Global Analysis of Muon Decay Measurements
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We have performed a new global analysis of muon decay measurements to establish model-
independent limits on the space-time structure of the muon decay matrix element [1]. The most recent
previous global analysis had been performed in 1988 [2]. Our analysis included new measurements of the
Michel parameters p [3] and o [4] by the TWIST Collaboration, as well as new measurements of the
transverse polarization parameters 1, 1", o', and B’ [5]. We find new limits on the scalar, vector, and
tensor couplings of right- and left-handed muons to right- and left-handed electrons. These couplings are
given by g’,,, where € and p represent the chiralities of the electron and muon, respectively. In the
standard model, g";; = 1, and all the other coupling constants are zero.

Table I shows the results. The limits on those terms that involve the decay of right-handed muons
to left-handed electrons are more restrictive than in previous analyses, primarily due to the inclusion of
the new p and & measurements. The limits on other possible non-standard model interactions are
comparable to those in previous analyses. The value of the Michel parameter 1 found in the global
analysis is -0.0036 + 0.0069. This is slightly more precise than the value found in a more restrictive
analysis of the transverse polarization parameters [5], and nearly a factor of two more precise than the
previous accepted value [6]. All three of the recent measurements [3-5] play important roles in reducing
the uncertainty in . This reduces the contribution of n to the uncertainty in the Fermi coupling constant
Grto AGp/Gp=6.7 x 10,

Table I. 90% confidence limits on the muon decay coupling constants.

Ref. [2] Present Work
|2kl <0.066 <0.067
2"zl <0.033 <0.034
g° 4l <0.125 <0.088
lg” 4] <0.060 <0.036
lg” gl <0.036 <0.025
12°x) <0.424 <0.417
lg”x] <0.110 <0.104
lg" s <0.122 <0.104
e <0.550 <0.550
lg” . >0.960 >0.960
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