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The resultsof a studyexaminingthe long-termbehaior of PierreAuger surfacedetectorss presented.The

stationpropertiessuchaswaterquality, liner re ectivity andthe waterlevel mustbe continuouslymonitored.
Suchmonitoring providesinformationon the long-termstability of the detectorswhich have beendesigned
to operatefor twenty years. Using pulseheightand shapeof cosmicray muons,water quality changesare

monitoredandatechniquedevelopedto identify andmonitorlong-termtrendsin the array

1. Intr oduction

The Pierre Auger Surface Detectoris a water Cherenlkov detectorthat will consistof 1600 stationswhen
constructioris complete.Eachstationcontainsl2 tonsof ultra purewatersealedn a light-tight Tyvek® bag.
Thebagis in turncontainedwithin acylindrical plasticstation3.6 meterdan diametersandl.2 metersn height.
Three9 inch photomultipliertubeslook downward throughthe waterfrom windows placedat the top of the
bag. Thearrayasawholeis designedo have anoperationalifespanof at leasttwenty years.We review the
performancef the 75 stationsthathave beenin operationsincel Septembe003.

The stationsfunction as waterbasedcalorimetersfor the purposeof measuringhe enegy depositedby an
extensie air shaver. The chage depositedby a single vertical muon provides the enegy calibrationfor
eachstation[1]. The amountof this chage (hencereferredto asQyvenm - Vertical EquivalentMuon Area
[2]) is a uctuating valuedependenbn a convolution of quantitiesrangingfrom static,suchasthe particular
photomultipliertubesin a station,to cyclic quantitiedik e temperatureOn a daily basisthe mostimportantof
theseis temperaturavhich resultsin a daily modulationof Qy g v . This type of behaior wasexpectedand
is handledby the calibrationand monitoringsystemwhich recompute®y g for eachstationevery minute
[3]. In principle,this systemcanmeasurehe enegy depositedn a stationregardlesf the calibrationvalue
obtainedfrom vertical muons,none-the-lessrackingthe changess importantfor a thoroughunderstanding
of the surfacedetectoraswell asinformationin the caseof undesirablgerformanceThe currentstateof the
detectorcanalsoby usedasinputfor a completesimulationof the surfacedetector4].

2. Monitoring of the Calibration Stability

Two critical factorsin determiningastationsQy g calibrationvaluearethetransparengof thewaterandthe
re ectivity of the Tyvek! bag. The signaldecayconstanis a parametepbtainedoy tting thetrailing edgeof
the pulsefrom a singlemuonwith anexponentialfunction. Thisis donebecause decreasén waterpurity or
poorTyvek! re ectivity would causehesignaldecayconstanto decreasasCherenkyv light is absorbednore
readily The Tyvek! re ectivity andthewaterabsorptiorlengthcanthenbe passedo the simulationasinput
to reproducehe currentlyobsenedsignalfrom verticalmuons.The signaldecayconstantasbeensimulated
for variousre ectivites andabsorptiorlengths(see gure 1), the effectsof increasedabsorptionare evident.
Approximatelythe sameinformationcanbe obtainedby dividing thetotal chaige of a muonby its maximum

1TyvekR is aregisteredrademarkof the DupontCorporation
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Figure 1. Effectof DifferentTyvek Re ectivity (Rm ax ) Figure 2. CorrelationBetweenthe Areato PeakRatio
andAbsorptionLengthon the SignalDecayConstanfor andthe SignalDecayConstanfor oneVerticalMuon.

oneVerticalMuon.

amplitude,the areato peakratio, which hasthe advantageof not beingsubjectto the detailsof the t used
to obtainit. Figure?2 is the correlationbetweerthe areato peakratio andthe signaldecayconstantfrom the
stationsusedin this study

3. Long Term Stability of Water and Tyvek Quality

Thetime periodanalyzeds 1 SeptembeR003to 4 February2005andusesonly those75 stationsthathave
beenin continuousoperationfor that period. A graphof the areato peakratio is producedfor eachphoto-
multiplier tube of every station. For the purposesf tting, eachpointis takenasa 5 day averageso that
thedaily uctuations have minimalimpact. The areato peakratio hasa small positive correlationcoefcient

with temperaturdl], thereforewe expecta slight oscillation coupledto the annualtemperaturenodulation.
Examinationof the histogramsalsorevealedthatmary stationshave aninitial periodof decreaseBecausef

thesecombinedfactorswe t the obseredbehaior with acombinedexponentialandsinefunction:

h Cioh o
Pol pi(l er2) 1+ pssin(2 (f )

The t parametergarepy throughps with the following de nitions; po is the normalizationwith units of 25
nshins, p; is the fractionalloss (fraction of initial signallost dueto decay)andis a dimensionlesgjuantity
p2 is thecharacteristicime (time for theinitial signalto decreasdy %) with units of years,p; is theseasonal
amplitude(amplitudefraction after signalreachesa stablepoint) andis alsoa dimensionlessgjuantity The
function containstwo additionalparametershathave x edvalues;T which forcesthe periodto be oneyear
aswe expect,and a x ed phaseanglethat adjuststhe oscillationto coincidewith the annualtemperature
oscillation. Theindependenvariablet is thetime in years.

Parametergg throughps are collectedand saved for every photomultipliertube andthen analyzedfor ary
commonalitiesand/orcorrelationsfor the array asa whole. Figure 3 is an examplehistogramfor the nor-
malizationparametepy) from the 75 stations. The meanof the distribution is 3.7  0.3[25 nsbins]. The
distribution of fractionallossess characterizedhy a meanof 0.071 0.027for stationswhosecharacteristic
time (p2) is lessthan0.7 years(54 out of 75 stations).The remaindethave muchlongerdecaytimesranging
to amaximumof 2.8 centuries.Therefore the majority of stationsdo experiencea periodof signallossafter
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Figure 3. Distribution of theNormalization(po) from the Figure 4. ScatterPlot of the FractionalLoss(p1) vs the
Fits. Characteristid@ime (pz).

they aredeployedbut the netresultis a decreasen the orderof 0.10. Figure4 above is a scattermplot of frac-
tionalloss(p;) versughecharacteristitimesfor thosestationswith acharacteristitime of lessthan0.7years.
Thesestationshave a meandecaytime of 0.32 of 0.12[years]. Following the periodof decaywe founda
stableconditioncharacterizethy anannualmodulationdependendn seasonathangesThe amplitudeof the
oscillationis givenby thedistribution of seasonallynducedamplitudegmean0.005, 0.005).

4. Monitoring the Water Levelin the Stations

A systemfor monitoringthe waterlevel in the stationshasalsobeendeveloped. The calibrationobtainedby
the chage depositof vertical muons[3] adjustsitself constantlybasedon the amplitudeof Iy gy (Vertical
EquivalentMuon PeaK). Thatsignalis afunction of the massof waterthatthe muonpasseshroughandwill
decreaséf lesswateris presenin the station. This is not a problemfor muonsasthateffect cancelsbetween
calibrationandthe detectionof shover muons,however it doesnot cancelfor electro-magnetishovers. It
is the relative signalbetweemmuonsandthe electro-magneticomponenthatwill be affected. It is therefore
importantto monitor the waterlevel in orderto checkthereis no evolution (waterleakin the liner for short
termchangestranspiratiorthroughtheliner for longtermchanges)Variousparameterarelinkedto thewater
level, andonecouldusefor exampletheratio of thesignalof anelectronfrom amuondecayto anormalmuon
[5]. Howeverin this studywe investigatea parametelinkedto the shapeof cosmicray muonpulses.

Studieson teststationg[6] have shavn thatthe slopeobtainedby tting cosmicray muonpulsesfor anindi-

vidual PMT in the 1.5-2VEM rangeis stronglycorrelatedwith the waterlevel. It is in facta measuremenrdf
the uniformity of a station: with a higherwaterlevel, a PMT will receve the sameamountof light whatever
theentrypointof themuon,asits light will beisotropizedoy there ectionsonthe Tyvek®. With alowerwater
level, thelight will belessisotropizedandwill give a strongersignalon anearbyPMT, while a smallersignal
will berecordedat a PMT fartheraway. This will give anextra spreado the signalsrecordedhencea atter

slopeafterthemuonpeak.

Figure5 shows this slopeparametefor all the stationsover morethanayear The error barsarethe RMS
uctuations for the station(or stations)indicated. A slight yearly modulationdueto the temperatureeffect
on the electronicscanbe seen.Superimposedn the samegraphis the slopeobtainedonly from station254.
Station254is atestbedon which anarti cial leakwasproducedy drainingthewaterduringa 4 day period.
Thewaterwasallowedto drain30cmin this4 dayperiodto provethevalidity of themethodandits sensitvity.
Fromthis measuremeng 0.027 0.002changén theslopeis foundto correspondo 1 cmchangén thewater
level. Theright handgraphagainshows all the stations but this time with station376 superimposedStation
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Figure 5. Evolution of the slopeof themuonhistogramasa function of time for all the stationscomparedvith 2 speci ¢
casesstation254 andstation376. Seetext for details.

376 startedleakingwithout warningandwithout this monitoringtool we would not have beenableto detect
theleak. Overthenext serenmonths thestationhadleakedabout23cm. Applying thistechniqueo thewhole
array alimit of 0.5cmleakperyeardueto transpirationrcanbeset.

5. Conclusion

Two techniqueshave beendevelopedto help us monitor the statusof the water stationsin the Pierre Auger
surfacedetector Onemethodwill allow usto trackthe absorptiorof light in the station,andthe othermethod
will be usedto track the waterlevel in the station. Using the areato peakratio it is possibleto monitor the
quality of the detectorsandit hasbeenfoundthatwaterstationsrst losesignalandthenstabilize. Themean
lossof 0.071in theareato peakratiowill notadwerselyaffecttheoperationof the surfacedetectorandshould
beinterpretedasa settlingperiod. After this period,thewaterstationsenterinto a stableannuaimodulation(of
<0.01)coupledto seasonathangesTheslopeobtainedby tting thetracegproducedrom naturallyoccurring
muonshasbeenappliedto monitorthe waterlevel insidea station. Carefultrackingof this t parametewill
allow leaksto befound. Usingthis methoda limit on waterlossratehasbeenestablishedt 0.5cm peryear
We will continueto monitor the areato peakratio for ary further changesn the water quality and Tyvek®
re ectivity, however asidefrom the annualmodulationnone are expected. In the caseof waterlevel, arny
changesletectedwill bedealtwith by xing theleakand/oraddingmorewater
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