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Absolutecalibrationof the PierreAugerObsenatory uorescencedetectoraisesalight sourceatthetelescope
aperture. The technigueaccountsfor the combinedeffects of all detectorcomponentsn a single measure-
ment. The calibrated2.5 m diameterlight source lls the aperture providing uniform illumination to each
pixel. Theknown ux from thelight sourceandthe responsef the acquisitionsystemgive the requiredcal-
ibrationfor eachpixel. In thelab, light sourceuniformity is studiedusing CCD imagesandthe intensityis
measuredelative to NIST-calibratedphotodiodesOveralluncertaintiearepresentlyl 2%, andaredominated
by systematics.

1. Intr oduction

Thereconstructiorof air shaver longitudinalpro les andthe ability to determinethe total enegy of arecon-
structedshaverdependnbeingableto cornvert ADC countsto alight ux attheaperturdor eachchannethat
recevesa portion of the signalfrom a shaver. To achieve this objective, it is necessaryo have somemethod
for evaluatingthe responsef eachpixel to a given ux of incidentphotonsfrom the solid anglecoveredby

that pixel, including effects of apertureprojection,optical Iter transmittancere ection at optical surfaces,
mirror re ectivity, pixel light collectionef ciency andarea,cathodequantumef ciency, PMT gain, pre-amp
andampli er gains,anddigital corversion.

While this responseould be assembledrom independentlyneasuredjuantitiesfor eachof theseeffects,the
Auger FD calibrationgroupis using an alternatve methodin which the cumulative effect is measuredn a
singleend-to-enctalibration. The techniqueis basedon a portable2.5 m diameterdrum-shapedight source
whichmountsontheexteriorof theFD aperturegseerig. 1), providing apulsedphoton ux of knownintensity
anduniformity acrosghe apertureandsimultaneouslyriggeringall the pixelsin thecamera.

Theabsolutecalibrationof thedrumlight sourcentensityis basednasetof UV enhancedi photodetectors,

Figure 1. A schematicshaving the drum mountedin a telescopeaperture anda picture of the drum beingraisedinto
position.
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calibratedat NIST [1]. While thesmallsurfaceareaandlow responsef thesedetectorrecludedetectionof
thesmallphoton ux fromthedrumsurfacedirectly, theNIST calibrationcanbetransferredo amoresensitve
PMT/DAQ system.Prototypework is describedn Ref. [2]; the currentproceduras presentedhere,including
amoredirectcalibrationof thedrumintensity

Ideally, this calibrationwould occur at mary wavelengthsin the N, spectrum,between300 and 400 nm,
andat several intensities. At presentthe systemis single-wavelength,usingUV LEDs emittingin a narrov
bandaround375nm. Modi cations to the presentsystemare underconstructionto allow multi-wavelength
calibration,usinga Xenonlight sourcelight guideandbandpasdters.

2. Light sourceand drum

The light sourceconsistsof a pair of pulsedUV LEDs [3] (375 12 nm) mountedcoaxiallyin a 2.5 cm
diameterx 2.5 cm long te on cylinder. A silicon detectorattachedo the end of the cylinder monitorsthe
relative light outputfor eachpulseof the LEDs. This sourceis mountedn a 15 cm diameterre ector cup.

Thecupis mountedush to thecenterof thedrumfront surface,illuminating theinterior of the2.5m diameter
cylindrical drum, 1.4 m deep. The lightweight drum, shavn in Fig. 1, was constructedn sections,using
laminationsof hong/combcoreandaluminumsheet.Thesidesandbacksurfacesof thedruminteriorarelined
with Tyvek, a materialdiffusively re ective in the UV. The front faceof the drumis a 0.38 mm thick Te on
sheetwhich transmitdight diffusively.

3. Drum relative uniformity measuements

Uniformity of light emissionfrom the drum surfaceis important,sincethe pixelsin an Auger uorescence
detectorcameraview the apertureat varyingangles.In addition,for eachpixel, a differentpartof theaperture
is blocked by the cameraitself. So studieswere madeof uniformity of emissionacrossthe surfaceandasa

functionof viewing angle.

Theseuniformity measurementwere madeusinga CCD, viewing the emitting surfaceof the drum from a
distanceof 14 m (seeFig. 2). Imageswererecordedwith the drumaxisatanglesof 0, 10,20 and25 degrees
relative to the CCD axis, covering the rangeof the Augertelescopeeld of view (0-21°). For theseimages,
theUV LEDswerepoweredcontinuously

The0C imagewasusedto analyzetheuniformity of emissioroverthedrumsurface.Usingsoftware,concentric
circlesweredrawn on the image,de ning annularregionsof increasingradius,asshawn in the gure. The

intensity of the pixelsin eachregion wasanalyzedo obtainthe intensityasa function of radius. In the area
de ned by the2.2m apertureadius therelative uniformity of intensityis constanbvertheareato about 2%.

Thevariationwith viewing angleof a sectionof the drumimageis alsoshovnin Fig. 2.

Thefactthatthedrumintensitydecreaseatlargerradii andthattheareavieweddecreaseascos with viewing

angleis partly compensatetbr by thelocationof thecamerashadav for pixelsin differentpartsof thecamera.
Centralpixelsview thefuller 0° areabut the moreintensecenterof the drumis shadeved; large anglepixels
andthosein the cornersof the cameraseea reducedarea,but the camerashadev movesoff-center exposing
moreof the brighterdrumcenter

The smalldrumnon-uniformitiesthataremeasureddiagonalstripesin Fig. 2, intensitydecreasevith radius,
etc.) indicatethatthe FD pixels seesimilar intensitiesintegratedover the drum surface. While perfectdrum
uniformity is desirable hon—uniformitieswhich are smallandwell mappedover the surfaceof the drumare
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Figure 2. Fromleft to right: ColorenhancedCDimageat0° drumangle shaving thede ned ringsfor relative intensity
analysis.Productiondeformationsn thete on materialcanbe seenA plot of the obsered pixel intensitiesin thede ned
regionsof thedrum,shawn in theprevious gure; Theresultsof angularrelative intensitymeasurementst 0, 20,and25°.

acceptable. A ray-tracingprogramusing the uniformity and angularintensity information from the CCD
imagesshaws lessthan 1% variationin total ux seenby the pixels, and correctionsare appliedfor these
variations.

4. Drum calibration

To establisitheabsoluteux of photonsemittedfrom thedrumsurface areferencd®MT is placedonthedrum
axis, 14 m from the surface. The LED light sourcein the drumis pulsedfor a seriesof 5 s pulsesandthe
chagefrom the PMT is integratedandrecordedor eachpulse,resultingin a histogramof the distribution of
theobsenedintegrated ux.

OnanopticalbenchthePMT is thenexposedo asmalldiffuseLED light sourceof adjustabléntensitysimilar
to that of the drum. The LEDs are pulsedwith the samedriving circuitry asfor the drum, andthe intensity
is setto a seriesof valuesproducinga seriesof histogramswith centroidssurroundingthat from the drum
measuremengbove. At eachof theseintensity settingsa secondmeasuremeris madein which the PMT is
replacedby the NIST-calibratedphotodiodeanda neutraldensity Iter in thesources removed,increasinghe
intensityto alevel measurabléy thephotodiode For this secondneasurementhe LEDsarerunin DC mode.
Therelationshipof PMT responseo photodiodecurrentis foundto be verylinear The ux of photonsat 14
m from the drum surfaceis thencalculablefrom the active areaof the photodiode the neutraldensity Iter
reductionfactor, the LED pulsed/DCduty factor the NIST calibrationfor the photodiode andthe value of
photodiodecurrentcorrespondingo the PMT-drum centroid,asinterpolatedrom thelinear response-current
relationshipabove.

5. Calibration Results

Use of the drum for gain adjustmentand calibrationprovides a known, uniform responsdor eachpixel in
a detectorasshavn for onecamerain Fig. 3. The typical sensitvity for Auger FD pixels is approximately
5 photonsper ADC count. At presentthe absolutecalibrationis performedevery threemonths. The long-
termvariationsof cameraresponsearetypically within 2% of the calibrationandareassociatedavith several
factors,including gain shifts dueto PMT exposureto varying night sky intensitiesduring the previous few
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nightsof datataking. Thesesmallvariationsin pixel responsaretracked severaltimespernight by arelative
calibrationsystem,andappropriatecorrectionsfor eachpixel are entereddaily in the analysisdatabasdsee
associatedduger paperin this ICRC [4]). The absolutecalibrationasdescribedcherehasbeenchecled for
somepixelsusingremotelasershotsat 337and355nm[5].
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Figure 3. Theeffectsof drumcalibrationon the 440 pixels of thecameran bay5 atLos Leones.Blue: ascommissioned;
Black: immediatelyaftercalibration;Red: typical variationseenduringnext calibration.

Severaleffectsonthe calibrationhave beenstudied,including:

Re ectionsfrom detectorcomponentdbackto the drum emitting surfacewhenthe drumis mountedin
theaperturemakingthesurfacebrighterthanwhencalibratedn thelab. Thisis dominatedyre ections
fromtheUV lIter backtothete on faceof thedrum. Thisis a4% effect,witha 1% uncertainty

Temperaturevariationsbetweercalibrationlab andFD aperturesLED intensity electronicsandmoni-
toring equipmentreall temperatureensitve. Varying effect; 3% uncertainty

Shapeof LED light emissionpulse. PulsedLED duty factorcomparedo measuredC intensityis a
componenbf the calibrationcalculation.Thisis a 2% effect; 1% uncertainty

While the generaltechniqueof Auger FD calibrationis now well establishedthe equipmentand detailed
proceduresare still evolving. Recentimprovementsof the lab optical equipmentwill improve the overall
uncertaintiesn the next calibration. At presentuncertaintiegotal 12% and are dominatedby contributions
associateavith the optical setupin the lab (10%) anda conserative estimateof the nightly variations(5%).
Uncertaintief about8% areachievable.
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