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Abstract

The Pierre Auger Cosmic Ray Obsenatory will study cosmicrays above 10 EeV using both at-
mospheridluorescenceneasurementandgroundlevel particledetectors A demonstratiorybrid
obsenatorywill commenc®perationn ArgentinasMendozaProvincenext year(2000). This paper
documentshedesignfor the prototypefluorescenceelescopevhosefield of view is 30x30degrees.
Thelarge field of view is madepossibleby usinga Schmidtdiaphragnthat eliminatescomaaber
ration. Reflectve light collectorsat the focal surfaceresurrectdeadspace$etweerPMT cathodes.
Thenearlyuniform focal surfacesimplifiesthetranslationof FADC datato fluorescencéght flux as
afunctionof time,andhenceshowver sizeasa functionof atmosphericepth.The primary objective
for the Augerfluorescencéetectoris to measureccuratelythelongitudinaldevelopmenfrofilesof
showersthataredetectedn conjunctionwith the surfacearray

1 Introduction

In developmentsince1992,the PierreAuger Projectis a collaborationof physicistsin 19 differ-
entcountries,dedicatedo the constructionof a powerful new obsenatory for studyingthe highest
enegy cosmicrays(Croninetal., 1992; Auger Collaboration,1997). The detectorwill have good
sensitvity to all cosmicraysabove the spectrums ankle,with constantapertureabove 10 eV. In
orderto achiese nearlyuniform exposureto the full celestialspherethe plan calls for two match-
ing sites— onein Argentinas MendozaProvince andthe otherin Millard Countyof Utah. Work
hasbegun at the southernsite. The full-time aperturewill be 7000 km?-sr at eachsite, provided
by arraysof waterCherenkv detectorson the ground. Atmosphericfluorescenceneasurementsf
the air showver longitudinal profileswill be madeat night using optical telescopes.The symbiotic
operationof the surfacearrayandfluorescenceetectorgFDs)will provide a“hybrid” datasetwith
redundanyg, crosscheckson systematicsand unprecedentedensitvity to primary particle types.
This paperdescribeghe presentdesignfor the Auger FD telescopesndplansfor a prototypeto
becomeoperationainext year Informationaboutthe Auger Projectis available at www.auger.org,
andfurtherdetailsaboutthe FD canbe found at www.physics.utah.edu/~sommer shybrid/.

2 Thetelescope design

TheAugerFD telescopealesignis basednthesuccessfuFly’s EyeandHiResdetectorgBaltru-
saitisetal., 1985;HiResCollaboration,1997). Therearesignificantinnovations however, including



Schmidtopticsandanew electronicglesign.(Plansfor the FADC electronicsandtriggersystemare
reportedseparately In orderto minimizemeasurementncertaintieslueto thevariableatmosphere,
multiple “eyes” will bebuilt sothatshaverswill be seenat closerrangeandsmallerfactorswill be
requiredto correctfor atmospheriattenuatiorby Rayleighand Mie scattering. With the present
layout plan for the southernsite, the medianR, is 14 km, where R, is the perpendiculadistance
betweereye andshawver axis.

Figure 1 is a schematicdiagramof an Auger telescope. The field of view is approximately
30° x 30°. An aperturestop(diaphragmkliminatescomaaberrationWith its sphericafocal surface,
the systemis almostsphericallysymmetricaboutthe point at the diaphragms center The spotsize
(point spreadfunction) is governedby sphericalaberrationandis nearly the samefor ary arrival
directionwithin the field of view. (Thereis somevariationof the cameras obscuration.)Specific
opticalparameterandpropertiesof this designaresummarizedn Tablel.
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Figurel: Diagramof Augertelescopelesign.



Tablel: FD Telescopespecifications

Field of view (FOV) | 30° azimuthx28.6° elevation
Diaprhagmaperture| 1.7-mdiameter
Mirror radiusof curvature| 3.4m
Mirror size | 3.5m x 3.5m (square)
Mirror sggmentationprobable)| 5 x 5 almostsquaresegments
Focalsurfaceradiusof curvature| 1.743m
Comaaberration| None
Sphericalberration| 0.5°
Opticalfilter in diaphragm| UV transmitting320-400nm
Camergpixellation | 22 rows with 20 hexagonalpixelseach
Camersasize | 93 cmin azimuth,86 cmin elevation
Camerashadev | 35%at centerof FOV, 20%at corners
Hexagonalpixels | 1.5° (45.6mm) side-to-side
HexagonalPMT candidates PhotonisXP3062or ElectronTube9974

Thetaskof the FD is to measuraair shaver longitudinaldevelopmentprofiles. Exploiting only
sometiming informationfrom the surfacearray the geometryof the shover axisis accuratelyde-
terminedby a single eye (Sommers,1995; Dawsonet al., 1996). The placeof light emissionin
the atmospherés thereforeknown for the arriving light flux at eachinstant. Knowing the distance
andatmospheriattenuatiorfrom thatplace,onecaninfer from thelight flux theamountof emitted
fluorescencéight andthereforetheshaver sizeatthatatmosphericlepth.An accurateneasurement
of thelight flux asafunctionof time is the paramounbbjective sinceit givesthelongitudinalprofile
in thisway.

The optical spotsize (0.5°) will be small comparedo the pixel size(1.5°), sothe entiresignal
from a distantshawver is normally capturedby a single PMT at ary instant. Signals(and back-
grounds)needto be combinedfrom multiple PMTs only whenthe spotis on the boundarybetween
pixels. (With 100-nsFADC time slices thedurationof increasedbackgroundhoisecanbeaccurately
delimited.)

Uniformity of detectorresponseover the focal surfaceis critical for achiezing the paramount
objectve: areliable measurementf light flux asa function of time. In particular it is important
that the responsenot dependstrongly on whetherthe spotis neara pixel centeror straddlingthe
boundarybetweerpixels. Highly reflective slopingwalls will be positionedoverthe (dead)edgeof
PMTsto deflectthe signalphotonsat pixel boundarie®ntoactive cathodes.

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

e Largefield of view (reducechumberof telescopedewer edgeeffects).

e Uniformity (no off-axis coma).

e Dust, temperaturehumidity, and rodentcontrol (using the optical filter asa window in the di-
aphragm).

¢ Relatvely small shuttersin front of the diaphragmsuffice to closethe telescopeduring the day-



light.

e Thereducechumberof telescopesmalkesit practicalto houseanentireeye within asinglebuilding.
The prototypewill testthereferencedesignandalsosomeminor variations:

o By incorporatinga Schmidtcorrectorplate, it may be possibleto increasesignificantlythe light

collectingarea(diaphragm)without degradingthe spotsize.

o All-aluminum mirrors andpolishedglassmirrorswill be comparedagainstsimple slumpedglass

mirrors.

o Bondingsmallopticalfiltersto the PMTsmayhave advantage®veralargefilter in thediaphragm.

3 Plansfor the prototype

The FD prototypetelescopewill make hybrid measurementsf air shaversin conjunctionwith
an“engineeringsurfacearray” consistingof 40 water Cherenkv tanks. The watertankswill have
the 1.5-kmseparatiorof the referencedesignandwill be arrangedn a hexagonalpatterncentered
atadistanceof 10 km from the prototypetelescopeWith a 10% duty factorfor dark sky andgood
weatherthe expectechumberof hybrid shoverswith this engineeringarrayis 386above 108 eV in
oneyear with 9 of thoseshaversabore 10 eV.

In addition,controlledtestsof the FD telescopewill be performedusinga “laserscope’thatcan
produce(upward-going)artificial shawver tracksof arbitrary directionfrom arbitrary pointson the
ground. Light scatteredrom the laserscope’ beamedJV pulsemimics the fluorescencemission
from anair shaver front. At the Argentinesite’s altitude,a 10'° eV shaver at maximumsizecorre-
spondgo Rayleighscatteringrom alasermulseof 210.J. Thesdaserstudieswill testthetelescopes
importantproperties:

e Triggerefficiengy. Doesthetelescopdriggeron 2104:J laserpulsesover the partof thefinal sur
facearraythatit is expectedo cover?

e Angularresolution.How well is the track-detectoplanedetermineds the laseraxis within that
planewell determinedisingthe“hybrid” timing informationof the FD pixelstogethemith thelaser
positionandtime of firing? The expectedangularresolutionis about0.5°.

e Longitudinal profile resolution. Lidar instrumentatioroperatingin conjunctionwith the laser
scopewill provide averticalprofile of light thatis scatteredackward. This canbe correctedor the
combinedRayleighandMie differentialscatteringcrosssectionto give the longitudinalprofile that
shouldbe measuredby thetelescope.
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