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Generalized Muon Decay 

Lorentz invariant, local 4 fermion interaction

 Fetscher-Gerber formalism 

 Includes scalar, vector, and tensor (S,V,T) interactions 
among left- and right-handed leptons.  19 real parameters.

  SM postulate:  gV
LL

=1, all others 0.

 Muon decay purely leptonic process, testing this assumption.
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Muon Decay Parameters 

Polarized muon differential decay rate vs.  energy and angle:

Muon decay parameters , ,bilinear products 

of gγ
εμ

 (Michel, Kinoshita and Sirlin)

Measurement of positron  polarization  yields additional parameters
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The TWIST Experiment

TRIUMF Weak Interaction 
Symmetry Test
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Polarized Muon Production and Transport

 Pions decaying at rest produce muon 
beams with P

 =100%. (SM).

 Depolarization must be controlled 

using small emittance beams near 

kinematic edge, 29.8 MeV/c.

 Use   103  + s-1.

 Muon total range at density 1 only 

about 1.5 mm!

 Measure beam emittance at entrance 

to solenoid.

M13 beam line

P
μ

π

P
μ
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Low­mass high­precision planar chambers symmetrically placed around thin target foil 
which stops nearly all of surface muon beam. Z precision 5 10­5, wire position 5. 44 
drift chambers (DME), 12 proportional chambers (CF

4
­isobutane), He gaps.

Measurement initiated by single thin scintillation counter at entrance to detector.

Beam stop position controlled by variable He/CO2 gas degrader. NIM A548(2005)206

Momentum and angle of the decay positron are determined from the drift chamber hits.

Trigger 
Scint
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Michel Parameter Analysis

N Data        =      N Sim     +   
∂N
∂



    
∂ N

∂P
P   +  

∂ N

∂P
P

Decay spectrum linear in ρ, η, P
μ
ξ, P

μ
ξδ. Fix η to expt.

Fit experimental spectrum to blinded simulation.
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Simulation: positron interactions

 GEANT simulation must be validated for 
e+ energy loss and multiple scattering.

 Stop muons at one end of detector.

 Measure e+ track on each side of target, 
before and after passage through it.

 Compare differences in 2004 data and 
simulation.

Muon stops here

fit track
upstream

fit track
downstream
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Tracking (in)efficiency

Note the 
scale!
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Energy Calibration

MC

Data

Data Resolution   ~70 KeV/c 
MC Resolution     ~65 KeV/c 
Relative Shift        ~5 KeV/c
Geometry  Error   ~5 KeV/c
Adjusts for energy loss in target
Account for resolution 
difference
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Spectrum Fit Quality
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Spectrum Fit Quality
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Consistency of Fits
Multiple data sets taken under different conditions
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Consistency of Fits
Multiple data sets taken under different conditions
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Leading Systematic Uncertainties

Positron Interactions Chamber Response Energy Scale Beam Emittance Target Depol
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Current Status; Final Goals

 Inner bars show statistical uncertainties only. Outer bars are full uncertainties. 

P.R.L. 94, 101805(2005)
P.R. D78, 032010(2008)

P.R. D71, 071171R(2005)
P.R. D78, 032010(2008)

P.R. D74, 072007 (2006)
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Global Analysis of Muon Decay Data

 decay parameters can be expressed as bilinear combinations of g

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more positron polarization parameters ...
Allowed ranges of  these coupling constants are then obtained by computing the 
joint probability density function from the experimental measurements.
Gagliardi et al, Phys Rev 72(2005)73002.
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Limits on Right-Handed Muon Decay

Gagliardi:    Qμ
R
<0.007 

Current:      Qμ
R
<0.006:

Pre-TWIST:  Qμ
R
<0.014

Q
R

=

1

4
∣gLR

S ∣2
∣gRR

S ∣2
∣gLR

V ∣2
∣gRR

V ∣2
3∣gLR

T ∣2
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Indirect Pμξ Limit

Jodidio  Pμξδ/ρ > 0.9968 
combined with Qμ

R≥0:

Pμξ  = 0.9973 ± 0.0013

TWIST Direct : Pμξ =1.0003 ± 0.0006 ± 0.0038
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2006/2007: Final Data

 Beam characterization improvements:
 Significant improvement to TEC. Beam characterizations 

start and end of each dataset.
 Online monitoring of beam conditions.
 Steering added to M13 beamline.

 Chamber improvements:
 Rearrangement of chamber spacing.
 Measurement of stops in PC gas.

 Analysis improvements:
 Measured chamber response for each plane
 Calibrations
 Depolarization measured independently.

 Increased statistics especially in simulations.

 Code is frozen and analysis is underway.

 Completion 2009-2010



Art Olin:   PANIC 2008 A Precision Measurement of Muon Decay Parameters

TWIST  Participants
TRIUMF

Ryan Bayes y
Yuri Davydov
Jaap Doornbos
Wayne Faszer
Makoto Fujiwara
David Gill
Alexander Grossheim
Anthony Hillairet  y
Robert Henderson
Jingliang Hu
Glen Marshall
Dick Mischke
Mina Nozar
Konstantin Olchanski 
Art Olin y
Robert Openshaw
Jean-Michel Poutissou
Renée Poutissou
Grant Sheffer
Bill Shin zz

Alberta
Andrei Gaponenko 
Peter Kitching
Robert MacDonald
Maher Quraan  

British Columbia
James Bueno
Mike Hasinoff
Blair Jamieson 

Montréal
Pierre Depommier

Regina
Ted Mathie
Roman Tacik

Kurchatov Institute
Vladimir Selivanov

Texas A&M

Carl Gagliardi

Jim Musser 

Bob Tribble 

  Valparaiso

Don Koetke 
Shirvel Stanislaus 

Graduate student
Graduated student
y   also U Vic

zz also Saskatchewan

Supported by NSERC, DOE, 
RMF, Westgrid



Art Olin:   PANIC 2008 A Precision Measurement of Muon Decay Parameters

New Coupling Constant Limits

Coupling Fetcher TWIST

<0.066 <0.063

<0.033 <0.032

<0.125 <0.076

<0.060 <0.027

<0.036 <0.022

<0.424 <0.415

<0.110 <0.105

<0.122 <0.104

<0.550 <0.550

>0.960 >0.960
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Neutrino mass implications at 10-7-10-4 for vector LR/RL: Erwin et al.  
PRD75,33005 (2007).
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