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Abstract. We presenanintroductionto theMuLAN andMuCAP experimentsat PSI,whichaimat
high precisiondetermirationsof two fundamentalWeakinteractiors paranetersthe Fermiconstant
Gr andtheinducedpseudscalarform factorg p, respectiely.

MULAN - MUON LIFETIME

The Fermi coupling constantGg is one of the fundamentakonstantf the Standard
Model. Gg is obtainedfrom the muonlifetime via a calculationin the FermiModel, in
whichweakinteractionsarerepresentedly a contactinteraction.
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FIGURE 1. Theexpeimentalprindple of thelifetime methal is to measue thetime differencebetween
amuonstoppingin atarget andits decayelectronor positran. In the caseof u+ this ideally resultsin a
singleexponentialwith Ao = 1/1,+ (MULAN); for u~ in hydrogentherateis increasediueto thecapture
processto beA = Ao + Acaprure- Thecapturerateconseqently follows by compringthelifetimesof both
mua chage statedn hydrogen (MuCAP).

Thegoalof the MULAN (Muon Lifetime Analysis)experiment3] is thedetermina-
tion of thepositve muonlifetime, T+, with aprecisionof 1 ppm;themethods sketched
in Fig.1.In orderto achieve this higherprecisionthanall combinedexisting experimen-
tal results,the statisics and systemats of the measuremenhave to be dramatically
improved.

The ingredientsto achieve this challenginggoal are: 1) Constructionof a multiseg-
ment(170tiles) detectorreadout via fast(500 MHz, 8 bit) waveformdigitizers;both
arecrucialin orderto separateile-up eventsof two simutaneousdecayelectronhits
in onedetectormoduk. The layout of the detectorandits elementds shavn in Fig.2.
A depolarizinganddephasingarget material- e.g.sulfur - will be usedin a 70 Gauss
magnetidield to controlthe muonspinrotationfrom residualmuonpolarization.

2) Constructio of a new kicked muonbeamline in the high intensiy TE3 muon
channelat the Paul Scherer Institute (PSI). This will allow usto collect 1012 eventsin
a few weeks.Muonswill be storedin thetargetin a ~ 5usperiodfollowed by a 22us
(10x 1) detectiorperiodwith the electrostatidkicker off.



FIGURE 2. Individual scintillation courters, doule layeredscintillator tiles; their arrangmentto a
detecto module; schematiaiew of thefull MuL AN soccefball detectorandelectronicracks.

In arecentrun we successfullyinstalled andtestedthe kicker in the E3 beamline,
which demonstratedhe feasibility of the measurementsming. A offline run with the

detectolis underway to testthe full setupwith LEDs simulating hits. Fall'03 will seea
first beamtest.

MUCAP - MUON CAPTURE

FIGURE 3. View of the MuCAP experimentlocatedin PSl's uE4 area.From left to right: the final
beantine quadupdes; the cylindrical scintillator hodascope(eSc)with phaomultiplier tubes;the TPC
with the surrounding magret rolled back from its centerpositioninside the hodascope;the hydrogen
purification andfilling appaatus.

The goal of MUuCAPI3] is the high precision measuremenof the singlet Muon
Capture rate on the protonin low-dengty, ultra-cleanH, gas.The muoncapturerate



on the protonA¢5p canbe directly relatedto the inducedpseudoscalaform factorgp
of the nucleus,which was calculatedvery accuratelywith recentheary baryonchiral
perturbatiortheoryapproachesxistingexperimentaldataareoutdated]ack accurag,

andshowv a unresohed discrepang betweenresultsfrom ordinary muon captureand
radiatve muoncapture MUCAP determineghe captureratevia thelifetime methodas
sketchedin Fig.1. Goal of MUCAP is a 1% precisionon Acap, Which in turn yields a
7% erroron gp. Thisis very challenging dueto the large differencein involved rates,
(Acap ~ 7008 1, Ng=455008 1, Atransfertoz 1 ~ 10°s 1), and dueto the comple

chemisty of negatve muonsin hydrogen.

FIGURE 4. a) Typical MuCAP event: Hits in the entrancescintillator (mu) and wire chambes
(muPC1/2)arefollowedby a mum stopin the TPC. The stoppng muontriggers a higherthreshdd asit

depositsmore enegy attheendof theBraggrange. Thedashedinesdemamstrateheallowedrangeof 24

usdrift time in the TPC aftertheinitial entrarce scintillator hit. The muan decayelectran is obsened in

onewire chambe (ePC1)andin thefour-fold hodascopecoinciderte (eSC).b) Detectedmpurity capture
event in the TPC, mostlikely on a nitrogennuclets. The muonstopsandaftera shorttime a very large
signalfrom a chagedparticleoccus. Thetime differenceis definedby the muontransferratetimesthe
impurity concetration.

As partof the effort to controlthe molecularprocessegjltra-cleantarget conditions
are selectedwhich enhanceonly muont atomic singlet statesand suppressmuonc
molecularformation A uniquehigh pressurg10 bar) pure hydrogentime projection
chambe(TPC)senesasanactive tagetdetector To meetstringentpurity conditionsit
is madeout of quartz-glasandbakeableup to 130degreeC. It is surroundedy a uR-
controling saddle-coimagnetvhich providesa 70 Gausdield (relevantonly for theu
measuremengsnegative muonsareeffectively depolarizedn theatomiccascade)two



largecylindrical wire chambergePClL/2); anda 16-tile, two-layerscintillatorhodoscope
(eSc),whichseesapproximately2/3 of all decayelectronsn coincidenceA view of the
setupis presentedn Fig.3. Thetiming startwith a hit in the entrancescintillator (mu)
andstopswith a hit in the scintillator hodoscopeounters poth with excellenttiming
resoluton. TheeScis readout with fastwaveformdigitizers.

The TPCis essentiafor control of the systematicsfor severalreasonsl) It allows
the unambiguousdentificationin 3D of the muonstoppingpositionsin hydrogen(and
consequemnyl excludeswall stops).2) It candetectimpurity captureqour high Z con-
tamirationin the hydrogerafterpassinghe palladiumfilter is smallerthan0.1 ppmand
canactively be monitoredvia muoncaptureeventson the contaminantuclei- Fig.4b).
3) Muon transferto deuteriumcan be obsered: A mismatch betweenmuon stopping
posiion andback-traclkeddecayelectronin thetwo surroundingvire chambersndicate
ud diffusionevents.

Fig.4ashavs atypical eventwherea muon,afterbeingseenin all entrancecounters,
stopsin the TPC. Most of the time muonsonly triggera low threshold but in thefinal
part of the track, wherethereis a large enegy depositon, the high thresholdis also
fired. The decayelectronis obseredin surroundng countersFig.4bshows a detected
impurity event: A stoppingmuonfollowedshortlyafterby avery highthresholdrigger.

As of sumner'03 a MuCAP commissoning runis in progressandfirst physics data
areexpectedsoon.
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