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Abstract. A collaborationof 14 groupsis currentlybuild-
ing a 17 m diameterimagingCherenkov telescope,dubbed
MAGIC telescope.Mostof thecomponentsarealreadybuilt
or areshortly beforecompletion. The telescopewill be in-
stalledon the CanaryislandLa Palmaat the Roquede los
Muchachos.A technicalprogressreportwith emphasison
the latestdevelopmentswill begiven. In addition,perspec-
tivesfor thephaseII will bepresented.

1 Introduction

Very high energy, groundbasedgamma-ray(short � ) astron-
omy with large imagingCherenkov telescopeshasdemon-
stratedby many exciting resultsin the last decadethat this
techniquehasa big potentialfor thenew field in astroparti-
cle physicsresearch.Currently, thereexists an observation
gapbetween,say20 GeV (upperlimit of satellitebornede-
tectors)and about �������	�
��� GeV (lower limit of present
groundbasedtelescopes).While presentday telescopesare
only ableto observesourcesof thenearbyuniversethenew,
low threshold,high sensitivity detectorsexploring this en-
ergy gapmight allow oneto observe the � sky up to abouta
redshiftof nearly3. Onesuchproject,theso-calledMAGIC
telescope(MAGIC phaseI, i.e. with a cameracomprising
classicalphotomultipliers),is underconstructionby aninter-
nationalcollaborationof 14 institutions. MAGIC is a sin-
gle 17 m diameterair Cherenkov telescopeemploying many
novel technologies.Theoriginalprojectis describedin ade-
tailed designreport (?) and was presentedduring the last
ICRC (?). The physicsgoalshave alsobeendescribedex-
tensively in variousreports.As theprojectis now fairly ad-
vancedin its construction,anupdateof thechangeswith re-
spectto thedesignreport,respectively a statusreportwill be
given.In thesecondmainpartof thispapertheperspectives,
respectively new developmentsfor MAGIC phaseIIwill be
presented.
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2 Status of MAGIC

Theessentialgeometricalandperformanceparametersof the
MAGIC telescopearethesameonesasoutlinedin thedesign
report.Thetelescopewill besetupinsidetheHEGRAsiteon
theRoquede los Muchachos(28.8N, 17.8W, 2250m asl).
Theagreementfor thesiteusewassignedin June2000with
the IAC andCCI. For the constructionpermit for the foun-
dationweencounteredsomeproblemsbecauseof theinstal-
lation in theso-called’preparque’areaof anationalparkbut
now only minor administrative actionsareneededand it is
expectedthatthepouringof thefoundationwill takeplaceat
the time of theconference.Contraryto theHEGRA instal-
lation therewill be a permanentlarge centralisedcounting
house,housingalsoa smallopticaltelescope.

Thedesignandfabricationof theentiretelescopestructure
hasbeencompletedat the company MERO andis awaiting
transportto La Palma in early June. Material testsof the
carbonfiber tubesfor thespaceframehave revealedthatthe
strengthis higher than originally anticipated(safetyfactor� � for thecritical gluejoints). Thegeometryof themirror
supportspaceframehasbeenslightly changedfrom theorig-
inal ’basket’ version,to asmallerdiametermultilayerspace-
framestructure.By thischangethenumberof tubescouldbe
significantlyreducedwithoutcompromizingin deformation.
Themirror supportdishweighs5 tons. TheMERO mount-
ing principleallows for a quitefastassembly. This hasbeen
demonstratedfor a �� sectionassemblywithin 5 hours.The
Azimuthundercarriagesectionof thetelescopeis now made
from steel(insteadof aluminium)dueto the needfor some
increasein weight to guaranteestability in strongwinds. In
caseof extremestorms,thetelescopecanbeanchoredin one
of six azimuthpositionsto the400ton concretefoundation.
The entire telescopeweight is slightly below 40 tons. The
telescopehas6 bogeys,two of themdrivenby 10kW servo-
motors.Thedeclinationmovementsarecontrolledby a third
motor. Detailedanalysisof the mechanicsshowed that the
telescopecouldbepositionedto any point on theaccessible
sky in lessthan20 secwhenusingoptimisedcontrol soft-
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ware.This rapidresponseis neededin caseof GRBalerts.
Trackingcontrol is basedon shaftencoders( ��� ���� preci-

sion) augmentedby a starguiderto betterthan ��� ����� preci-
sion. Therangeof allowedmovementsare ��
�
� in azimuth
and �������� to ���
�
� in zenithangle.

The productionof the newly developeddiamondturned,
lightweight, all-aluminiummirrors is proceedingaccording
to theplans(thefundingflow requiresthata certainfraction
of themirrorscanonly bepaid in 2002). Thedevelopment
of themirrorsunderwentmany iterations.Bestopticalqual-
ity wasfound for mirrorsusingthealloy AlMgSi0.5 giving
a reflectivity of typical ����� aftersurfacetreatment(anodis-
ationor quartzcoating).Thealloy is rathersoft anddifficult
to machine;thereforewesettledfor thealloy AlMgSi1.0 re-
sultingin slightly lowerreflectivity of ����������� . Theweight
of a typical 49.5x49.5cm productionmirror is 4.0 kg. Mir-
rors have a typical point spreadfunctionof �
� ��� ��� � mrad
(FWHM) whenilluminatedby a3 mmdiameterpointsource
at 34 m distance.For normalpreventionof dew or ice de-
position(in winter), the mirrors areheated.The maximum
powerconsumptionfor theentiremirror is 13kW undernor-
mal operation.

Dueto costandweightrestrictionsthe17m diametermir-
ror supportdishcouldnot bemadeinfinitely stiff. Residual
bendingrequiresactive mirror adjustmentfor permanentfo-
cussing.

For theactivemirrorcontrol(AMC) eventuallyanin-house
solutionhasbeendevelopedconsistingbasicallyof astepper
motor anda precisionballspindelwith a settingerror of 20
micron.Eachmotor(2 for apanelcarryingfour pre-adjusted
mirrors)canlift up to 60kg, i.e. 6 timesmorethannormally
required.Thecontrolsoftwareis rathercomplex andstill not
completedbecausewewantto eventuallyadjustmany panels
simultaneously.

ThecameraFOV hasanoveralldiameterof ��� �
� andcom-
prisesaninner, finepixelisedsectionof 396photomultipliers
(PMT) of 24 mmdiameter(with Winstonconescorrespond-
ing to ���!��� size)andan outercoarsersectionof 180 PMTs
correspondingto a ���"��� size. The PMTs have true hemi-
sphericalcathodesandonly 6 dynodesfor optimal timing,
photoelectroncollectionandlow gain. The company Elec-
tronic Tubesdevelopedthe PMTs accordingto our specifi-
cations.With speciallyshapedWinstonconesit is possible
thatthetrajectoryof photonsoftenpassesthecathodetwice,
thus increasingthe quantumefficiency (QE) by ���#�$���� .
The PMTs areoperatedat arounda gainof ���"��� � x ����% in
orderto reduceageingandto allow for observationsduring
moonlight.ThePMTsarefollowedby fast,AC coupledtran-
simpedanceamplifiersfollowedby theopticalanalogsignal
transferwith multimodeglassfibersto transfersignalsto the
centralcountinghouse.Thecamerais housedin a contain-
mentof 50cm heightand145cm diameter, andtotalweight
is around280kg. About 800Wattsof heataregeneratedby
thecircuits,requiringadditionalcoolingof thecamerahous-
ing. The cameracanbe displacedby up to 30 cm to cope
with specialoperationconditionsandmirror adjustmentre-
quirements.For thefocal lengthof 17 m thecamerais quite

far above groundandproneto wind interactions. Accord-
ing to simulations,awind gustof 5 m/secchangein velocity
shouldinitiateastronglydampedoscillationof atmost4 mm
displacement.A CCDcamerawill monitorthesemovements
for latersoftwarecorrection.

Theoptical links have causedsomeproblems.While the
bandwidthof the systemwas more than adequatefor the
transmissionof the fastPMT signals,the amplitudestabil-
ity is just at anacceptablelevel. Thelaserdiodes(VCSELs
with 850 nm emission)sometimesshow modehoppingre-
sulting in a few � gain jumpswhich cannotbe fully cali-
bratedout by testpulses.Eventually, thecurrentmultimode
VCSELshave to bereplacedby monomodeVCSELswhich
aredroppingrapidlyin price,respectivelyby unitswith inter-
nal fastphotodiodesallowing for a feedbackdriving circuit.
The optical fiber cables(10 units of 16 mm diametereach)
containeach72multimodefibersof 50microncoreand125
microncladding.As connectorstheDiamondE2000system
hasbeenadopted.This ratherexpensive systemgivesvery
reproduciblevaluesandhasan integratedsafetyflap (Class
3B lasersareused). Signalattenuationanddistortionover
the170m cablesarefoundto beminimal.

As digitizersa 300 MHz FADC systemdesignedby the
Universityof Siegen,hasbeenadopted.A specialchallenge
is thereadout(via multiple independentPCIbusses)in order
to sustaina normal trigger rateof up to 1kHz. As trigger,
a multilevel conceptwill be used. Level 0 (discriminators
anda simplemajority coincidence)is rathereasyto imple-
ment.Thebackboneis formedby thelevel 1 triggerproces-
sor(basedonFPGAs)allowing for next neighbourtriggersof
freely selectablemultiplicity level ( �'&(��&)� ..neighbours)and
pattern.Theexactconfigurationof the level 2 trigger(topo-
logical trigger) will be implementedin part on level 1 type
units or by the additionof dedicatedNN triggersoncereal
dataareavailable. The trigger will fetch informationonly
from the inner part of the camera( ��� �� radius). According
to MC studiesusingthe latestshower simulationsandtele-
scopeparametersandcorrectpulsesuperposition,weexpect
for a fourfold next neighbourtrigger of 6 nsecwidth anda
pixel thresholdof 3.8 photoelectronsa thresholdaround30
GeV. For a moreconservative triggerwith a pixel threshold
of � � photoelectronsandneglectingthegaindueto theim-
provedWinstonconesweexpecta thresholdaround45GeV
(seecontribution O. Blanch,OG 2.05). For specificpulsar
studies,the trigger areawill be restrictedto the inner cam-
erasectionof ���"��� radius. This areawill be equippedwith
selectedhigherQE PMTs andthe trigger conditionwill be
relaxed. Seerelatedcontribution by F. Fonsecaat this con-
ference.For thepulsartriggerwe expecta ratherflat depen-
denceon theenergy with a maximumcloseto ���*�$��� GeV
andasizeablenumberof triggeredeventsbelow 10GeV. The
triggerstudiesandthe searchfor new conceptsarestill on-
going.

Thesoftwaredevelopmentsarefairly advanced.Simulated
eventscan be processedby the currentversionof the data
reconstructionchain. As mentionedabove, the MC simu-
lationsarepermanentlyrefinedtaking all availabledetector
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parametersaswell asatmosphericparametersinto account.
Many efforts concentrateon theunderstandingof themuon
and cosmicelectronbackgroundwhich seemnot to cause
majorproblems.

Thecostsof the telescopeare(undertheassumptionthat
no lateoverrunsor unexpectedextraneedsoccur)around3.5
M $ (only investments,no infrastructureincluded).

3 First Light and start of the physics runs

About 3 yearsagothe datefor the ’First Light’ wasset to
mid 2001. This decisionwasbasedon the assumptionthat
theverymany technicaldevelopmentscouldbesuccessfully
completedin time andthe fundingflow wasadequate.Un-
fortunately, sometechnicalproblemshave beenencountered
whenplanningproductionin industry(mostof the compo-
nentsof MAGIC weredesignedin closecollaborationwith
industryfor laterindustrialproduction).Alsoavailablework-
shopcapacityin mostparticipatinginstituteswaslimited be-
causea large demandfor HEP experiments. In addition,a
substantialamountof thefundingwasonly releasedlastfall.
’First Light’ will bedelayedby afew monthsbut thephysics
runsshouldstart,asforeseen,in early2002.Theplanningof
a specificobservationprogramhasbeenpostponeduntil real
dataareavailable. It is hopedthat onecanstill observe at
first theCRAB nebula andusethedatafor calibrations.The
AGN studies,asoutlinedin the physicstargetsof MAGIC,
will very likely dominatein thefirst yearof operation.End
of 2002thededicatedtriggerfor a low thresholdobservation
of theCRAB will hopefullybe readyin orderto searchfor
pulsedemission.

Multiwavelengthobservationswill beanessentialpartof
the observation program. Discussionsare underway with
AGILE for rapidinformationof flaringsourcesandwith IN-
TEGRAL for dedicatedAGN observations.During mostof
theAGN observations,it is plannedto haveco-ordinatedop-
tical observationswith the60cmKVA telescopeoperatedby
theTuorlagrouponLa Palma.

4 Ideas and perspectives for MAGIC phase II

Oncethe new technologiesfor MAGIC have proven to be
successfulwe intendto preparethephaseII which will fol-
low two directions:i) developmentof technologywhichwas
consideredtoo risky or too expensive for phaseI and ii) a
multiple telescopeobservatoryfor eitherstereoobservations
or simultaneousmultiplesourceobservations.

4.1 Next stepsin technologydevelopments

Mostof theactivitiesconcentrateonthedevelopmentof pho-
tosensorswith photocathodesof higher, redextendedQE,as
outlinedin thedesignreport.Insidethecollaborationat least
4 activities arepursuedalongtwo directions. Very promis-
ing is a projectwith a leadingPMT manufacturerwho has
alreadysolvedmostof theproductiontechnologyfor an18

mmdiameterhighQE,redextendedphotocathode.Theother
activity to improve the PMTsconcentrateson replacingthe
classicaldynodesby electronbombardedavalanchediodes.

Hereweprofitverymuchfromtheexperienceof onegroup
developingavalanchephotodiodesfor HEPandnuclearmed-
ical applications.We arecloseto finalisethe development
contractfor a hybrid PMT with an18 mm diameterGaAsP
photocathodeof improved photonsensitivity and an APD
with a combinedgain of 7x10% . The currentMAGIC cam-
eracouldatearliestbereplacedby oneof photosensorswith
about3 times higher QE in about2.5 years,provided the
fundscanbefound.

Anothertechnologicaldevelopmentfor phaseII aimsfor
animprovedpulsetimerecordingsystem.ThecurrentPMTs
generateoutputpulsesof 1.5nsecwidth.

A recordingsystembasedona ���+���"� GhzFADC system
shouldin principleallow oneto improve on gamma/hadron
separationandon furthernightsky backgroundsuppression.

Ghz FADCs arevery expensive andpower-hungry. The
relatively low MAGIC trigger rate allows for large multi-
plexing, i.e. about40 channelscould be multiplexed on to
oneFADC. (seealsoreportby Mirzoyan2001)at this con-
ference.

4.2 Multiple telescopesat thesite

In parallelwe arestudyingtheaugmentationof the installa-
tion in La Palmaby morelarge IACTs,both for stereoob-
servations,alongthe lines asoutlined in the designreport,
andfor multiplesourceobservations.Thecurrentlyallocated
areain La Palmahasroomfor 2 morelargetelescopes,which
canbeseparatedupto 120m. Thereis plentyof roomfor the
DAQ in thecentralcountinghouse.As thetriggerelectronics
is locatedalsoin thecentralcountinghousecomplex coinci-
denceschemescaneasilybeimplemented.

Oneof the planningdifficulties for further expansionsis
the generalexperiencethat new ideasand the technology
in this field are rapidly developing. The currentmechan-
ical telescopeconceptis easily expandablein size to 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.
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