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Abstract

In several 19605 experimentClyde L. Cowan’s groupobsered u-e-decayeventswith a sharp,statistically-
significantintensitypeaknear21hr LST (denotedhe CowanEffect). Thezenithhappenedo benear39deg N

and21hrRA, closeto thedirection(~47deg N, ~21hr RA) of ourgalacticspiralarmandof the Suns motion
in the galaxy The pu-e-decaydetectorsvere omnidirectional but the responsevould be strongly pealed at
the zenithif the atmospherdighly attenuatedhe primary particles.If galacticdark matter(DM) includesa
nonrotating strongly-interactigp componen{SIMPSs),it would arrive at Earthasa highly directional’wind,”

peakingat 21 hr LST- -a hugeCompton-Getting=ffect for DM ¥ ~ 1/1000. Peaksnear21 hr LST in brief
low andhigh altitude Arizonaexperimentsandin cosmicray datafrom the LSND experimentarepresented.

1 Intr oduction:

We presenthe early resultsof a cosmicray searchfor dark matterat mountainaltitude. For 3 years,we
have beenstudyinga sidereatime dependencef thecosmicray stoppingmuonrate. Recentlywe completed
two datataking runswith an 820 kg liquid scintillation detectorat 2700m nearTucson,Arizona. Stopping
muonswere countedin the detectorby searchingor a muon-electronsignal pair with 127mmPMTs, the
decayelectronfollowing from .6 to 6 us aftera muonsignal. Datawasmanipulatedy the useof cutsonthe
zenithacceptancangle collimatingwith two plasticscintillationdetectorplacedabose themainliquid tanks.
Furthercutsweremadeto limit the decayelectronenegy to its maximumcut-of. In additionwe presentan
independendnalysisof cosmicray stoppingmuondatafrom theLiquid ScintillatorNeutrinoDetector(LSND)
atLos AlamosNationalLabs.

We startedthe searchwith apriori knowledgeof experiment<Clyde Cowvanhaddonein theearly 19605 at
CatholicUniversityin WashingtonD.C. He sawv anunexplainedpeakin the stoppingmuonratein his liquid
scintillationtank whenplottedin Local SiderealTime. We have attemptedo confirm his resultswith better
statisticsaswell asexplainthem,perhapsin termsof darkmatter

2 Analysisof CosmicRay data:

An early preliminarysearchutilized aliquid scintillatortarget0.45m by 0.45m and0.68m high located
onthetop floor of the physicsbuilding 1.2 metersabove floor level. A 0.82m squareplasticscintillatorwas
placed0.28 m above the liquid surface(CounterT). The experimentwasoperatedor 148 days. Whendata
from the combinationu-e Thar (i.e., CounterT in anitcoincidenceyvasplottedin 2-hoursiderealtime bins,
the20-22hr Local SiderealTime (LST) bin shaveda 0.4 percenipeak(2.3 standardleviations)relative to the
renormalizedsmoothedu-e T histogram.This resultencouragedisto constructfour moremodulesfor use
onMountLemmon.

2.1 Analysis of Mt Lemmon CosmicRay data: This searchutilized four targetsin a squarearray
each0.58m by 0.58m and0.69m high locatedin the University of ArizonaHigh Altitude Laboratorywhere
the atmospheria@epthis 750g/cn?. CounterT1 (0.6 m squareplasticscintillator) waslocated1.86 m above
theliquid surfacecenterednthefour modulearray CounterT2 (0.82m squarewaslocatedl.15m abovethe
liquid surface alsocenterednthearray At presentdataincludes30daysuninterrupteagunningin November
andDecemberl998, plus a very recent20 daysuninterruptedun in April andMay of 1999. Thetiming of



thesetwo runswere suchthata daily CR muonvariationdueto atmosphericconditionswould shift 12 hrs
whenplottedin sidereatime. Adding thesetwo runstogethemwould roughly cancelary civil time variations
sinceLST andMountainStandardlime would shift 180degrees.
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Figurel shavs anLST plot of T1 + T2 + p-e decayeventtotalsin 2hr bins from datataken November
7 to December7, 1998. A total of 2.11x 10 eventsare plottedfrom 27.7 million p-e triggers,with a fairly
constantrate of 925,000per day This daily rate changednverselywith the barometricpressure.A scale
with the siderealday runningfrom 10 hrsto 34 hrs waschosento make our region of interest(21 hrs LST)
prominent. This corversionsimply startseachday at 10 hrs LST, then,when24 hrsLST is reachedjnstead
of startingoverto 0 hrs,theday s let run 10 morehours. The prominentpeakat 18-20hrsLST mightbea
candidatdor the peakCowansawv in 1965. Currentdataputsthe peakat 1.3 percentabove the averageof the
two binson eitherside(i.e., 16-18hr and20-22hr).

Figure 2 shavs datafrom April 20, 1999to May 9. For the 20 actve days,17.8 million eventswere
collectedwith anaverageof 890,000eventsperday As thereis no peakin the 18-20hr LST bin, the peakin
Figurel mayhave beencorrelatedwith solartime, andhasmaovedto the 30-32hr LST bin.

2.2 Analysis of Los Alamos Liquid Scintillation Neutrino Detector data: The LSND lab is
locatedunder2000g/cn? of iron and concreteat 2100m elevation. In orderto calibratethe equipment;t
wassometimesun for several weekson cosmic-ray-generatieu-e decays.The experimenterkindly made
this dataavailablefor additionalanalysisby the Arizona group. The vertical cosmicray muonsstoppingin
LSND would enterwith aninitial enegy of 3 GeVin contrasto typically 70MeV in the Arizonaexperiments.
LSND provided informationon the locationandinclination of eachstoppingmuontrack exceedingl0 cm.
Somemuonsleakin throughlessshieldingnearthe endcap®f the detectorsoendcapu-e decayeventswere
notincludedin the Arizonaanalysis.

Figure3 shavs theresultsof acarefulanalysisof 8 daysof August1997LSND cosmicray stopping-muon
data. A 2.3 0 enhancemeris obsered of 12.7+ 5.5 eventsper 20 minutesin the 2 hourbin centeredat 21
hrsLST, ascomparedo theaverageof theother11 LST bins. Theeventsin Figure3 werecutto only accept
muonsoriginatingwithin 32 degreesof the zenithandto rejectmuonsenteringthe LSND detectorthroughthe
endcapsBecausd.SND wasoftentaken off-line for shortperiods,the numberof eventsin eachacceptable
20 minutedataseggmentwasrequiredto fall within 30 of thefull 20 minutedatasegments.

No 21 hr LST enhancemerdppearsn the datawithout somecut on zenithangle— but, whenwe further
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sistentwith the earth-surapec beingat 47.6 degreesNorth declination(comparedo the declinationof zenith
(latitude)at Los Alamosof 35.87degrees).

3 Conclusions

It is disappointinghatthe statisticallysignificantpeakin the November- Decemberun shavn in Figurel
is totally absenin the April - May run shavn in Figure2, andthe peakin the 30-32hr LST bin mayhave the
same(unknavn) origin - nearmidnightMountainStandardlime. Onthe otherhandi,it is alsopossible since
the Sun+ Earthvelocity is a minimum on Decemberth anda maximumat 13 % highervelocity on June
2ndof eachyear thatthe muonsin the Fall passedhroughthe detectorin the Spring. In termsof finding the
CowanEffect, alonger continuousrunis neededsincethe amplitudemight vary with time of year However,
absencef a peakwould be consistenwith our not observingary evidenceof the Cowan Effect for vertical
muonsin TucsonandourinterpretatiorfBowen,1999]thatCowan’s groupwasobservingnuonsenteringhis
experimentsat 30 degreesor more. Interestingly in the Spring1999data,the T2 + y-e decayhistogram(not
shawvn) doeshave a~ 1o peakin the20-22hr LST bin.

The 21 hr LST peakin LSND cosmicray datagivesa hint that the Cowan Effect may extendto muons
with enegiesabore 3 GeV.
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