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Muonsdecayingn thewatervolumeof a Cherenlov detectornf the PierreAugerObsenatoryprovide a useful
calibrationpointatlow enegy. Usingthedigitizedwaveformcontinuouslyecordedby theelectronicsof each
tank, we have deviseda simplemethodto extractthe chage spectrunof the Michel electronswhosetypical
signalis aboutl/8 of a crossingverticalmuon. This proceduremoreorer, allows continuousnonitoringof the
detectoroperationandof its waterlevel. We have checledthe procedurewith high statisticson a testtank at
the Obsenatorybaseandappliedwith succes®nthewholearray

1. Intr oduction.

As it is well known, a muondecaysinto an electronandtwo neutrinos. The resultingenegy distribution of

the electronis known asthe Michel spectrum.It hasanendpointat 53 MeV andan averageof 37 MeV. The
rangeof suchanelectronis lessthan25 cm, whereaghetypical dimensionf an Augertankareof the order
of 100 cm. This meansthat mostof the muonsdecayingin an Auger tank will give rise to electronswell

containednsidethetankvolume. Becausgarticletype meanenegy andmeanrangeareknown, the Michel

electronsare a calibratedsourceof Cherenlov light that canbe usedto measureand monitor a low enegy
calibrationpoint for the waterCherenlov detectorsMoreover, sincetherangeis a few timessmallerthanthe
sizeof anAugertank,the signaldepositedy adecayingnuonwill be,to rst order independenof thewater
level andproportionalto the enegy of the electron(for very low waterlevel, the electronwould notdepositall

its enegy in the tank andthe proportionalitywould be lost). Whenthis signalis comparedo the signalof a
crossingmuon,whichis dependenon waterlevel, a usefulobsenablethatallows waterlevel to be monitored
is obtained.

The surfacedetectorof the PierreAuger Obsenatoryis composeaf 1600Cherenkv detectorstations(over
800deployedasof June 2005).Eachstationis acylindrical tankof 3.6 min diameterandl1.2min height, lled
with puri ed anddeionizedwater Theinnersurfaceof the tankis coatedwith Tyvek, a diffusive-re ective
material. ThreePMTs mountedon top collectlight emittedinsidethe tank. Whenthe signalsatis escertain
triggerrequirementsit is digitized by meansf a ash ADC (FADC), andstoredin a buffer. Signalsizesare
expressedn units of for FADC counts,and for integratedFADC counts[1]. One is
de ned asthe mostlikely signalmaximum(in FADC counts)givenby a vertical crossingmuonwhereaone

is de ned asthe mostlik ely integratedsignal(in integratedFADC counts)givenby averticalcrossing
muon. Thecorversionfactorsfrom integratedFADC countsto and arecalculateccontinuously
usingdatafrom thelocal station,providing agoodmeasuref thetime stability of the signal.

The muondecaysin Auger tankshave beenthe subjectof previousworks: in [2] the possibility of usinga
singlemuondecayasa calibrationpoint wasindicated.In this work, a tank smallerthana productionAuger
tankwasused.In [3] atesttankatthe Obsenatorysitewaspurposelydepletecf waterandits gainwasraised
to obsene Michel electronamoreclearly. In [4] a prototypetankin the AGASA sitewasusedto extractmuon
decaycandidatesIn [5] a detailedstudyof the possibility of monitoringthe waterlevel by observingmuon
decayss presentedandtwo differentmethod<or analyzingdataarecompared.
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This paperis organizedasfollows. In section2 we brie y describethe methodto distinguishcrossingfrom

decayingmuonandto obtainthe correspondinghage spectra. Thesedataare comparedwith simulations
from which a calibrationpoint is extracted. In section3 we describethe methodfor usingthesespectrato

monitor waterlevel anddescribethe drain experimentcarriedout on an Augertank. Finally, in section4 we

discussourresultsandconclusions.

2. Distinguishing CrossingMuons from DecayingMuons.

Muons enteringan Auger watertank caneither passthroughthe tank and exit (“crossingmuons”)or decay
insidethetank (“decayingmuons”). Therateof crossingmuonsis about2.7 Khz, andeachof thesecrossing
muonsleavesa signalthatis, typically, proportionalto the track lengthinsidethe tank. Decayingmuons,on
theotherhand,leave a signalproportionalto thetracklength,plusasecondoulsecorrespondingo the Michel
electron.Thesemuonsareatmospherienuonsfalling in awatertankasisolatedparticlesasopposedo muons
from high enegy shaverswherea large numberof themwould crossthetank simultaneously

To performthis study we usedthe “slow buffer” processThe “slow buffer” is alow priority processunning
in thelocal station.It collectsdatafrom the FADC ata 0.1 threefold(i.e. in thethreePMTs)threshold.
For eacheventsatisfyingthis thresholda 20 bin traceis storedtogethewith atime stampin a twofold buffer
(to minimize deadtime). The durationof eachof the 20 binsis 25 ns. The time stampindicatesthe time at
which thetriggerconditionwassatis ed,andcorresponds$o thethird bin of the FADC trace.

Anotherprocesdn the local station,called“mu II”, usestheselow thresholddatato build threehistograms.
The rst of thesehistogramss a histogramof the time interval betweena giventime stampandthe previous
one.Thatis, everytimethereis asignalsatisfyingthetriggercondition(andhenceacorrespondingADC trace
in theslow buffer) thetime elapsedetweerthistriggerandthepreviousoneis computedisingthetime stamp
of the correspondingdraces.A time interval correspondingo a decayingmuontrigger followed by a Michel
electrontriggerwill have typical valueequalto the muonlifetime. It follows thatthe resultinghistogramwill
exhibit an exponentialdecaycorrespondingo decayingmuonsover a backgrounccorrespondingo crossing
muons. The time constanbf the former shouldbe consistentvith the muonlifetime of modi ed by
inversebetadecaycaptureto about [2].

The secondhistogramis the histogramof the integratedFADC traceof the “early” events,which arethose
eventsthat have a time stampthat differs from the previous onein at least andat most . This rst
time window, centerecht aboutonemuonlifetime, shouldpick out mostof the decayingnuons.Theseevents
arethencandidateMichel electronfrom muondecays.

The third histogramis the histogramof the integratedFADC traceof the “late” events,which arethosethat
have atime stampthatdiffersfrom the previousonein atleast andat most . Thistimewindow is
centeredat over 4 timesthelifetime of themuon. Theseeventsarethencandidatecrossingmuons.

Figuresl.ato 1.cshav thesethreehistogramsFromanexponentialt to gure 1.a,we obtaina decaytime of

compatiblewith thedecaytime mentionedabore. Thehistogramglisplayedn gures 1.band
1.chave asimilar structure:two peaksat low andhigh chage. The rst peakis producedby the combination
of the threefoldtrigger requirementandlow chaige noise,consistingof clipping cornercrossingmuons(i.e.
muonswith a shorttrackin the tank) aswell aselectronsfrom muondecays,and photonsfrom low enegy
shawers.

The secondpeakis entirely dueto crossingmuons,mostof which crossin directionscloseto the vertical (the
differenceof the positionof this secondpoeakandthe integratedsignaldepositedy a vertical muonis of the
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Figure 1(Four ®gureson the left). 1.a(top left) Time interval histogramand®t. To shav the contritution of decaying
muons,the backgroundrom crossingmuonswassubtracted.The time constanf the exponentialis

1.b (top right) Chage of 2early®events.1.c (bottomleft) Chage of 2late®events.1.d (bottomright) Chalgedeposned)y
adecayingmuon.Figure 2:Figureontheright.2  °ratio vs waterlevel (seetext).
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orderof 5%/[1]). This peakis usedfor calibration:to obtainthe corversionfrom integratedFADC countsto
, we performagaussiant tothepeak.Theresultof this t is counts.

With this picturein mind we canobtainthe chage histogramof the electrondrom muondecayby subtracting
the “early” eventsfrom the “late” eventshistogram. The resulting histogramis shovn in gure 1.d. This
histogramhasa simplestructurepresentinga singlepeak. This peakis at a slightly differentpositionthanthe
rst peakin gures 1.bandl.c,implying thatit is not dueto the samelow enepy tail but a realcomponent
presenin g. 1l.bandnotin gure 1.c. Thisspectrums the Michel spectruncornvolvedwith theresponsef
the detector From Monte Carlo simulations,it canbe shavn thatthe positionof the electronpeakshouldbe
at . We canusethis valueasa calibrationpoint which, for this tank, correspondso
FADC. Thislastvaluecorresponds$o the positionof the electronpeak,obtainedby a gaussiant in a
reducedegionaroundthe maximum.

3. The Water Level Experiment.

Sincetherangeof theelectroncomingfrom muondecayin thetankis of theorderof 25 cm, mostof its enegy
will bedepositedgvenif the waterlevel of thetankis lower thanthe nominalvalueof 120cm. Onthe other
hand,theenegy depositedy a crossingmuonis proportionalto its tracklength( MeV cm ). Thesetwo
magnitudearethenexpectedo have a differentdependencen waterlevel, while beingboth proportionalto
Tyvekre ectivity, collectionef ciency, etc. (eventhoughthe enegy depositedy the electronis independent
of waterlevel, a dependencef the signalproduceds expectedsincethe fraction of collectionareaandtotal
areaincreases)lt followsthattheratio of thetwo will dependdnly onwaterlevel, while otherunknown factors
cancel.

A simpleanalogybetweenra tankandanintegratingspherehelpsto understandhe signalthatis producedn
thetankunderthetwo circumstanceseferredto in the previous paragraphFromthis analogy we obtainthat
the signaldepositedy a particle(muonor electron)in thetankis proportionalto the enegy depositecanda
geometricafactorthat dependsn waterlevel. It follows thatthe ratio of the signalof a crossingmuonand
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thatof anelectronfrom a muondecayis equalto theratio of theenegy depositedy eachparticle,soalinear
dependencs expected.

Totesttheseassertionghefollowing experimentwasperformed:.overaperiodof four days,we slowly drained
awatertank, startingfrom awaterlevel atits normalvalueof about120cmand nishing with awaterlevel of

89.5cm. Thestartingdrainratewasaboutl every 80 s. Startingfrom the normalwaterlevel, the seriesof

threehistogramsputputof themu Il program,weredownloadedfrom this watertank every 24 hs. Eachday
thetankwasvisitedto measurdts waterlevel. We obtainedl20cm, 108cm, 98.5cmand89.5cmfor eachday
respectiely. Figure2 shavs the waterlevel asa function of the ratio of the muonpeakto the electronpeak.
Theerrorbarscorrespondo anerrorof 2 cmin the determinatiorof thewaterlevel. Thehorizontalerrorbars
arestatistical.

Figure2 alsoshavs alinear t to thedata.Fromthis t we obtainthefollowing relationsbetweenwaterlevel
( )and* " ratio:

4. Resultsand Conclusions.

We presented simplemethodto extractthechagespectrunof decayingnuonsin anAugerwaterCherenlov
detector By comparingthis chage spectrumwith simulationsa calibrationpoint canbe obtainedandfor the
tankstudiedtheresultis: FADC or FADC.
This valueis in agreementith the value of obtainedas explainedin section2:

FADC, within experimentaluncertainties.

We alsopresentedheresultsof astudyof the* " ratioasafunctionof waterlevel. An absolutedetermina-
tion of thewaterlevel usingthis methodis possible althoughthe uncertaintyis quite large ascomparedvith
the precisionwith which wateris deployedto a tank. However, a continuouscheckon the online histograms
couldpointout possiblewaterleaksin the eld. A differentstudyusingthesameonlinehistogramsesultedn
amoreaccuraterocedurdo monitorwaterlevel. This studyis presentedn [6].
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