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Abstract

Low-costground-leel detectordor u-e decayeventscounteventsdueto a narrav bandof the differential
muonspectrumunlike mostcosmic-rayparticledetectorswhich respondo all eventsabove athresholden-
emgy. Mu-e detectorsof modestsize (0.2 cubic meters)andmass(200kg) nearsealevel have high counting
rates(3 events/sec)ijncreasingby a factor3 at mountainaltitudes. An economicaldesignis presentecem-
ploying mineral-oil-basedcintillator two 127 mm dia PMTsandstandarduilding-construgbn materialsfor
the u-e detectorandCMOSintegratedcircuitsfor thespecialdelayed-coincidemelectronicavhich provides
NIM- level p andelectronpulsesandan analogpulsewith heightproportionalto decaytime. Applications
include searchexperimentsfor the Cowan Effect, ground-l&el monitoring of solarmodulationeffects, and
perhapsasanovel detectorelementfor air-shaver arrays.

1 Motivation:

In connectionwith earliercosmicray experimentsby the groupin 1992, expecteddiurnal variationsof
intensityfor galacticdarkmatterwerecalculatedasa functionof sidereatime. Noticing thatthetime of peak
intensitycoincidedwith peaksin u-e decayratesreportedby a groupfrom CatholicUniversity led by Clyde
Cowan[Cowan& Ryan,1965;Buckwalter Cowan& Ryan,1966;Ryanetal, 1966],we hopedto reproduce
the effect in Arizona[Bowen, 1999; Young, McGuire & Bowen, 1999], and perhapsexplain the resultsby
the existenceof a stronglyinteractingcomponenbf dark matter Cowan’s groupemplo/ed p-e decaytamgets
rangingfrom 227 kg to 650 kg of plasticor liquid scintillators. At Arizonawe still possessed large supply
of mineraloil-basediquid scintillatorfrom anexperiment30 yearsago.

2 Experimental Design:

2.1 Detector: We have built alarge volumeliquid scintillator detectoron Mt Lemmonat 2700 m, or
~ 747 glcn?. The maindetectoris comprisedof over 820 kg of 90% mineraloil, 10% Naptha,anda solute
of 2.5 g/l 2,5-Dipheryloxazole (PPO)and 0.5 g/l 1,4-Bis-[2-(5-Pheyloxazoyl)]Benzene (POPOP)equally
dividedinto 4 separateells. Eachliquid cell is 0.58m squareand0.69m deep with two downward looking
127 mm RCA 8854 photomultipliersmountednsideonthelid. Thetotal scintillationtarget massis then205
kg. Whenclosedlight tight, the sphericalPMT facesdip into theliquid suriace,with the photocathoddeing
mostlyimmersedn liquid.

The total detectoris composedof four suchcells, arrangedin a squarewith eachside facing roughly
in cardinaldirections. The entireunit is raisedfour feet from the concretefloor to lessenthe likelihood of
detectingu-e decaysn thefloor. CounterT2, a0.82m square2 cm thick plasticscintillator, is locatedatthe
centerof the tamgetarray 1.15m above the liquid surface. CounterT1, a 0.60m square2 cm thick plastic
scintillator, is 0.71 m furtherabove. Eachscintillatoris mountedinside a white box viewed by one127 mm
RCA 4522PMT.

Themainstructuralsupportconsistsof four 4 by 4 in wood postswith three2 by 10in rafterssupporting
the detectorweight. Eachdetectorcell is constructedf 1/2in CDX plywood, with two 0.15 mm sheetsof
polyprogylene folded into the cornersto form (without ary cuts) a liquid-tight lining inside the cell. The
plywoodinteriorsof all cellsare paintedwith a white elastomeriaoofing paintdesignedo reflectsunlight.
Extrarigidity is givento thestructurewith metalanglesupportsatthetops,middle,andbottomof the outside
corners.



2.2 Trigger and Data Acquisition Electronics.  PMT signalsareconductednto a separateounting
roomvia 502 cables.Eachof the eighttamget scintillator PMTsis terminatedat its thresholddiscriminatorin

a 5002 resistancavhich alsosenesasa x 10 resistancealivider. The 1/10amplitudePMT signalsaresplit in

resistve dividersandsentto individual inputsof two CAMAC ADCs, onegatedby the muonsignalandthe
otherby theelectronsignal. Signalsfrom countersT1 andT2 aresentdirectly to themuon-gateddDC.

Standardwidth NIM pulsesare sentfrom the 8 discriminatorsto a speciallybuilt NIM module(the y-e
module),whereseparatelelay-gatingcircuitry is providedfor eachcell andtriggerselectioris done. A trigger
is possiblefrom the sequencef a muonpulsein onecell of the main detectoranda decayelectronpresent
in the samedetector0.6- 6.6 us later. First,the NIM discriminatorpulsesfrom thetwo PMTsin asinglecell
areANDed. Theoutputof the AND passeshrougha0.5 us delayline anda 0.10 s univibratordelaybefore
triggeringa 6 usdelayedgate. The stability of thesedelayswasfoundto becritical for a stabletriggeringrate.
The gateopeningunclampsanintegrator andbegins the chaging of a micacapacitorto measurdime delay
A muon-gatingpulseis alwayssentto the muonADC whenthegatingcircuit is quiescenti.e., gateclosed).
If asecondAND outputpulseoccurswithin the 6 us open-gatentenal, (a) it is routedto the electronADC
gateandto the CAMAC trigger, (b) it stopsthe chaging of theintegrator and(c) it initiatesan earlyresetof
the gateandit dischagesthe capacitor Stableunivibrator delaysare obtainedusing micatiming capacitors
andCMOSHarrisCD74HC4538HE.nivibrators.

The mineral-oil-basedscintillator hasa relatvely slow scintillator decaytime of ~ 50us, which is quite
adequatdor the 2.2 us decaytime of u-e decay However, the PMTs pro-
vide pulsesonly afew nanosecondm width for eachphotoelectrorwhen
the PMT outputis fed directly into a 5002 cable. Therefore anintegrating
R-L-C network or amplifier mustbe insertedbetweenthe PMT and 502
cable. We found a simple, passve series-paralletircuit quite satishctory
[Harnwell, G.P, 1938]. If, in thecircuit of Figurel, RC = £ = 7, the T
desiredtime constanand R = 5052, the PMT cablewill be perfectlyter .
minatedin 502 resistanceyet an L/R integratedsignalwill appearatthe
output. Analysis shavs that an identical integratedsignal appearsat the
RC junction,sothetwo junctionsmaybe connectedif desireddepending
uponthe sourcempedancealesiredfor the discriminatoroutputload.

As mentionedabore, the y-e strobeoutputsfor muonandelectroneventsaresentto two separaté.eCroy
ADCs. Whenthe muonADC is strobed the computeris notified andthe muonpulseheightsareread. The
computer a Pentium166Mhz running Linux 2.0.21,waits 6us for notification of the electronADC being
strobed.If this occurs,electronpulseheightsarereadandthe eventis stored. At this time, an OrtecAD811
ADC is readto give informationon which cell containedthe event, andthe decaytime of the muon. If no
electronis reported the dataacquisitionprogramstartsagain,clearsthe muon ADC registersandwaits for
anothemuon.

2.3 Detector Backgrounds: Two effectsarethe principal causeof backgroundcounts: PMT after
pulsingandaccidentatoincidencesTo reducetheresponsdéo PMT afterpulsingfwo PMTswereinstalledin
eachcell, anda coincidencevasrequired(resolvingtime =~ 100ns) for boththe muonsignalandtheelectron
decaysignal. As the afterpulsingdecreasedh frequenyg with increasingtime following a true scintillation
pulse,adelay(0.6 usin this case)furtherreducedhefrequeng of afterpulseswhich wasevidentby several
successie peakson the exponentialy-e decaycurwe. It is alsopossibleto programthe computerto remove
time sliceswhereafterpulsingappears.

The accidentapulse-pairrate, A, in counts/ s, the secondpulsebeingin the 6 us gate,is givenby A =
R?T, whereR = counts/ s of the cell (afterthe AND betweerits PMTs)andT = gatelengthin seconds.
For the conditionsof Mt. Lemmon,R =~ 320 counts/ sand7 = 6 x 10~ % sec,s0 4 ~ 0.6 counts/ s. The
u-e decaytriggerrateis ~ 10 events/ s,so~ 6 % of thetriggersareaccidentalsin Tucson,R =~ 100 counts

Figurel: L-R-C integrator



/ s,andthe u-e decayrate~ 3 events/ s,so A = 0.06 events/ s, giving a 2 % background.Sincetherange
of adecayelectronwith maximumeneqgy is =~ 0.3 min liquid scintillator the secondpulseof anaccidental
pulsepair will oftenhave a pulseheightexceedingthe upperlimit for decayelectrons.As aresult,mary of
theaccidental€anberemovedby thecomputemprogram.Onthemountain thetwo-fold ratewas,on average,
91 % of thesinglesrate,soif PMTswith verylittle afterpulsingwereavailable,asingePMT would sufice for
eachcell.

2.4 Detector Tuning Results:  Thedetectowastunedto setPMT outputlevelsapproximatelyequalas
well aseachcell triggeringonanequal,majorshareof decayelectrons.Two-fold ratesfor PMT pairswereset
atabout320counts/ s, a 3-fold increaseover whatwassatistictoryin a prototypedetectorat 720m altitude.

3 Conclusions:

A 200kg p-e detectoiis closeto anoptimalsizefor operationin anaturalCR backgroundastheaccidental
rateincreasesvith the squareof the singlesrate,placinganuppersizelimit, andthedecayelectronshouldbe
well-containedor mostevents,placinga lower sizelimit.
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