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Muon production and decay

• Muons from pion
decay are 100% spin 
polarised.
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• Muon decay only 
involves leptons.

• e+ preferentially emitted 
in direction of µ+ spin.
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Integral asymmetry

(see PDG review “Muon Decay Parameters”)

= E / EMAX

Standard Model
Pµ = ξ = 1

(“V-A”)
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Existing results for Pµξ
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Existing results for Pµξ
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Left-right symmetric models
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Parity conservation restored at higher energies by introducing 
a heavy right-handed W.

Weak interaction eigenstates
(WL, WR)  in terms of mass 
eigenstates (W1,W2) and 
mixing angle (ζ):

Pµ and ξ are sensitive to 
mass ratio and ζ



Triumf Weak Interaction Symmetry Test (TWIST)
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 Highly polarized µ+

stopped in centre of 
symmetric detector.

 e+ tracked in highly 
uniform magnetic field.

 New data acquired in 
2006/2007. Analysis is 
ongoing.



Precision goals for Pµξ
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Uncertainties >0.03% for published TWIST Pµξ result:

Mag. Field depol.

Stop. Target depol.

Chamber response

e+ interactions

Alignment

0 0.1 0.2 0.3 0.4
uncertainty (%)Published

Goal

Depolarisation
uncertainties are 
dominant.



Depolarisation
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Stopping 
target

(Pµ depends 
on time)

Pµ depends on 
trajectory 

when entering 
fringe field.



Reducing fringe field systematic
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Internal muon beam used to 
monitor stability

y (cm)

new old

Frequency of beam 
measurements increased

 Beginning and end of every data 
set (~1 week)

 TECs found to be reproducible to
< 0.2 cm, < 3 mrad. Average positions

Beam steered on-axis Fringe field corrected

Average positions



Reducing target depol. systematic
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A lot more TWIST data

Subsidiary µ+SRSelected µ+ in metal using 
µ+ pulse width

Theory review

0.72 ± 0.06-Silver

1.17 ± 0.061.6 ± 0.3Aluminum

NowPrevious
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In 2 Tesla longitudinal field, with high 
purity (>99.999%) metal targets, 
form is
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(as long as µ+ stop in target)

Metal target
only

 Found no “fast depolarization”
down to 5 ns.

 Found consistent relaxation rates:
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Conclusions

• Final results for Pµξ due in 2010.

• Improvements made in muon beam steering and 
measurement, magnetic field map and time 
dependent relaxation.

• Goal is a total Pµξ uncertainty of 0.1%, likely to 
be limited by reproducibility of beam 
measurement.
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Subsidiary muSR experiment
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