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Abstract. Wepresentanintroductionto theMuLAN andMuCAPexperimentsatPSI,whichaimat
highprecisiondeterminationsof two fundamentalWeakInteractionsparameters:theFermiconstant
GF andtheinducedpseudoscalarform factorgp, respectively.

MULAN - MUON LIFETIME

The Fermi coupling constantGF is oneof the fundamentalconstantsof the Standard
Model.GF is obtainedfrom themuonlifetime via a calculationin theFermiModel, in
whichweakinteractionsarerepresentedby acontactinteraction.

FIGURE 1. Theexperimentalprincipleof thelifetimemethod is tomeasurethetimedifferencebetween
a muonstoppingin a target andits decayelectronor positron. In thecaseof µ

�
this ideally resultsin a

singleexponentialwith λ0 � 1
�
τµ� (MuLAN); for µ � in hydrogentherateis increaseddueto thecapture

processto beλ � λ0 � λcapture. Thecapturerateconsequently follows by comparingthelifetimesof both
muon charge statesin hydrogen(MuCAP).

Thegoalof theMuLAN (Muon Lifetime Analysis)experiment[3] is thedetermina-
tion of thepositivemuonlifetime,τµ� , with aprecisionof 1 ppm;themethodis sketched
in Fig.1.In orderto achievethishigherprecisionthanall combinedexisting experimen-
tal results,the statistics and systematics of the measurementhave to be dramatically
improved.

The ingredientsto achieve this challenginggoal are:1) Constructionof a multiseg-
ment(170 tiles) detector, readout via fast(500MHz, 8 bit) waveformdigitizers;both
arecrucial in orderto separatepile-up eventsof two simultaneousdecayelectronhits
in onedetectormodule. The layout of thedetectorandits elementsis shown in Fig.2.
A depolarizinganddephasingtargetmaterial- e.g.sulfur - will beusedin a 70 Gauss
magneticfield to controlthemuonspinrotationfrom residualmuonpolarization.

2) Construction of a new kicked muon beamline in the high intensity πE3 muon
channelat thePaul Scherrer Institute (PSI). This will allow usto collect1012 eventsin
a few weeks.Muonswill be storedin the target in a � 5µsperiodfollowed by a 22µs
(10 � τµ) detectionperiodwith theelectrostatickickeroff.



FIGURE 2. Individual scintillation counters,double layeredscintillator tiles; their arrangementto a
detector module; schematicview of thefull MuLAN soccer-ball detectorandelectronicracks.

In a recentrun we successfullyinstalledandtestedthekicker in theπE3 beamline,
which demonstratedthe feasibility of themeasurementstiming. A offline run with the
detectoris underway to testthefull setupwith LEDssimulatinghits.Fall’03 will seea
first beamtest.

MUCAP - MUON CAPTURE

FIGURE 3. View of the MuCAP experiment locatedin PSI’s µE4 area.From left to right: the final
beamline quadrupoles; the cylindrical scintillator hodoscope(eSc)with photomultiplier tubes;the TPC
with the surrounding magnet rolled back from its centerposition inside the hodoscope;the hydrogen
purificationandfilling apparatus.

The goal of MuCAP[3] is the high precisionmeasurementof the singlet Muon
Capture rateon the protonin low-density, ultra-cleanH2 gas.The muoncapturerate



on the protonλcap canbe directly relatedto the inducedpseudoscalarform factorgp
of the nucleus,which wascalculatedvery accuratelywith recentheavy baryonchiral
perturbationtheoryapproaches.Existingexperimentaldataareoutdated,lack accuracy,
andshow a unresolved discrepancy betweenresultsfrom ordinarymuoncaptureand
radiative muoncapture.MuCAP determinesthecaptureratevia thelifetime methodas
sketchedin Fig.1. Goal of MuCAP is a 1% precisionon λcap, which in turn yields a
7% error on gp. This is very challenging, dueto the large differencein involved rates,
(λcap � 700s	 1, λ0=455000s	 1, λtransf er to Z 
 1 � 109s	 1 ), and due to the complex
chemistry of negativemuonsin hydrogen.

FIGURE 4. a) Typical MuCAP event: Hits in the entrancescintillator (mu) and wire chambers
(muPC1/2)arefollowedby a muon stopin theTPC.Thestopping muontriggers a higherthreshold asit
depositsmoreenergy at theendof theBraggrange.Thedashedlinesdemonstratetheallowedrangeof 24
µsdrift time in theTPCafter theinitial entrancescintillatorhit. Themuon decayelectron is observed in
onewire chamber (ePC1)andin thefour-fold hodoscopecoincidence(eSC).b) Detectedimpurity capture
event in theTPC,mostlikely on a nitrogennucleus. Themuonstopsandaftera shorttime a very large
signalfrom a chargedparticleoccurs. Thetime differenceis definedby themuontransferratetimesthe
impurity concentration.

As partof theeffort to control themolecularprocesses,ultra-cleantargetconditions
are selectedwhich enhanceonly muonic atomic singlet statesand suppressmuonic
molecularformation. A uniquehigh pressure(10 bar) purehydrogentime projection
chamber(TPC)servesasanactive targetdetector. To meetstringentpurity conditionsit
is madeoutof quartz-glassandbakeableup to 130degreeC. It is surroundedby aµSR-
controlling saddle-coilmagnetwhichprovidesa70Gaussfield (relevantonly for theµ �
measurement,asnegativemuonsareeffectively depolarizedin theatomiccascade);two



largecylindrical wire chambers(ePC1/2);anda16-tile,two-layerscintillatorhodoscope
(eSc),whichseesapproximately2/3of all decayelectronsin coincidence.A view of the
setupis presentedin Fig.3.The timing startwith a hit in theentrancescintillator (mu)
andstopswith a hit in the scintillator hodoscopecounters,both with excellenttiming
resolution.TheeScis readoutwith fastwaveformdigitizers.

The TPC is essentialfor controlof thesystematics,for several reasons:1) It allows
theunambiguousidentification in 3D of themuonstoppingpositionsin hydrogen(and
consequently excludeswall stops).2) It candetectimpurity captures(our high Z con-
taminationin thehydrogenafterpassingthepalladiumfilter is smallerthan0.1ppmand
canactively bemonitoredvia muoncaptureeventson thecontaminantnuclei- Fig.4b).
3) Muon transferto deuteriumcanbe observed: A mismatchbetweenmuonstopping
position andback-trackeddecayelectronin thetwo surroundingwire chambersindicate
µd diffusionevents.

Fig.4ashows a typical eventwherea muon,afterbeingseenin all entrancecounters,
stopsin theTPC.Most of thetime muonsonly triggera low threshold,but in thefinal
part of the track, wherethereis a large energy deposition, the high thresholdis also
fired. Thedecayelectronis observedin surrounding counters.Fig.4bshows a detected
impurity event:A stoppingmuonfollowedshortlyafterby averyhighthresholdtrigger.

As of summer’03 a MuCAP commissioning run is in progressandfirst physicsdata
areexpectedsoon.
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