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Abstract

In several1960’s experimentsClydeL. Cowan’s groupobserved � -e-decayeventswith a sharp,statistically-
significantintensitypeaknear21hr LST (denotedtheCowanEffect). Thezenithhappenedto benear39deg N
and21hr RA, closeto thedirection( � 47deg N, � 21hr RA) of ourgalacticspiralarmandof theSun’smotion
in the galaxy. The � -e-decaydetectorswereomnidirectional,but the responsewould be stronglypeaked at
thezenithif theatmospherehighly attenuatedtheprimaryparticles.If galacticdarkmatter(DM) includesa
nonrotating,strongly-interacting component(SIMPs),it would arrive at Earthasa highly directional”wind,”
peakingat 21 hr LST- -a hugeCompton-GettingEffect for DM � ���	��
���
�
�
 . Peaksnear21 hr LST in brief
low andhighaltitudeArizonaexperimentsandin cosmicraydatafrom theLSND experimentarepresented.

1 Intr oduction:
We presenttheearly resultsof a cosmicray searchfor darkmatterat mountainaltitude. For 3 years,we

havebeenstudyingasiderealtimedependenceof thecosmicraystoppingmuonrate.Recently, wecompleted
two datataking runswith an 820 kg liquid scintillationdetectorat 2700m nearTucson,Arizona. Stopping
muonswerecountedin the detectorby searchingfor a muon-electronsignalpair with 127mmPMTs, the
decayelectronfollowing from .6 to 6 � s aftera muonsignal.Datawasmanipulatedby theuseof cutson the
zenithacceptanceangle,collimatingwith two plasticscintillationdetectorsplacedabovethemainliquid tanks.
Furthercutsweremadeto limit thedecayelectronenergy to its maximumcut-off. In additionwe presentan
independentanalysisof cosmicraystoppingmuondatafrom theLiquid ScintillatorNeutrinoDetector(LSND)
atLosAlamosNationalLabs.

Westartedthesearchwith apriori knowledgeof experimentsClydeCowanhaddonein theearly1960’s at
CatholicUniversity in Washington,D.C. He saw anunexplainedpeakin thestoppingmuonratein his liquid
scintillation tankwhenplottedin Local SiderealTime. We have attemptedto confirmhis resultswith better
statistics,aswell asexplain them,perhaps,in termsof darkmatter.

2 Analysis of CosmicRay data:
An early, preliminarysearchutilized a liquid scintillatortarget0.45m by 0.45m and0.68m high located

on thetop floor of thephysicsbuilding 1.2metersabove floor level. A 0.82m squareplasticscintillatorwas
placed0.28m above the liquid surface(CounterT). Theexperimentwasoperatedfor 148days. Whendata
from thecombination� -e Tbar (i.e., CounterT in anitcoincidence)wasplottedin 2-hoursiderealtime bins,
the20-22hr LocalSiderealTime(LST) bin showeda0.4percentpeak(2.3standarddeviations)relative to the
renormalized,smoothed� -e T histogram.This resultencouragedus to constructfour moremodulesfor use
on MountLemmon.

2.1 Analysis of Mt Lemmon CosmicRay data: This searchutilized four targetsin a squarearray,
each0.58m by 0.58m and0.69m high locatedin theUniversityof ArizonaHigh Altitude Laboratorywhere
theatmosphericdepthis 750g/cm� . CounterT1 (0.6m squareplasticscintillator)waslocated1.86m above
theliquid surfacecenteredonthefour modulearray. CounterT2 (0.82m square)waslocated1.15m abovethe
liquid surface,alsocenteredonthearray. At present,dataincludes30daysuninterruptedrunningin November
andDecember1998,plusa very recent20 daysuninterruptedrun in April andMay of 1999. The timing of



thesetwo runsweresuchthat a daily CR muonvariationdueto atmosphericconditionswould shift 12 hrs
whenplottedin siderealtime. Adding thesetwo runstogetherwould roughlycancelany civil time variations
sinceLST andMountainStandardTimewouldshift 180degrees.

Figure1 shows an LST plot of T1 + T2 + � -e decayevent totalsin 2hr bins from datataken November
7 to December7, 1998. A total of 2.11����
�� eventsareplottedfrom 27.7million � -e triggers,with a fairly
constantrateof 925,000per day. This daily ratechangedinverselywith the barometricpressure.A scale
with thesiderealday runningfrom 10 hrs to 34 hrs waschosento make our region of interest(21 hrs LST)
prominent.This conversionsimply startseachdayat 10 hrsLST, then,when24 hrsLST is reached,instead
of startingover to 0 hrs, theday is let run 10 morehours.Theprominentpeakat 18-20hrsLST might bea
candidatefor thepeakCowansaw in 1965.Currentdataputsthepeakat 1.3percentabove theaverageof the
two binson eitherside(i.e.,16-18hr and20-22hr).

Figure 2 shows datafrom April 20, 1999 to May 9. For the 20 active days,17.8 million eventswere
collectedwith anaverageof 890,000eventsperday. As thereis no peakin the18-20hr LST bin, thepeakin
Figure1 mayhave beencorrelatedwith solartime,andhasmovedto the30-32hr LST bin.

2.2 Analysis of Los Alamos Liquid Scintillation Neutrino Detector data: The LSND lab is
locatedunder2000g/cm� of iron andconcreteat 2100m elevation. In order to calibratethe equipment,it
wassometimesrun for several weekson cosmic-ray-generated � -e decays.The experimenterskindly made
this dataavailablefor additionalanalysisby theArizona group. Thevertical cosmicray muonsstoppingin
LSND wouldenterwith aninitial energy of 3 GeVin contrastto typically 70MeV in theArizonaexperiments.
LSND provided informationon the locationandinclination of eachstoppingmuontrack exceeding10 cm.
Somemuonsleakin throughlessshieldingneartheendcapsof thedetector, soendcap� -e decayeventswere
not includedin theArizonaanalysis.

Figure3 showstheresultsof acarefulanalysisof 8 daysof August1997LSND cosmicraystopping-muon
data.A 2.3 � enhancementis observed of 12.7 � 5.5eventsper20 minutesin the2 hourbin centeredat 21
hrsLST, ascomparedto theaverageof theother11 LST bins.Theeventsin Figure3 werecut to only accept
muonsoriginatingwithin 32degreesof thezenithandto rejectmuonsenteringtheLSND detectorthroughthe
endcaps.BecauseLSND wasoften takenoff-line for shortperiods,thenumberof eventsin eachacceptable
20 minutedatasegmentwasrequiredto fall within 3� of thefull 20 minutedatasegments.

No 21 hr LST enhancementappearsin thedatawithout somecut on zenithangle– but, whenwe further



restrict the zenith angleso as to cut out
thoseeventswith zenith angle less than
22.3 degrees,the 21 hr enhancementre-
mains,with similar significance.With an
additionalazimuthalanglecut restricting
the muonsto originate from the eastern
sky, we reducethe21 hr LST signalfrom
LSND approximatelyto 1.3 � , and like-
wise for a westernsky cut. Whenwe use
the22.3to 32degreezenithanglecut,and
restrictthemuonsto comefrom thesouth-
ern sky, thereis only a 0.9 � 21 hr LST
signal,but, whenwe restrictthemuonsto
comefrom thenorthernsky, the21hr sig-
nal is at a level of 2.0 � . The preference
for eventsto comefrom theNorth is con-
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Figure 3: Stoppingmuonratein siderealtime
sistentwith theearth-sunapex beingat 47.6degreesNorth declination(comparedto thedeclinationof zenith
(latitude)atLosAlamosof 35.87degrees).

3 Conclusions
It is disappointingthatthestatisticallysignificantpeakin theNovember- Decemberrunshown in Figure1

is totally absentin theApril - May runshown in Figure2, andthepeakin the30-32hr LST bin mayhave the
same(unknown) origin - nearmidnightMountainStandardTime. On theotherhand,it is alsopossible,since
the Sun+ Earthvelocity is a minimum on December4th anda maximumat 13 % highervelocity on June
2ndof eachyear, thatthemuonsin theFall passedthroughthedetectorin theSpring. In termsof finding the
CowanEffect,a longer, continuousrun is neededsincetheamplitudemight vary with timeof year. However,
absenceof a peakwould beconsistentwith our not observingany evidenceof theCowanEffect for vertical
muonsin Tucson,andour interpretation[Bowen,1999]thatCowan’sgroupwasobservingmuonsenteringhis
experimentsat 30 degreesor more. Interestingly, in theSpring1999data,theT2 + � -e decayhistogram(not
shown) doeshave a ����� peakin the20-22hr LST bin.

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