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Abstract.

The TRIUMF WeakInteractionSymmetryTest(TWIST) hasnow completedts datacollection
period. Thesedatarepresenthe world's most precisemeasurementf the muondecayspectrum.
The experimentexpectsto meetits ambitiousgoalsof an order of magnitudeimprovementover
pre-TWISTresultsfor themuondecayparameters , d andP5x.

OurmostrecentpublishedesultsarepresentedThemeasurethathave beentakento reducethe
systematiaincertaintiegor theupcoming nal resultaredescribed.
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INTRODUCTION

Muon decayis a purely leptonic process.The matrix elementfor the most general
Lorentz-irvariant,derivative-free,lepton-numbeiconservingmatrix elementM canbe
written in termsof helicity-preservingamplitudesas[1]
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wheregikj arethe complex weakcouplingconstantandG< arethe possibleinteractions

(scalarvectot tensor) In thisnotation theStandardModel (SM) postulateshatg)’, = 1,
and gikj = 0 otherwise lf the polarizationof the decaypositronis undetectedthenthe
differentialdecayratecanbe expresseds
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wherex = Ee=Emax, g is the angle betweenthe muon polarizationand the positron
momentumpP, = jP,j (thedegreeof muonpolarization),and

Fs(x) = x(1 X+ gr 4% 3x X(Z) + hx(1 X))+ RC;; 3)
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Fag(X) = 3 X2 x 1 x+ §d 4% 3+ 1 x5 1 +RC: (4)

TheR.C.termsareradiatve correctionswhichbecomemoresigni cant asx approaches
one. The muon decayparameters, d, Ppx and h are bilinear combinationsof the
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FIGURE 1. TheTWIST spectrometer

weak coupling constantsThe TWIST experimentmeasures , d andP?x to partsin
10%, whereP? is the polarizationof the muonfrom pion decay The SM predictsthat
r = d=3=4,PP = x = 1,andh = 0; deviationsfrom thesepredictionswould indicate
new physics.

EXPERIMENT

Highly polarizedpositve muonswere stoppedin a thin metalfoil at the centerof a
symmetricarrayof planardrift chambergseeFig. 1), within the boreof a solenoidthat
producedauniform2:0T magneticeld. Thedecaypositronhelicesweretrackedby the
drift chambersandtheirtrajectoriesverelaterreconstructedb determinehe positrons
initial enegy andangle.Furtherdetailontheapparatuganbefoundelsavhere[2].

The muonbeams positionandemittanceveremeasuredeforethe2:0T eld using
a pair of low masstime expansionchamberg TECs)[3]. Thesewere removed while
accumulatinghominaldatasincetheir multiple scatteringdepolarizedhe muonssignif-
icantly. Themeasuredbeamfrom the TECswasusedto initiate themuonsin a GEANT3
simulationthat transportedhe muonsto the metaltarget in orderto determinetheir
decaypolarization.

Themuondecayparametergveremeasuredy comparinghe positronspectrunfrom
the datato a GEANT3simulationthat was subjectedo the sameanalysis.In this way



TABLE 1. Condence limits (90%) on the weak coupling
constantsfrom a globalanalysisof muondata.

Pre-TWIST Gagliardi etal. MacDonald etal.

jotxl  <0.125 <0.088 <0074
jolfsl  <0.060 <0.036 <0.025
jo'si  <0.036 <0.025 <0.021

the inef ciencies and reconstructiorbiaseswere accountedor within the simulation.
Hiddenvaluesof r, d andx wereusedin the simulation,andthesewerenot revealed
until correctionsand systematicuncertaintieshad beenevaluatedon the differencein
decayparameterdetweerthe dataandsimulationspectrathis techniqueexploited the
spectrumslinearityin r, PPx andPhxd (seeEgs.(3),(4)).

Specialdatavalidatedthe positronphysicsin the simulation: muonswere stopped
closeto theentranceof the detectoyandthe decaypositronswereindependentlyecon-
structedin eachhalf of the detector The differencesn enegy andanglebetweenhese
two trajectoriesnverein excellentagreementor dataandsimulation[4].

RESULTS

Our mostpreciseresultsfor the muondecayparameterare[4, 5]

r = 0:75014 0:00017(stat) 0:0004Gsyst) 0:00011(h); (5)
d = 0:75068 0:0003Q(stat) 0:00067(syst); (6)
PPx = 1:0003 0:0006(stat) 0:0038(syst): (7)

The parameterh is x ed to the world averagevalue, which introducesan additional
uncertaintythroughits correlationwith r. The resultsare consistentwith the SM,
and represenimore than a factor of ve improvementover the pre-TWISTr andd
measurementfs, 7], and are a factor of two more precisethan the previous direct
PPx result[8]. Ther andd resultswerelimited in precisionby uncertaintiesn the
drift chamberesponseandthe PP, resultwaslimited by theaccurag of simulatingthe
depolarization.

A globalanalysisof muondecaydatathatincludedthe latestTWIST results[9] has
improvedthe limits ontheweakcouplingconstantigi’j- in Eq. (1)). Thethreecoupling
constantghataremostsensitve to TWIST resultsareshown in Table1. The coupling
constantscan be usedto establisha limit on the probability for the decayof a right-
handedmuoninto aleft- or right-handedositron.Priorto TWIST thiswas1:4% (90%
C.L.), andour latestresultsreducethelimit to 0:23%.

In left-right symmetricmodels,an additionalheavy right-handedwW-boson(Wg) is
introducedto restoreparity conseration at high enegies[10]. The TWIST resultfor
r, combinedwith a previous measurementf P,xd=r [11], allows model-independent
limits on thethe mixing angle(z) betweertheW_ andWk. The pre-TWISTIimit from
muondecaywasjzj < 0:066,andthisis now reducedo jzj < 0:022.



IMPROVEMENTS FOR THE FINAL MEASUREMENT

Final datawere acquiredin 2006 and 2007, with a higher quality muonbeamand a
threefoldincreasen statistics Theanalysisof this datais nearingcompletion.

Thespace-timeelationshipgSTRs)in thedrift cellshave beenimproved,by correct-
ing themsothatthe tting residualsare minimized.Eachdrift chambemwascorrected
independentlythis accountedor smalldifferencesn constructiorandresponse.

Thebeamline wasupgradedo correctanundesirablenuonbeamverticalde ection
of  1:0cm. The beamwas steeredonto the symmetryaxis of the solenoid,which
reducedheuncertaintyin simulatingthe depolarizationBeammeasurementssingthe
TECswere carriedout more frequently and the long term stability of the beamwas
monitoredusingits averagepositionwithin the detector

Muonswerestoppedn bothanAl andAg foil (previously only anAl foil wasused).
The statisticaluncertaintyof the polarizations relaxationrate wasreducedby a factor
of three.A subsidiaryni” SR experimentmeasuredelaxationin the samefoils, and
provided con rmation that a single exponentialform was appropriateand suf cient
for the depolarizationdown to 10ns The target foil was also the cathodefoil for a
proportionalchamber;for the nal measurementhe pulsewidth in this chambemwas
usedto remove muonsthatstoppedanddepolarizedn thechambegas.

CONCLUSIONS

The experimentis on courseto achiesze an orderof magnitudeimprovementover the
pre-TWISTresultsfor r, d andPP.x. The dominantsystematiaincertaintiehiave been
reducedandthe nal resultsareexpectedn early2010.
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