediuring the last
ICRC (?). The physicsgoalshave alsobeendescribedex-
tensviely in variousreports.As the projectis now fairly ad-
vancedn its constructionan updateof the changesvith re-
spectto thedesignreport,respectiely a statusreportwill be
given.In thesecondmainpartof this papertheperspecties,
respectiely new developmentdor MAGIC phasellwill be
presented.
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2 Statusof MAGIC

Theessentiajeometricahndperformancearametersf the
MAGIC telescoparethesameonesasoutlinedin thedesign
report. Thetelescopavill besetupinsidetheHEGRASsiteon
the Roquede los Muchachog28.8N, 17.8W, 2250m asl).
Theagreementor the siteusewassignedin June2000with
the lAC and CClI. For the constructionpermitfor the foun-
dationwe encounteredomeproblemshecaus®f theinstal-
lationin theso-calledpreparque’areaof a nationalparkbut
now only minor administratve actionsare neededandit is
expectedhatthe pouringof thefoundationwill take placeat
thetime of the conference.Contraryto the HEGRA instal-
lation therewill be a permanentarge centralisedcounting
house housingalsoa smallopticaltelescope.
Thedesignandfabricationof theentiretelescopestructure
hasbeencompletedat the compary MERO andis awaiting
transportto La Palmain early June. Material testsof the
carbonfiber tubesfor the spaceramehave revealedthatthe
strengthis higherthan originally anticipated(safetyfactor
> 5 for thecritical gluejoints). The geometryof the mirror
supportspacdramehasbeenslightly changedrom theorig-
inal 'baslet’ version,to asmallerdiametemultilayerspace-
framestructure By this changehenumberof tubescouldbe
significantlyreducedwvithout compromizingn deformation.
The mirror supportdishweighs5 tons. The MERO mount-
ing principle allows for a quitefastassembly This hasbeen
demonstratetbr a5% sectionassemblyvithin 5 hours.The
Azimuth undercarriagsectionof thetelescopés now made
from steel(insteadof aluminium)dueto the needfor some
increasdan weightto guaranteestability in strongwinds. In
caseof extremestorms thetelescope&anbeanchoredn one
of six azimuthpositionsto the 400ton concretefoundation.
The entiretelescopeneightis slightly belov 40 tons. The
telescopéas6 bogeys, two of themdrivenby 10 kW seno-
motors.Thedeclinationmovementsarecontrolledby athird
motor. Detailedanalysisof the mechanicshoved thatthe
telescopecould be positionedto ary point on the accessible
sky in lessthan 20 secwhenusing optimisedcontrol soft-
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ware. Thisrapidresponsés neededn caseof GRB alerts.

Trackingcontrolis basedon shaftencoderg0.04° preci-
sion) augmentedy a staguiderto betterthan0.01° preci-
sion. Therangeof allowed movementsare405° in azimuth
and+100° to —80° in zenithangle.

The productionof the newly developeddiamondturned,
lightweight, all-aluminium mirrorsis proceedingaccording
to the plans(thefundingflow requiresthata certainfraction
of the mirrors canonly be paidin 2002). The development
of themirrorsunderwentmary iterations.Bestoptical qual-
ity wasfoundfor mirrorsusingthe alloy AIMgSi0.5 giving
areflectvity of typical 91% aftersurfacetreatmenianodis-
ationor quartzcoating).Thealloy is rathersoft anddifficult
to machinethereforewe settledfor the alloy AIMgSil1.0re-
sultingin slightly lowerreflectvity of 88 — 89%. Theweight
of atypical 49.5x49.5cm productionmirror is 4.0 kg. Mir-
rors have a typical point spreadfunctionof 1.5 — 2.0 mrad
(FWHM) whenilluminatedby a3 mmdiametempointsource
at 34 m distance. For normal preventionof dew or ice de-
position (in winter), the mirrors are heated. The maximum
powerconsumptiorfor theentiremirroris 13kW undernor-
mal operation.

Dueto costandweightrestrictionghe 17 m diametemir-
ror supportdish could not be madeinfinitely stiff. Residual
bendingrequiresactive mirror adjustmentor permanento-
cussing.

Fortheactivemirror control(AMC) eventuallyanin-house
solutionhasbeendevelopedconsistingoasicallyof a stepper
motor and a precisionballspindelwith a settingerror of 20
micron. Eachmotor (2 for apanelcarryingfour pre-adjusted
mirrors)canlift upto 60kg, i.e. 6 timesmorethannormally
required.Thecontrolsoftwareis rathercomplex andstill not
completedbecauseve wantto eventuallyadjustmary panels
simultaneously

Thecamerd=0OV hasanoveralldiameteiof 3.9° andcom-
prisesaninner, fine pixelisedsectionof 396photomultipliers
(PMT) of 24 mm diameter(with Winstonconescorrespond-
ing to 0.1° size)andan outercoarsersectionof 180 PMTs
correspondingo a 0.2° size. The PMTs have true hemi-
sphericalcathodesand only 6 dynodesfor optimal timing,
photoelectrorcollectionandlow gain. The compaly Elec-
tronic Tubesdevelopedthe PMTs accordingto our specifi-
cations. With speciallyshapedVinstonconesit is possible
thatthetrajectoryof photonsoften passeshe cathodewice,
thusincreasingthe quantumefficiengy (QE) by 15 — 20%.
The PMTs are operatedat arounda gain of 1.5 — 2x10* in
orderto reduceageingandto allow for obsenationsduring
moonlight. ThePMTsarefollowedby fast,AC coupledtran-
simpedancamplifiersfollowedby the opticalanalogsignal
transferwith multimodeglassfibersto transfersignalsto the
centralcountinghouse.The cameras housedn a contain-
mentof 50 cm heightand145cm diameterandtotal weight
is around280kg. About 800 Wattsof heataregeneratedy
thecircuits,requiringadditionalcoolingof the camerghous-
ing. The cameracanbe displacedby up to 30 cm to cope
with specialoperationconditionsandmirror adjustmente-
qguirementsFor thefocal lengthof 17 m thecameras quite

far abore groundand proneto wind interactions. Accord-
ing to simulationsawind gustof 5 m/secchangen velocity
shouldinitiate a stronglydampedscillationof atmost4 mm
displacementA CCD camerawill monitorthesemovement:
for latersoftwarecorrection.

The optical links have causedsomeproblems. While the
bandwidthof the systemwas more than adequatefor the
transmissiorof the fastPMT signals,the amplitudestabil-
ity is just atanacceptabldevel. Thelaserdiodes(VCSELs
with 850 nm emission)sometimesshav modehoppinge-
sultingin a few % gain jumpswhich cannotbe fully cali-
bratedout by testpulses.Eventually the currentmultimode
VCSELshave to bereplacedoy monomodeVCSELswhich
aredroppingrapidlyin price,respectiely by unitswith inter-
nal fastphotodiodesllowing for a feedbacldriving circuit.
The optical fiber cables(10 units of 16 mm diametereach
containeach72 multimodefibersof 50 microncoreand125
microncladding.As connectorshe DiamondE2000systen
hasbeenadopted. This ratherexpensve systemgivesvery
reproduciblevaluesand hasan integratedsafetyflap (Class
3B lasersare used). Signal attenuatiorand distortion over
the170m cablesarefoundto be minimal.

As digitizersa 300 MHz FADC systemdesignedby the
University of Siggen,hasbeenadopted A specialchallengs
is thereadoufvia multipleindependenPCl busses)n ordel
to sustaina normaltrigger rate of up to 1kHz. As trigger,
a multilevel conceptwill be used. Level O (discriminator:
anda simple majority coincidence)s rathereasyto imple-
ment. Thebackbonas formedby thelevel 1 triggerproces
sor(basednFPGASs)allowing for next neighboutriggersof
freely selectablemultiplicity level (2, 3,4 ..neighboursanc
pattern.The exactconfigurationof the level 2 trigger (topo-
logical trigger) will beimplementedn parton level 1 type
units or by the additionof dedicated\IN triggersoncereal
dataare available. The trigger will fetch informationonly
from the inner part of the camera(0.8° radius). According
to MC studiesusingthe latestshaver simulationsandtele-
scopeparameterandcorrectpulsesuperpositionywe expec!
for a fourfold next neighbourtrigger of 6 nsecwidth anda
pixel thresholdof 3.8 photoelectrona thresholdaround30
GeV. For a moreconserative triggerwith a pixel thresholc
of > 4 photoelectronandneglectingthe gaindueto theim-
provedWinstonconeswe expectathresholdaround4s GeV
(seecontritution O. Blanch, OG 2.05). For specificpulsal
studies the trigger areawill be restrictedto theinner cam-
erasectionof 0.5° radius. This areawill be equippedwith
selectechigher QE PMTs andthe trigger conditionwill be
relaxed. Seerelatedcontribution by F. Fonsecaat this con-
ference.For the pulsartriggerwe expectaratherflat depen
denceon theenepgy with amaximumcloseto 12 — 15 GeV
andasizeablenumberof triggeredeventsbelov 10GeV. The
trigger studiesandthe searchfor new conceptsarestill on-
going.

Thesoftwaredevelopmentsrefairly advanced Simulatec
eventscan be processedy the currentversionof the date
reconstructiorchain. As mentionedabove, the MC simu-
lationsare permanentlyrefinedtaking all available detecto
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parameteraswell asatmospherigparameterento account.
Marny efforts concentrat®n the understandingf the muon
and cosmic electronbackgroundwhich seemnot to cause
majorproblems.

The costsof the telescopeare (underthe assumptiorthat
nolateoverrunsor unexpectedextraneedsoccur)around3.5
M $ (only investmentsno infrastructurencluded).

3 First Light and start of the physicsruns

About 3 yearsagothe datefor the 'First Light’ wassetto
mid 2001. This decisionwasbasedon the assumptiorthat
thevery mary technicaldevelopmentsould be successfully
completedn time andthe funding flow wasadequate Un-
fortunately sometechnicalproblemshave beenencountered
when planningproductionin industry (mostof the compo-
nentsof MAGIC weredesignedn closecollaborationwith
industryfor laterindustrialproduction).Also availablework-
shopcapacityin mostparticipatinginstituteswaslimited be-
causea large demandfor HEP experiments. In addition,a
substantiahmountof thefundingwasonly releasedastfall.
'First Light” will bedelayedby afew monthsbut thephysics
runsshouldstart,asforeseenin early2002. The planningof
aspecificobsenationprogramhasbeenpostponedintil real
dataareavailable. It is hopedthat one canstill obsere at
first the CRAB nehula andusethe datafor calibrations.The
AGN studies,asoutlinedin the physicstargetsof MAGIC,
will very likely dominatein thefirst yearof operation.End
of 2002the dedicatedriggerfor alow thresholdobsenation
of the CRAB will hopefully be readyin orderto searchfor
pulsedemission.

Multiw avelengthobsenationswill be anessentiapart of
the obsenation program. Discussionsare underway with
AGILE for rapidinformationof flaring sourcesandwith IN-
TEGRAL for dedicatedAGN obsenations. During mostof
the AGN obsenationsiit is plannedo have co-ordinatedp-
tical obsenationswith the 60 cm KVA telescop@peratedy
the Tuorlagroupon La Palma.

4 Ideasand perspectivesfor MAGIC phasell

Oncethe new technologiedor MAGIC have provento be
successfulve intendto preparethe phasell which will fol-

low two directions:i) developmenbf technologywhichwas
consideredoo risky or too expensve for phasel andii) a
multiple telescopebsenatoryfor eithersterecobsenations
or simultaneousnultiple sourceobsenations.

4.1 Next stepsn technologydevelopments

Mostof theactvities concentratenthedevelopmenbf pho-
tosensorsvith photocathodesf higher, redextendedQE, as
outlinedin thedesignreport.Insidethecollaboratioratleast
4 actvities are pursuedalongtwo directions. Very promis-
ing is a projectwith a leadingPMT manugcturerwho has
alreadysolved mostof the productiontechnologyfor an 18

mmdiametethigh QE, redextendedohotocathodeTheother
actiity to improve the PMTs concentratesn replacingthe
classicaddynodesy electronbombardegvalanchediodes.

Herewe profitverymuchfrom theexperiencenf onegroug
developingavalanchghotodiodesor HEPandnucleamed-
ical applications. We are closeto finalise the developmen
contractfor a hybrid PMT with an 18 mm diameterGaAsF
photocathodeof improved photon sensitvity and an APD
with a combinedgain of 7x10*. The currentMAGIC cam-
eracouldat earliestbereplacedby oneof photosensorwith
about3 times higher QE in about2.5 years, provided the
fundscanbefound.

Anothertechnologicaldevelopmentfor phasell aimsfor
animprovedpulsetimerecordingsystem.ThecurrentPMTs
generateutputpulsesof 1.5nsecwidth.

A recordingsystembasednal — 1.5 GhzFADC systen
shouldin principle allow oneto improve on gamma/hadro
separatiorandon furthernight sky backgroundsuppressior

Ghz FADCs are very expensve and powerhungry The
relatively low MAGIC trigger rate allows for large multi-
plexing, i.e. about40 channelscould be multiplexed on to
one FADC. (seealsoreportby Mirzoyan 2001)at this con-
ference.

4.2 Multiple telescopesatthesite

In parallelwe arestudyingthe augmentatiorof theinstalla-
tion in La Palmaby morelarge IACTSs, both for sterecob-
senations,alongthe lines as outlinedin the designreport,
andfor multiple sourceobsenations.Thecurrentlyallocatec
areain La Palmahasroomfor 2 morelargetelescopesyhich
canbeseparatedpto 120m. Thereis plentyof roomfor the
DAQ in thecentralcountinghouse As thetriggerelectronics
is locatedalsoin the centralcountinghousecomplex coinci-
denceschemesganeasilybeimplemented.

Oneof the planningdifficulties for further expansionss
the generalexperiencethat new ideasand the technology
in this field are rapidly developing. The currentmechan
ical telescopeconceptis easily expandablein sizeto even
largerones(25 m—30 m diameter)but the lower cost,work
load and gain in time by simply copying MAGIC is non-
negligible. No decisionhasbeentaken.

Acknowledgements. Herewith | would like to thankmy colleague:
from the MAGIC collaborationfor providing informationandfor
mary fruitful discussionsThe projectis supporteddy the Spanist
CYCIT, theGermanBMBF, the INFN andby directuniversity and
institutefunding.

Thecollaboratiormembersare;
UniversityAutonomaBarcelonaSpain
IFAE, , BarcelonaSpain
CrimeanAstrophysicalObsenatory, Ukrainia
University of California,Davis, USA
UniversitaetssternarteGoettingenGermaiy
INR, Moscaw, Russia
Universityof Lodz, Poland
University ComplutenseMadrid, Spain



2792

Max Planckins. For PhysicsMunich, Germary
University/INFN Padova/Italy
UniversityPotschefstroongouthAfrica(only for Pulsarstud-
ies)

Universityof Siegen,Germaly

Universityof Siena/Pisaltaly

YerevanPhysicdnstitute, Yerevan,Armenia

References

Barrio, J.A., etal., The MAGIC telescopeMax-Planck-Inst.Re-
port MPI-PhE/98-51998
Martinez,M., in: Procs26thICRC,0G 4.3.08,1999



