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Weak Matrix Element

In Standard Model (“V-A”):

gV
LL = 1

gκ
εm = 0 otherwise
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gκεm constrained by muon decay, inverse decay, etc.
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Decay (“Michel”) Spectrum

Pre-TWIST SM

ρ 0.7518 ± 0.0026 0.75
η -0.007 ± 0.013 0

Pμξ 1.0027 ± 0.0085 1

δ 0.7486 ± 0.0038 0.75
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Today’s results: new ρ and δ

ρ, δ, ξ are bilinear combinations of gκεm

Michel, Kinoshita & Sirlin



The TWIST Experiment
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TRIUMF Weak Interaction Symmetry Test

2 Tesla Magnetic Field

Planar Drift Chambers



Muon Production
and Transport
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The TWIST Detector
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Target
& PCs

NIM A548 (2005) 206
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Trigger
Scintillator

Low mass, symmetric, high-precision construction

Assembled by hand at TRIUMF
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15 November, 2001 2 November, 2007

Many thanks to
TRIUMF support staff!
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TWIST ρ and δ publications (2005) used 2002 data.

TWIST Pμξ publication (2006) used 2004 data.

Today’s ρ and δ measurements
use the same 2004 data.

Measurements from 2006/2007 data still to come!
(See talk by James Bueno.)
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Blind Analysis
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Experimental
Data

Geant3
Simulation

AnalysisAnalysis

Δρ, Δδ, Δξ

ρ, δ, ξ
Analysis made possible

by WestGrid

Spectrum
Fitter

hidden
ρMC, δMC, ξMC

revealed
ρMC, δMC, ξMC



Verifying our Simulation
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Muon stops 
here decay positron

fit track
upstream

fit track
downstream

Specialized data, reproduced in simulation
➞ independent of Michel parameters
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Geant3
Simulation

Analysis

Δρ, Δδ, Δξ

Systematic Uncertainty
(Δρ, Δδ, Δξ)
Exaggeration

=

Geant3
Simulation

Exaggerated Analysis
•Magnetic field
•Chamber alignment
•…

Spectrum
Fitter
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Units of 0.0001 Published
ρ

New
ρ

Published
δ

New
δ

Chamber response 5.1 2.9 6.1 5.2

Target thickness 4.9 < 0.1 3.7 < 0.1

Positron interactions 4.6 1.6 5.5 0.9

Alignment 2.2 0.3 6.1 0.3

Momentum calibration 2.0 2.9 2.9 4.1
Radiative corrections 2.0 < 0.1 1.0 < 0.1

Other 1.2 1.1 1.1 0.4

Total 9.2 4.6 11.3 6.7
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Phys. Rev. Lett. 94, 101805 (2005)ρ: Phys. Rev. D 71, 071101(R) (2005)δ:



Highlights of Improvements
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Chamber response online monitoring,
increased instrumentation

Target thickness precision target geometry

Positron interactions
improved upstream stops 

data

Momentum 
calibration

New calibration technique;
uncertainty is statistical



δ
ρ

New Measurements
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 TWIST published: 0.75080± 0.00032(stat)± 0.00097(sys)

 TWIST published:0.74964± 0.00066(stat)± 0.00112(sys)

 Pre-TWIST:0.7518 ± 0.0026

NEW (preliminary):0.75014± 0.00017(stat)± 0.00046(sys)
± 0.00011(η)

 Pre-TWIST:0.7468 ± 0.0026(stat) ± 0.0028(sys)

NEW (preliminary):0.75068± 0.00030(stat)± 0.00067(sys)
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Weak Coupling pre-TWIST Gagliardi* Current

|gSRR| < 0.066 < 0.067 < 0.063
|gSLR| < 0.125 < 0.088 < 0.076
|gSRL| < 0.424 < 0.417 < 0.415
|gSLL| < 0.550 < 0.550 < 0.550
|gVRR| < 0.033 < 0.034 < 0.032
|gVLR| < 0.066 < 0.036 < 0.027
|gVRL| < 0.110 < 0.104 < 0.105
|gVLL| > 0.960 > 0.960 > 0.960
|gTLL| ≡ 0 ≡ 0 ≡ 0
|gTLR| < 0.036 < 0.025 < 0.022
|gTRL| < 0.112 < 0.104 < 0.104
|gTRR| ≡ 0 ≡ 0 ≡ 0
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*Phys. Rev. D 72, 073002 (2005)90% Confidence Limits



PRELIMINARY
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The TWIST Experiment

ρ = 0.75014 ± 0.00017(stat) ± 0.00046(sys)
 ± 0.00011(η)

δ = 0.75068 ± 0.00030(stat) ± 0.00067(sys)

New high-precision measurement!

Systematics well understood

Significant improvements in Weak limits

On course for order of magnitude improvement
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Decay Parameters and 
Coupling Constants
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d2Γ
dx d(cos θs)

∝ FIS(x; ρ, η) + FAS(x; δ)Pµξ cos θ

Spectrum Fitter



Spectrum Fitter
d2Γ

dx d(cos θs)
∝ FIS(x; ρ, η) + FAS(x; ξ, ξδ)Pµ cos θ



Spectrum Fitter

N(αData) N(αMC)
∂N

∂ρ
∆ρ

d2Γ
dx d(cos θs)

∝ FIS(x; ρ, η) + FAS(x; ξ, ξδ)Pµ cos θ

= +

+ +

α = {ρ, δ, ξ}

∂N

∂ξδ
∆Pµξδ

∂N

∂ξ
∆Pµξ



Spectrum Fit Quality

23



Spectrum Fit Quality
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Parameter Sensitivity
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Full spectrum (no RCs)
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Energy Loss Scattering

Logarithmic Logarithmic



Energy Loss Scattering

Logarithmic Logarithmic

Linear Linear



Improvements to Systematics
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Chamber response online monitoring,
increased instrumentation

Target thickness precision target geometry

Positron interactions improved upstream stops data

Alignment
improved techniques, better 

understanding of uncertainties

Momentum calibration new calibration techniques,
uncertainty is statistical

Radiative corrections higher-order corrections,
uncertainty tested directly



Limits on Right-Handed 
Muon Decay

Gagliardi: Qµ
R < 0.007

Qµ
R =

1
4
|gS

LR|2 +
1
4
|gS

RR|2

+ |gV
LR|2 + |gV

RR|2 + 3|gT
LR|2

Qµ
R < 0.014Pre-TWIST:

Qµ
R < 0.006Current:

Gagliardi et al., PRD 72 073002 (2005)



Left-Right Symmetry
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WL = W1 cos ζ + W2 sin ζ
WR = eiω(−W1 sin ζ + W2 cos ζ)

TWIST Published:
Pre-TWIST:

Current:

ζg =
∣∣∣∣
gR

gL
ζ

∣∣∣∣ =

√
1
2

(
1 − 4

3
ρ

)

|ζg| < 0.028
|ζg| < 0.066

|ζg| < 0.022


