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The Auger Fluorescence Detector Prototype Telescope
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Abstract

The PierreAuger CosmicRay Observatory will study cosmicrays above 10 EeV using both at-
mosphericfluorescencemeasurementsandgroundlevel particledetectors.A demonstrationhybrid
observatorywill commenceoperationin Argentina’sMendozaProvincenext year(2000).Thispaper
documentsthedesignfor theprototypefluorescencetelescopewhosefield of view is 30x30degrees.
The largefield of view is madepossibleby usinga Schmidtdiaphragmthateliminatescomaaber-
ration. Reflective light collectorsat thefocal surfaceresurrectdeadspacesbetweenPMT cathodes.
Thenearlyuniformfocalsurfacesimplifiesthetranslationof FADC datato fluorescencelight flux as
a functionof time,andhenceshowersizeasa functionof atmosphericdepth.Theprimaryobjective
for theAugerfluorescencedetectoris to measureaccuratelythelongitudinaldevelopmentprofilesof
showersthataredetectedin conjunctionwith thesurfacearray.

1 Introduction
In developmentsince1992,thePierreAugerProjectis a collaborationof physicistsin 19 differ-

entcountries,dedicatedto theconstructionof a powerful new observatory for studyingthehighest
energy cosmicrays(Croninet al., 1992;AugerCollaboration,1997). Thedetectorwill have good
sensitivity to all cosmicraysabove thespectrum’s ankle,with constantapertureabove

��� �
	
eV. In

orderto achieve nearlyuniform exposureto the full celestialsphere,the plancalls for two match-
ing sites– onein Argentina’s MendozaProvince andthe other in Millard Countyof Utah. Work
hasbegun at the southernsite. The full-time aperturewill be 7000km

���
sr at eachsite, provided

by arraysof waterCherenkov detectorson theground.Atmosphericfluorescencemeasurementsof
the air shower longitudinalprofileswill be madeat night usingoptical telescopes.The symbiotic
operationof thesurfacearrayandfluorescencedetectors(FDs)will providea “hybrid” datasetwith
redundancy, crosscheckson systematics,andunprecedentedsensitivity to primary particle types.
This paperdescribesthe presentdesignfor the Auger FD telescopesandplansfor a prototypeto
becomeoperationalnext year. Informationaboutthe Auger Projectis availableat www.auger.org,
andfurtherdetailsabouttheFD canbefoundat www.physics.utah.edu/ � sommers/hybrid/.

2 The telescope design
TheAugerFD telescopedesignis basedonthesuccessfulFly’sEyeandHiResdetectors(Baltru-

saitisetal.,1985;HiResCollaboration,1997).Therearesignificantinnovations,however, including



Schmidtopticsandanew electronicsdesign.(Plansfor theFADC electronicsandtriggersystemare
reportedseparately.) In orderto minimizemeasurementuncertaintiesdueto thevariableatmosphere,
multiple “eyes” will bebuilt sothatshowerswill beseenat closerrangeandsmallerfactorswill be
requiredto correctfor atmosphericattenuationby RayleighandMie scattering.With the present
layout plan for the southernsite, the median �� is 14 km, where �� is the perpendiculardistance
betweeneyeandshoweraxis.

Figure 1 is a schematicdiagramof an Auger telescope. The field of view is approximately�������������
. An aperturestop(diaphragm)eliminatescomaaberration.With its sphericalfocalsurface,

thesystemis almostsphericallysymmetricaboutthepoint at thediaphragm’s center. Thespotsize
(point spreadfunction) is governedby sphericalaberrationand is nearly the samefor any arrival
directionwithin the field of view. (Thereis somevariationof the camera’s obscuration.)Specific
opticalparametersandpropertiesof this designaresummarizedin Table1.

Figure1: Diagramof Augertelescopedesign.



Table1: FD TelescopeSpecifications

Field of view (FOV)
�����

azimuth
�����������

elevation
Diaprhagmaperture 1.7-mdiameter

Mirror radiusof curvature 3.4m
Mirror size

�����! "�#���$�% 
(square)

Mirror segmentation(probable)
�&�'�

almostsquaresegments
Focalsurfaceradiusof curvature 1.743m

Comaaberration None
Sphericalaberration

�����%�
Opticalfilter in diaphragm UV transmitting320-400nm

Camerapixellation 22 rowswith 20hexagonalpixelseach
Camerasize 93 cmin azimuth,86 cm in elevation

Camerashadow 35%atcenterof FOV, 20%at corners
Hexagonalpixels

�����%�
(45.6mm) side-to-side

HexagonalPMT candidates PhotonisXP3062or ElectronTube9974

Thetaskof theFD is to measureair shower longitudinaldevelopmentprofiles. Exploiting only
sometiming informationfrom thesurfacearray, thegeometryof theshower axis is accuratelyde-
terminedby a singleeye (Sommers,1995; Dawsonet al., 1996). The placeof light emissionin
theatmosphereis thereforeknown for thearriving light flux at eachinstant.Knowing thedistance
andatmosphericattenuationfrom thatplace,onecaninfer from thelight flux theamountof emitted
fluorescencelight andthereforetheshowersizeat thatatmosphericdepth.An accuratemeasurement
of thelight flux asafunctionof time is theparamountobjectivesinceit givesthelongitudinalprofile
in this way.

The optical spotsize(
�(��� �

) will be small comparedto the pixel size(
���$� �

), so the entiresignal
from a distantshower is normally capturedby a single PMT at any instant. Signals(and back-
grounds)needto becombinedfrom multiple PMTsonly whenthespotis on theboundarybetween
pixels.(With 100-nsFADC timeslices,thedurationof increasedbackgroundnoisecanbeaccurately
delimited.)

Uniformity of detectorresponseover the focal surfaceis critical for achieving the paramount
objective: a reliablemeasurementof light flux asa function of time. In particular, it is important
that the responsenot dependstronglyon whetherthe spot is neara pixel centeror straddlingthe
boundarybetweenpixels.Highly reflectiveslopingwallswill bepositionedover the(dead)edgesof
PMTsto deflectthesignalphotonsat pixel boundariesontoactivecathodes.

The Schmidtoptics(suggestedfirst by the Auger groupin Puebla)hassomeimportantadvan-
tages:)

Largefield of view (reducednumberof telescopes,feweredgeeffects).)
Uniformity (no off-axiscoma).)
Dust, temperature,humidity, androdentcontrol (using the optical filter asa window in the di-

aphragm).)
Relatively small shuttersin front of the diaphragmsuffice to closethe telescopeduring the day-



light.)
Thereducednumberof telescopesmakesit practicalto houseanentireeyewithin asinglebuilding.

Theprototypewill testthereferencedesignandalsosomeminor variations:* By incorporatinga Schmidtcorrectorplate,it may be possibleto increasesignificantlythe light
collectingarea(diaphragm)withoutdegradingthespotsize.* All-aluminum mirrorsandpolishedglassmirrorswill becomparedagainstsimpleslumpedglass
mirrors.* Bondingsmallopticalfilters to thePMTsmayhaveadvantagesoveralargefilter in thediaphragm.

3 Plans for the prototype
TheFD prototypetelescopewill make hybrid measurementsof air showersin conjunctionwith

an “engineeringsurfacearray” consistingof 40 waterCherenkov tanks. Thewatertankswill have
the1.5-kmseparationof the referencedesignandwill bearrangedin a hexagonalpatterncentered
at a distanceof 10 km from theprototypetelescope.With a 10%duty factorfor darksky andgood
weather, theexpectednumberof hybridshowerswith thisengineeringarrayis 386above

�+� �
,
eV in

oneyear, with 9 of thoseshowersabove
�+� �
	

eV.
In addition,controlledtestsof theFD telescopewill beperformedusinga “laserscope”thatcan

produce(upward-going)artificial shower tracksof arbitrarydirectionfrom arbitrarypointson the
ground. Light scatteredfrom the laserscope’s beamedUV pulsemimics thefluorescenceemission
from anair shower front. At theArgentinesite’saltitude,a

�+� �
	
eV showerat maximumsizecorre-

spondsto Rayleighscatteringfromalaserpulseof 210 - J.Theselaserstudieswill testthetelescope’s
importantproperties:)

Triggerefficiency. Doesthetelescopetriggeron 210-- J laserpulsesover thepartof thefinal sur-
facearraythatit is expectedto cover?)

Angularresolution.How well is thetrack-detectorplanedetermined?Is thelaseraxiswithin that
planewell determinedusingthe“hybrid” timing informationof theFD pixelstogetherwith thelaser
positionandtimeof firing? Theexpectedangularresolutionis about

�(��� �
.)

Longitudinal profile resolution. Lidar instrumentationoperatingin conjunctionwith the laser-
scopewill provideaverticalprofileof light thatis scatteredbackward.Thiscanbecorrectedfor the
combinedRayleighandMie differentialscatteringcrosssectionto give thelongitudinalprofile that
shouldbemeasuredby thetelescope.
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