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Thesky photonbackground�ux hasbeenmeasuredat thesouthernAugersite in Malargüe,Argentina,using
theobservatory's �uorescencedetectors(FD). Theanalysisis basedon ADC variancesof pixelsnot triggered
by the First Level Trigger. Photon�ux es are calculatedfor eachindividual pixel at eachtelescope. The
statisticsfrom eachnight of datataking allows a studyof local variationsin the photon�ux. Resultsshow
a cleardependenceof the �ux on elevationangle. Time variations,possiblyrelatedto differentatmospheric
conditions,do notmaskthis dependence.In particularthe�ux excessabovethehorizonshowsa ratherstable
andreproduciblebehaviour with elevation. Correlationof this dependencewith atmosphericparameterscan
beof interestasit offersthepromiseof extractingthoseparametersdirectly from FD data,thusallowing cross
checkswith independentmethodsbasedondifferentmonitoringdevices.

1. Intr oduction

The FluorescenceDetector(FD) of the PierreAuger Observatory [1] is composedof a setof 24 telescopes,
eachmeasuringthe longitudinaldevelopmentof cosmicray showersin the atmosphereabove ground. The
telescopesare arrangedin four perimeterbuildings (Eyes),eachhousing6 telescopes,which overlook the
SurfaceDetector(SD) array. In the focal surfaceof eachtelescopemirror, a cameradetectsthe light on an
arrayof 20 � 22 photomultiplierpixels. Eachpixel coversa 1.5

�

diameterhexagonalportionof thesky. The
�rst two buildingsat Los LeonesandCoihuecohave beencompleted,with their 12 FD telescopesnow taking
data.

The sky photonbackground�ux hasbeenmeasuredusing datataken during FD runs. The standarddata
acquisitionrecordssignalsfrom all triggeredpixels anda fraction of pixels not triggered. This analysisis
basedon ADC variancesof pixelsnot triggeredby the First Level Trigger. Sky backgroundphotonsarethe
mainsourceof FD noiserandomtriggers.Thereforethestudyof their �ux is of interestfor bothmonitoring
the behaviour of the detector, andcorrelatingthe sky brightnesson a pixel-to-pixel basiswith atmospheric
conditions.

2. The method

Usingthetheoryof photonstatistics,thesky photonbackground�ux canbedirectly derivedfrom ADC vari-
ances[2]. Theadoptedanalysisstepsarethefollowing:

1. Runselection:Only moonlessclearnightshave beenused. The datataking periodextendsfrom August
throughDecember2004. Shortruns(of durationlessthan1 hour)have beenexcluded,sincerun stopshave
beenusuallyrelatedto hardwareor acquisitionproblems.

2. Calculationof thesky backgroundvariancein ADCcounts:TheADC varianceis thesumof sky background
varianceandelectronicnoisevariance:
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In orderto estimateelectronicnoise,we usedthebackground�les acquiredwith closedshuttersevery night
beforedataacquisition.Thesky backgroundvarianceis thenderivedbysubtractingfrom eachpixel therelevant
noisevariance.

3. Conversionof sky backgroundvariancefromADC countsto photoelectrons:
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where %

'

is theabsolutegain( %)(+*-,&.0/21�354 perphotoelectron).Individualpixel arecalibratedusinganend-
to-endprocedureexploitedwith adeviceknown asthedrumcalibrator [3]. Thismethodprovidesaconversion
betweenADC countsandphotonsat the telescopediaphragmfor eachpixel. In termsof thesecalibration
constants*76

� , theabsolutegainis:
%
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where = is the PMT quantumef�ciency and ; the overall telescopeoptical factor. This factor includesthe
optical �lter transmission,the correctorring lens transmission(for telescopeswith sucha lens), the mirror
re�ectivity, themercedes(light collector)ef�ciency andthecamerashadow factor.

4. Conversionfromsky backgroundvarianceto photoelectrons:
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where?

'

is thePMT gainvariancefactor. ?

'

, whichdescribesthenonpoissonianeffectsinducedby thePMT
gainchain,is derivedin PMT testingoperationsandfrom themanufacturerdatasheets.It canbereasonably
assumedequalfor all PMT's.

5. Conversionfromphotoelectronsto photon�ux:
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E is thepixel apertureand G

3 thesamplingtime slot (100ns). During this periodonly telescopes3 and4 in
botheyeswereequippedwith a correctorring. Theoptical factorsare0.50for thesetelescopesand0.47for
theothers.Theaveragepixel aperturesare7.7and4.6m

�

deg
�

for thetelescopeswith andwithout corrector
rings,respectively.

TheM-UG6 �lter at theaperture[1] boundsour measurementto thewavelengthrangeof about300-400nm.
Theuseof calibrationconstantsprovidedby thedrumresultsin a�ux expressedin termsof 370nm-equivalent
photons.

3. Results

Table1 givestheoverall resultsof our analysis.Thehigh ratein telescope6 at Los Leonesarisesbecauseof
arti�cial light from the town of Malargüe that is in its �eld of view. For this reasonthis telescopehasbeen
excludedfrom further analysis.Telescope5 at Los Leonesandtelescope2 at Coihuecoarealsoaffectedby
this source,but to a lesserextent.

The dispersionsin table1 arecalculatedover all pixelsaswell asover the whole period. Thesedispersions
resultfrom two differentcontributions:a) local variationsdependingon thephoton�ux seenby theindividual
pixel; b) timevariationsinducedby differentglobalatmospheretransmissionfrom night to night.
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Flux at LosLeones(m I

�

deg I

�	J

sI�K ) Flux at Coihueco(m I

�

deg I

�	J

sI�K )
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. Background�ux esin thetwo eyes.Thevaluesareaveragedover thewholeperiodandover pixelsin thecamera.
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Figure 1. Sky background�ux asa functionof eleva-
tion (left) andazimuth(right) anglesfor telescope4 at
Los Leones.Eachmarker refersto an individual night
duringtheanalysisperiod.
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Figure 2. Sky background�ux excesswith respectto
thehorizon,asafunctionof elevationfor telescope4 at
LosLeones.

Localbackgroundvariationscanbestudiedby plottingthephoton�ux for eachpixel. Themostevidentfeature
emerging from this analysisis a systematicup-down effect in thecameraillumination. This effect is shown
in �gure 1 wherethesky background�ux is shown asa functionof elevationandazimuthanglesrespectively
for Telescope4 at Los Leones.Eachmarker refersto an individual run during theanalysisperiod. A similar
behavior is foundfor eachtelescopein botheyes.Thesegraphsshow that:

1. theazimuthdependenceis rathersmall;

2. theelevationdependenceis quiteevident,showing anincreaseaselevationgoesfrom 0
�

to 30
�

;

3. the two behaviors areroughly thesamefrom run to run apartfrom a verticaloffset. We assumethat this
offsetis mainly determinedby theatmosphericconditionsof eachnight.

We have chosenthephoton�ux averagedover the �rst row of pixels in a cameraasa measureof this offset.
The correspondingelevation is about2

�

; for this reasonthis offsetwill be referredto asthe horizontal �ux .
Note that this offset is calculatedfor eachrun. Thereforethe corresponding�ux with this offset subtracted
givesthe�ux excesswith respectto thehorizon.

In Figure2 this�ux excessis shown asafunctionof elevationfor Telescope4 atLosLeones.Onecanconclude
that,oncethehorizontal�ux is subtracted,eachnight shows roughly thesamebehavior. Thereforethe local
componentof the �ux dispersioncanbemainly attributedto a physicaleffect , i.e. theelevationdependence
of the�ux.
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Figure 3. Sky background�ux (left) and�ux excess(right) distributions. Eachentry containsthe relevant �ux at each
telescopeaveragedover all pixels for eachnight. Thedashedhistogramsrefer to Los Leones(blue)andCoihueco(red),
theopenhistogramto bothsites.Mirror 6 of LosLeonesis excludedfrom thisplot.

We alsoexpectthat theaverageof the �ux excessover all pixelsshouldexhibit small �uctuations from night
to night. To show this, we have calculatedfor eachnight thesky background�ux andthecorresponding�ux
excessaveragedover all pixels. In �gure 3 theseresultsareshown. Thedispersionsare21 and10 photons/
(m

�

deg
�LJ

s) for thetotal �ux andthe�ux excessrespectively. Thusthedispersionof the�ux excessis lower
by a factorof two. Thedifferencebetweenthetwo dispersions(in quadrature)is anestimateof thedispersion
dueto thevariationof atmosphericconditionsduringthe four monthperiodconsideredin this analysis.This
componentturnsout to be18photons/ (m

�

deg
�	J

s), i.e. about90%of thetotal �ux dispersion.

4. Concluding remarks

We have shown thata varianceanalysisallows thedeterminationof thesky photonbackground�ux from FD
data. The statisticsfrom eachnight of datataking areenoughto uncover local dependenciesof the photon
�ux. In particular, thechangeof �ux with elevationangleis ratherclearandreproducible.Furtherstudiesare
in progressto correlatethis dependencewith atmosphericproperties(e.g. thehorizontalaerosolattenuation).
Correlationswouldbequiteinterestingasthiswouldallow usto deduceatmosphericparametersdirectly from
FD data,thusallowing crosschecksof independentmethodsbasedondifferentmonitoringdevices.

Thismethod,if includedin thestandardpost-runFD dataprocessing,canallow for accuratemonitoringof the
performanceof all telescopesandpossiblyanestimateof atmosphericparametersdirectlyassociatedwith each
FD run.
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