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The sky photonbackgroundux hasbeenmeasuredt the southernAuger sitein Malargiie, Argentina,using
theobsenatory's uorescencedetector{FD). The analysisis basedon ADC varianceof pixelsnottriggered
by the First Level Trigger. Photon ux esare calculatedfor eachindividual pixel at eachtelescope. The
statisticsfrom eachnight of datataking allows a study of local variationsin the photon ux. Resultsshov
a cleardependencef the ux on elevationangle. Time variations,possiblyrelatedto differentatmospheric
conditions,do not maskthis dependencedn particularthe ux excessabovethehorizonshavs aratherstable
andreproduciblebehaiour with elevation. Correlationof this dependencwith atmospherigparametergan
be of interestasit offersthe promiseof extractingthoseparameterslirectly from FD data,thusallowing cross
checkswith independeninethodsbasedn differentmonitoringdevices.

1. Intr oduction

The Fluorescenc®etector(FD) of the PierreAuger Obsenatory [1] is composedf a setof 24 telescopes,
eachmeasuringhe longitudinal developmentof cosmicray shaversin the atmospherabove ground. The
telescopesre arrangedn four perimeterbuildings (Eyes), eachhousing6 telescopeswhich overlook the
SurfaceDetector(SD) array In the focal surfaceof eachtelescopemirror, a cameradetectsthe light on an
arrayof 20 22 photomultiplierpixels. Eachpixel coversa 1.5 diameterhexagonalportion of the sky. The
rst two buildingsat Los LeonesandCoihuecohave beencompletedwith their 12 FD telescopesiow taking
data.

The sky photonbackgroundux hasbeenmeasuredising datataken during FD runs. The standarddata
acquisitionrecordssignalsfrom all triggeredpixels and a fraction of pixels not triggered. This analysisis
basedon ADC variancef pixels not triggeredby the First Level Trigger. Sky backgroundphotonsarethe
main sourceof FD noiserandomtriggers. Thereforethe studyof their ux is of interestfor both monitoring
the behaviour of the detector and correlatingthe sky brightnesson a pixel-to-pixel basiswith atmospheric
conditions.

2. The method

Usingthetheoryof photonstatistics the sky photonbackgroundux canbedirectly derivedfrom ADC vari-
anceqd2]. Theadoptedanalysisstepsarethe following:

1. Runselection: Only moonles<clearnightshave beenused. The datataking period extendsfrom August
throughDecembe2004. Shortruns(of durationlessthan1 hour) have beenexcluded,sincerun stopshave
beenusuallyrelatedto hardwareor acquisitionproblems.

2. Calculationof thesky badgroundvariancein ADC counts: The ADC variancds thesumof sky background
varianceandelectronicnoisevariance:



2 R.Carusoetal.

In orderto estimateelectronicnoise,we usedthe backgroundles acquiredwith closedshuttersevery night
beforedataacquisition.Thesky backgroundrariances thenderivedby subtractingrom eachpixel therelevant
noisevariance.

3. Corversionof sky badkgroundvariancefrom ADC countsto photoelectons:

where  istheabsolutegain( perphotoelectron)Individual pixel arecalibratedusinganend-
to-endprocedurexploitedwith a device known asthedrumcalibrator [3]. Thismethodprovidesa cornversion
betweenADC countsand photonsat the telescopediaphragmfor eachpixel. In termsof thesecalibration
constants , theabsolutegainis:

where is the PMT quantumefciency and the overall telescopeoptical factor This factorincludesthe
optical Iter transmissionthe correctorring lenstransmission(for telescopesvith sucha lens), the mirror
re ectivity, themercedeglight collector)ef ciency andthe camerashadaev factor

4. Corversionfrom sky badkgroundvarianceto photoelectons:

where isthePMT gainvarianceactor  , whichdescribeshenonpoissoniareffectsinducedoy the PMT
gainchain,is derivedin PMT testingoperationsandfrom the manuficturerdatasheets.It canbe reasonably
assumeakqualfor all PMT's.

5. Corversionfromphotoelectonsto photon ux:

is the pixel apertureand  the samplingtime slot (100ns). During this periodonly telescope8 and4 in
both eyeswere equippedwith a correctorring. The optical factorsare 0.50for thesetelescopesand0.47 for
the others.The averagepixel aperturesare7.7and4.6 m deg for thetelescopesvith andwithout corrector
rings,respectiely.

The M-UG6 lter attheaperture[]l boundsour measuremertb the wavelengthrangeof about300-400nm.
Theuseof calibrationconstantgrovidedby thedrumresultsin a ux expressedn termsof 370nm-equvalent
photons.

3. Results

Tablel givesthe overall resultsof our analysis.The high ratein telescopes at Los Leonesarisesbecausef
arti cial light from the town of Malargiethatis in its eld of view. For this reasorthis telescopeéhasbeen
excludedfrom further analysis. Telescopes at Los Leonesandtelescope at Coihuecoarealsoaffectedby
this sourceput to alesserextent.

The dispersionsn table 1 are calculatedover all pixelsaswell asover the whole period. Thesedispersions
resultfrom two differentcontributions: a) local variationsdependingyn the photon ux seenby theindividual
pixel; b) time variationsinducedby differentglobalatmospheréransmissiorfrom nightto night.
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[ | FluxatLosLeone§m dey s )| FluxatCoihuecm deg s ) |

Telescope mean dispersion mean dispersion
1 92 19 94 15
2 93 19 97 28
3 83 17 80 24
4 85 17 77 20
5 101 17 88 25
6 134 18 91 27

Table 1. Backgroundux esin thetwo eyes. The valuesareaveragedver thewholeperiodandover pixelsin thecamera.
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Figure 1. Sky backgroundux asafunctionof eleva- Figure 2. Sky backgroundux excesswith respecto
tion (left) andazimuth(right) anglesfor telescopet at  thehorizon,asafunctionof elevationfor telescopet at
Los Leones.Eachmarler refersto anindividual night LosLeones.

duringthe analysisperiod.

Localbackgroundariationscanbestudiedby plottingthephoton ux for eachpixel. Themostevidentfeature
emeging from this analysisis a systematiaup-davn effect in the cameraillumination. This effectis shavn
in gure 1 wherethe sky backgroundux is shovn asafunctionof elevationandazimuthanglesrespectiely
for Telescopet at Los Leones.Eachmarker refersto anindividual run duringthe analysisperiod. A similar
behaior is foundfor eachtelescopén botheyes. Thesegraphsshaw that:

1. theazimuthdependences rathersmall;
2. theelevationdependences quite evident,shaving anincreaseaselevationgoesfrom 0 to 30 ;

3. thetwo behaiors areroughly the samefrom run to run apartfrom a vertical offset. We assumehatthis
offsetis mainly determinedy the atmosphericonditionsof eachnight.

We have choserthe photon ux averagedoverthe rst row of pixelsin a cameraasa measureof this offset.

The correspondingelevationis about?2 ; for this reasorthis offsetwill be referredto asthe horizontal ux.

Note that this offsetis calculatedfor eachrun. Thereforethe correspondingux with this offset subtracted
givesthe ux excesswith respecto thehorizon.

In Figure2 this ux excesds shavn asafunctionof elevationfor Telescopel atLos Leones.Onecanconclude
that, oncethe horizontal ux is subtractedeachnight shawvs roughly the samebehaior. Thereforethelocal
componenbf the ux dispersioncanbe mainly attributedto a physicaleffect, i.e. the elevationdependence
of the ux.
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Figure 3. Sky backgroundux (left) and ux excess(right) distributions. Eachentry containsthe relevant ux ateach
telescopeaveragedover all pixels for eachnight. The dashechistogramgeferto Los Leones(blue) and Coihueco(red),
theopenhistogramto bothsites.Mirror 6 of Los Leoness excludedfrom this plot.

We alsoexpectthatthe averageof the ux excessover all pixels shouldexhibit small uctuations from night
to night. To shaw this, we have calculatedor eachnight the sky backgroundux andthe correspondingux
excessaveragedover all pixels. In gure 3 theseresultsareshavn. Thedispersionsare21 and10 photons/
(m deg s)for thetotal ux andthe ux excessespectiely. Thusthedispersiorof the ux excesss lower
by afactorof two. Thedifferencebetweerthetwo dispersiongin quadrature)s anestimateof the dispersion
dueto the variationof atmosphericonditionsduringthe four monthperiodconsideredn this analysis.This
componenturnsoutto be18 photons (m deg s),i.e. about90%of thetotal ux dispersion.

4. Concluding remarks

We have shavn thata varianceanalysisallows the determinatiorof the sky photonbackgroundux from FD
data. The statisticsfrom eachnight of datataking are enoughto uncover local dependenciesf the photon
ux. In particularthechangeof ux with elevationangleis ratherclearandreproducible Furtherstudiesare
in progresdo correlatethis dependenceiith atmospherigpropertiege.g. the horizontalaerosolattenuation).
Correlationsvould be quiteinterestingasthis would allow usto deduceatmospheriparameterslirectly from

FD data,thusallowing crosschecksof independeniethodsasedon differentmonitoringdevices.

Thismethod,f includedin the standargost-runFD dataprocessingganallow for accuratanonitoringof the
performancef all telescopeandpossiblyanestimateof atmospheriparameterdirectly associatewvith each
FD run.
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