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Outline

» Muon decay: physics relevant to P&

* Previous measurements and possibilities of
new physics.

 Depolarisation in TWIST
—solenoid fringe field
— muon stopping target
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The differential decay rate contains the product PHE
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New physics
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muon handedness

left-right symmetric models

SM predicts LH muon
decays to LH positron.

Probability of RH
muon decay to a LH
or RH positron is
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Previous measurements of P&

Direct measurements:

Beltrami et al. [1987] 1.0027 £ 0.0079 (stat) £ 0.0030 (syst)
Jamieson et al. [2004] 1.0003 £ 0.0006 (stat) + 0.0038 (syst)
(TWIST)

Indirect measurements:

Jodidio et al. & TWIST 0.9960 < P < 1.0040 (90%)

2006/7 analysis: aim for total
systematic uncertainty < 0.0010.
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Depolarisation in TWIST
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Depolarisation in fringe field
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(x),(y) = (005, 074, cm  (x),(y) =(013, 002) cm
(8,).(8,)=(-67,-112)mrad (6,),(6,)=(-49, -10)mrad

also:3 sets taken in 2006 with deliberate mis-steering
to validate simulation of P,
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Depolarisation in fringe field

2004: uncertainty of 0.0031 in P&

B2 (mT) X(cm) @, (mrad) 3 (cm) beam angle

94.4 0.07 ~5.9 0.97 7.0
94.4 0.06 —6.7 0.73 changed between
94.9 0.85 —1.1 0.87 ~5.0 monitoring runs
94.9 0.94 ~15 0.64 ~19.2
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Depolarisation in fringe field

2004: uncertainty of 0.0031 in P&

B2 (mT) & (cm) 0, (mrad) 7 (cm)
~112

—10.2

94.4 0.07 —5.9 0.97

94.4 0.06 —6.7 0.73

94.9 0.85 —1.1 0.87
94.9 0.94 —1.5 0.64

For 2006/7:

 Monitor beam at beginning and end of every set.

beam angle

changed between
monitoring runs

* Monitor proton beamline and beam on production target.
* Entire sets with beam monitor ‘in’ to look for changes.
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Depolarisation in fringe field

2004: uncertainty of 0.0031 in P&

B2 (mT) X(cm) @, (mrad) 3 (cm) beam angle

94.4 0.07 ~5.9 0.97 7.0
94.4 0.06 —6.7 0.73 changed between
94.9 0.85 —1.1 0.87 ~5.0 monitoring runs
94.9 0.94 ~15 0.64 ~19.2

For 2006/7:

 Monitor beam at beginning and end of every set.

* Monitor proton beamline and beam on production target.
* Entire sets with beam monitor ‘in’ to look for changes.

« Efficiency of beam monitor closely monitored.

* Improved beam monitor to detector alignment and beam monitor
calibration.
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Beam stability

discovered that internal
muon beam Is sensitive

to angle changes <2mrad
position changes <2mm
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Depolarisation at stopping target

2004: uncertainty of 0.0012 in P ¢

P.(t) =P, (0)texp(-at) P,(t)=P,(0)rexd-bt?)

MuSR
needed

time (us)
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Depolarisation at stopping target

2004: uncertainty of 0.0012 in P ¢

P.(t) =P, (0)texp(-at) P,(t)=P,(0)rexd-bt?)

MuSR
needed
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Depolarisation at stopping target

2004: uncertainty of 0.0012 in P ¢

P.(t) =P, (0)texp(-at) P,(t)=P,(0)rexd-bt?)

MuSR
needed

6 8 10 12
time (us)

0.353%) 9102 03 04 05 06

James Bueno, WNPPC’07, 18 February 2007




10/11

Summary for P ¢

Aim to Improve uncertainty on pre-TWIST
measurement of P ¢ by an order of magnitude.

Beam steered on axis to reduce depolarisation.
Many iImprovements in beam monitor.

Internal muon beam information gives stability
Information.

MuSR experiment reduces uncertainty on
stopping target depolarisation.

Expect final results in 2008/9.
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Questions and comments
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- backup slide
Fitting the average beam
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f@A_Q%,

z' = z+position of PC1,2 (-59.59 cm)

.Z’+¢

Helix works!

James Bueno, WNPPC’07, 18 February 2007



backup slide

£ y(cm)vsz(cm)
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B2 changed vertically steered beam

James Bueno, WNPPC’07, 18 February 2007



backup slide

Depolarisation theory

 No muonium as B field aligns conduction electron
spins to shield formation.

* Relaxation could occur due to
1) conduction electrons [Korringa, most likely]

) nuclear moments of Al or Ag
) paramagnetic impurities
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Exponential fits to Al and Ag

Jodidio 0.43+£0.34

2004 TWIST best fit 1.36 £0.12

Jess’s fit 1.64 £0.17

James’s preliminary fit 1.74 £0.20
Dick’s fit 1.4+0.2

James’s fit 1.41 £ 0.26
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