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1. Objective

e Improve the measurement of the muon decay parameter P,,§
e Determine the level of left-handedness of Electro-Weak decays
e Put limits on or validate Left-Right Symmetric (LRS) Models

2. The TWIST Experiment

o TRIUMF Weak Interaction Symmetry Test (7WZS7T ) measures
the momentum and angle of e™ from muon decay: ;= — e v v,

e 7VWIST made precision measurements of the muon decay
parameters p [2] and ¢ [3]

o Indirect Measurement (7 WZS7T and Jodidio [4] P,{p/0):
0.9960 < P,§ < & < 1.0040 at 90% conf. level

e Goal of 7WIST is to reduce the uncertainty in the muon decay
parameters to parts in 10%,
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3. Physics Motivation

3.1 General Matrix Element

General matrix element:

G
M = 472 > gd < edMve >< 0|y |y, > (1)
y=5,V.T

e, u=R,L
e g/, are the decay coupling constants

e v = 5, V. T are the scalar, vector, and tensor interactions

o ¢, i1 = L, R are the chirality of the electron or muon

e SM: all zero coupling constants, except 9‘L/L =1

3.2 Muon Decay Parameters

e Muon decay parameters, p, 1, °,§, and 0, are bilinear
combinations of g/,

e Muon decay rate in terms of muon decay parameters, reduced
energy, =, and angle 0:
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where © = E. /W, We,, = %Te, T = &'}6 ,and
ep

Fro(x) = z(1l —x) + %p(4x2 — 31 — x3) + nxo(l — )
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3.3 Handedness of Muon Decay

¢ ¢ and ¢ limit right-handed interactions:
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3.4 LRS Models

P& sets limit on Wy /Wp mass (e = (W)Z) and LR mixing
parameter (¢, = g—fc ) [5]:
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4. Analysis

4.1 Blind Analysis Procedure

Fit data to Monte-Carlo with hidden muon decay parameters using
Avc = (0, Pu§| pes, Puéd)
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4.2 Systematic Uncertainty Estimates

Systematic Effect Uncertainty (x10°) Total
Muon Beam and Polarization 3.69
fringe field (ave) 3.40

stopping target (ave) 1.40

production target 0.21

Chamber Response 0.98
ty variations (ave) 0.89

foil bulges (ave) 0.22

cell asymmetry 0.22

up-down efficiency 0.19

density (ave) 0.17

Positron Interactions 0.32
hard interactions (ave) 0.29

radiative corrections 0.10

multiple scattering 0.08

outside material 0.02
Spectrometer Alignment 0.31
rotations 0.22

Z position 0.22

B field to axis 0.03

Momentum Calibration 0.19
end point fits 0.16

B field uniformity 0.09

Total Systematic Uncertainty 3.8

4.3 P, Offset from Black Box

e Consistency check with unknown offset (still blind)
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5. Summary and Outlook
e Difference in I, from black box value:
AP,¢ = (—8.8 £ 1.1(stat) £ 3.8(syst)) 1073 (6)

e Result will reduce error in PDG value by a factor of about 2.
Current PDG value = 1.0027 4+ 0.0079 4 0.0030[6]. Our statistical
error ~ (.001.

e Largest systematic error is due to fringe field depolarization
e Remaining tasks include:

—solenoid field consistency check
—open the black box to obtain the final value for 7§
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