
29thInternationalCosmicRayConferencePune(2005)00, 101–106

Observation of the Long Term Stability of Water Stationsin the Pierre
Auger SurfaceDetector

I. Allekotte,K. Arisaka,D. Barnhill, X. Bertou,C. Bonifazi,M.D. Healy, J.Lee
C. Medina,T. Ohnuki,A. Tripathi, for thePierreAugerCollaboration
Presenter:M.D. Healy(healymd@physics.ucla.edu),usa-arisaka-K-abs1-he15-poster

The resultsof a studyexaminingthe long-termbehavior of PierreAugersurfacedetectorsis presented.The
stationproperties,suchaswaterquality, liner re�ectivity andthewaterlevel mustbecontinuouslymonitored.
Suchmonitoringprovidesinformationon the long-termstability of thedetectors,which have beendesigned
to operatefor twenty years. Using pulseheightandshapesof cosmicray muons,waterquality changesare
monitoredanda techniquedevelopedto identify andmonitorlong-termtrendsin thearray.

1. Intr oduction

The PierreAuger SurfaceDetectoris a water Cherenkov detectorthat will consistof 1600 stationswhen
constructionis complete.Eachstationcontains12 tonsof ultra purewatersealedin a light-tight Tyvek1 bag.
Thebagis in turncontainedwithin acylindrical plasticstation3.6metersin diametersand1.2metersin height.
Three9 inch photomultipliertubeslook downward throughthewaterfrom windows placedat the top of the
bag. Thearrayasa whole is designedto have anoperationallifespanof at leasttwentyyears.We review the
performanceof the75stationsthathavebeenin operationsince1 September2003.

The stationsfunction aswater-basedcalorimetersfor the purposeof measuringthe energy depositedby an
extensive air shower. The charge depositedby a single vertical muon provides the energy calibrationfor
eachstation[1]. The amountof this charge (hencereferredto asQV E M - Vertical EquivalentMuon Area
[2]) is a �uctuating valuedependenton a convolution of quantitiesrangingfrom static,suchastheparticular
photomultipliertubesin a station,to cyclic quantitieslike temperature.On a daily basisthemostimportantof
theseis temperaturewhich resultsin a daily modulationof QV E M . This type of behavior wasexpectedand
is handledby thecalibrationandmonitoringsystemwhich recomputesQV E M for eachstationevery minute
[3]. In principle,this systemcanmeasuretheenergy depositedin a stationregardlessof thecalibrationvalue
obtainedfrom vertical muons,none-the-lesstrackingthe changesis importantfor a thoroughunderstanding
of thesurfacedetectoraswell asinformationin thecaseof undesirableperformance.Thecurrentstateof the
detectorcanalsoby usedasinput for acompletesimulationof thesurfacedetector[4].

2. Monitoring of the Calibration Stability

Two critical factorsin determiningastationsQV E M calibrationvaluearethetransparency of thewaterandthe
re�ectivity of theTyvek1 bag.Thesignaldecayconstantis a parameterobtainedby �tting thetrailing edgeof
thepulsefrom a singlemuonwith anexponentialfunction.This is donebecausea decreasein waterpurity or
poorTyvek1 re�ectivity wouldcausethesignaldecayconstantto decreaseasCherenkov light is absorbedmore
readily. TheTyvek1 re�ectivity andthewaterabsorptionlengthcanthenbepassedto thesimulationasinput
to reproducethecurrentlyobservedsignalfrom verticalmuons.Thesignaldecayconstanthasbeensimulated
for variousre�ectivitesandabsorptionlengths(see�gure 1), theeffectsof increasedabsorptionareevident.
Approximatelythesameinformationcanbeobtainedby dividing thetotal chargeof a muonby its maximum
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Figure1. Effectof DifferentTyvekRe�ectivity (RM AX )
andAbsorptionLengthon theSignalDecayConstantfor
oneVerticalMuon.
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Area to Peak Ratio vs Signal Decay Constant

Figure 2. CorrelationBetweenthe Area to PeakRatio
andtheSignalDecayConstantfor oneVerticalMuon.

amplitude,thearea to peakratio, which hasthe advantageof not beingsubjectto thedetailsof the �t used
to obtainit. Figure2 is thecorrelationbetweentheareato peakratio andthesignaldecayconstantfrom the
stationsusedin this study.

3. Long Term Stability of Water and Tyvek Quality

The time periodanalyzedis 1 September2003to 4 February2005andusesonly those75 stationsthathave
beenin continuousoperationfor that period. A graphof the areato peakratio is producedfor eachphoto-
multiplier tubeof every station. For the purposesof �tting, eachpoint is taken asa 5 day averageso that
thedaily �uctuationshave minimal impact. Theareato peakratio hasa smallpositive correlationcoef�cient
with temperature[1], thereforewe expecta slight oscillationcoupledto theannualtemperaturemodulation.
Examinationof thehistogramsalsorevealedthatmany stationshave aninitial periodof decrease.Becauseof
thesecombinedfactorswe �t theobservedbehavior with acombinedexponentialandsinefunction:
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The �t parametersarep0 throughp3 with the following de�nitions; p0 is the normalizationwith unitsof 25
ns bins,p1 is the fractionalloss(fraction of initial signallost dueto decay)andis a dimensionlessquantity,
p2 is thecharacteristictime (time for theinitial signalto decreaseby 1

e ) with unitsof years,p3 is theseasonal
amplitude(amplitudefraction after signal reachesa stablepoint) andis alsoa dimensionlessquantity. The
functioncontainstwo additionalparametersthathave �x edvalues;T which forcestheperiodto beoneyear
aswe expect,and� a �x ed phaseanglethat adjuststhe oscillationto coincidewith the annualtemperature
oscillation.Theindependentvariablet is thetime in years.

Parametersp0 throughp3 arecollectedandsaved for every photomultipliertubeandthenanalyzedfor any
commonalitiesand/orcorrelationsfor the arrayasa whole. Figure3 is an examplehistogramfor the nor-
malizationparameter(p0) from the 75 stations.The meanof the distribution is 3.7 � 0.3 [25 ns bins]. The
distribution of fractionallossesis characterizedby a meanof 0.071� 0.027for stationswhosecharacteristic
time (p2) is lessthan0.7years(54 out of 75 stations).Theremainderhave muchlongerdecaytimesranging
to a maximumof 2.8centuries.Therefore,themajority of stationsdo experiencea periodof signallossafter
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Figure3. Distributionof theNormalization(p0) from the
Fits.

Figure 4. ScatterPlot of theFractionalLoss(p1) vs the
CharacteristicTime (p2).

they aredeployedbut thenetresultis a decreaseon theorderof 0.10. Figure4 above is a scatterplot of frac-
tional loss(p1) versusthecharacteristictimesfor thosestationswith acharacteristictimeof lessthan0.7years.
Thesestationshave a meandecaytime of 0.32� of 0.12[years]. Following theperiodof decaywe founda
stableconditioncharacterizedby anannualmodulationdependenton seasonalchanges.Theamplitudeof the
oscillationis givenby thedistributionof seasonallyinducedamplitudes(mean0.005,� 0.005).

4. Monitoring the Water Level in the Stations

A systemfor monitoringthewaterlevel in thestationshasalsobeendeveloped.Thecalibrationobtainedby
the charge depositof vertical muons[3] adjustsitself constantlybasedon the amplitudeof IV E M (Vertical
EquivalentMuonPeak). Thatsignalis a functionof themassof waterthat themuonpassesthroughandwill
decreaseif lesswateris presentin thestation.This is not a problemfor muonsasthateffect cancelsbetween
calibrationandthe detectionof shower muons,however it doesnot cancelfor electro-magneticshowers. It
is therelative signalbetweenmuonsandtheelectro-magneticcomponentthatwill beaffected.It is therefore
importantto monitor thewaterlevel in orderto checkthereis no evolution (waterleak in the liner for short
termchanges,transpirationthroughtheliner for longtermchanges).Variousparametersarelinkedto thewater
level, andonecouldusefor exampletheratioof thesignalof anelectronfrom amuondecayto anormalmuon
[5]. However in thisstudywe investigatea parameterlinkedto theshapeof cosmicraymuonpulses.

Studieson teststations[6] have shown that theslopeobtainedby �tting cosmicray muonpulsesfor an indi-
vidual PMT in the1.5-2VEM rangeis stronglycorrelatedwith thewaterlevel. It is in facta measurementof
theuniformity of a station:with a higherwaterlevel, a PMT will receive thesameamountof light whatever
theentrypointof themuon,asits light will beisotropizedby there�ectionsontheTyvek1. With a lowerwater
level, thelight will belessisotropizedandwill givea strongersignalon a nearbyPMT, while a smallersignal
will berecordedat a PMT fartheraway. This will give anextra spreadto thesignalsrecorded,hencea �atter
slopeafterthemuonpeak.

Figure5 shows this slopeparameterfor all the stationsover morethana year. The error barsarethe RMS
�uctuations for the station(or stations)indicated. A slight yearly modulationdueto the temperatureeffect
on theelectronicscanbeseen.Superimposedon thesamegraphis theslopeobtainedonly from station254.
Station254is a testbedon whichanarti�cial leakwasproducedby drainingthewaterduringa 4 dayperiod.
Thewaterwasallowedto drain30cmin this4 dayperiodto provethevalidity of themethodandits sensitivity.
Fromthismeasurement,a0.027� 0.002changein theslopeis foundto correspondto 1cmchangein thewater
level. Theright handgraphagainshows all thestations,but this time with station376superimposed.Station
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Figure 5. Evolution of theslopeof themuonhistogramasa functionof time for all thestations,comparedwith 2 speci�c
cases:station254andstation376.Seetext for details.

376startedleakingwithout warningandwithout this monitoringtool we would not have beenableto detect
theleak.Overthenext sevenmonths,thestationhadleakedabout23cm. Applying thistechniqueto thewhole
array, a limit of 0.5cm leakperyeardueto transpirationcanbeset.

5. Conclusion

Two techniqueshave beendevelopedto help us monitor the statusof the waterstationsin the PierreAuger
surfacedetector. Onemethodwill allow usto tracktheabsorptionof light in thestation,andtheothermethod
will be usedto track thewaterlevel in the station. Using the areato peakratio it is possibleto monitor the
quality of thedetectorsandit hasbeenfoundthatwaterstations�rst losesignalandthenstabilize.Themean
lossof 0.071in theareato peakratiowill notadverselyaffect theoperationof thesurfacedetectorandshould
beinterpretedasasettlingperiod.After thisperiod,thewaterstationsenterinto astableannualmodulation(of
< 0.01)coupledto seasonalchanges.Theslopeobtainedby �tting thetracesproducedfrom naturallyoccurring
muonshasbeenappliedto monitor thewaterlevel insidea station.Carefultrackingof this �t parameterwill
allow leaksto befound. Usingthis methoda limit on waterlossratehasbeenestablishedat 0.5cm peryear.
We will continueto monitor the areato peakratio for any further changesin the waterquality andTyvek1

re�ectivity, however asidefrom the annualmodulationnoneare expected. In the caseof water level, any
changesdetectedwill bedealtwith by �xing theleakand/oraddingmorewater.
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