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Weak Matrix Element
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Decay (“Michel”) Spectrum

Michel, Kinoshita & Sirlin

d°T
dx d(cos 0) < Frs(@; p,m) + Fas (3 luf COS
_ b Pe
O _——




Decay (“Michel”) Spectrum

Michel, Kinoshita & Sirlin
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P, O, & are bilinear combinations of g¥em

Pre-TWIST SM
p 0.7518 £ 0.0026 0.75
n -0.007 £ 0.013 0

Pue  1.0027 + 0.0085 I
0 0.7486 + 0.0038 0.75

Today’s results: new p and 0




The TWIST Experiment

TRIUMF Weak Interaction Symmetry Test
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The TWIST Detector

Low mass, symmetric, high-precision construction
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TWIST Data Taking is

Complete!
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TWIST Data Taking is

Complete!
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TWIST p and 0 publications (2005) used 2002 data.

TWIST P,& publication (2006) used 2004 data.

Todays P and 6 measurements
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Blind Analysis
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Blind Analysis
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Blind Analysis
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Blind Analysis
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Verifying our Simulation

Specialized data, reproduced in simulation
=) independent of Michel parameters
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Determining Systematics

Exaggerated Geant3
Simulation Simulation
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Determining Systematics

Exaggerated °Bremsstrahlung Geant3
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Determining Systematics
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Determining Systematics

Geant3 Geant3
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Determining Systematics

Geant3 Geant3
Simulation Simulation

¢ *Magnetic field ¢
Exaggerated Analysis| *Chamber alignment | Analysis
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Units Of 0.000] Publipshed NBW Pub|i6$hed Ngw
Chamber response 5.1 29 6.1 212
Target thickness 4.9 <0:1 3.7 <01
Positron interactions 4.6 |.6 5.5 0.9
UV 22 LSl 6.1 Ll
Momentum calibration | 2.0 2.9 2.9 4.1
Radiative corrections | 2.0 | <-0.l 1.0 | <O.l
Other |.2 |1 .1 0.4
Total 9.2 | 4.6 | 11.3] 6.7

P: Phys.Rev. Lett. 94, 101805 (2005)

|4

O: Phys.Rev.D 71,071 101(R) (2005)




Highlights of Improvements

online monitoring,

Chamber response | . : .
increased instrumentation

Target thickness | precision target geometry |

improved upstream stops

Positron interactions
data

Momentum New calibration technique;
calibration uncertainty is statistical
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New Measurements

Pre-TWIST: 0.7518 + 0.0026
TWIST published: 0.75080+ 0.00032(stat)+ 0.00097(sys)

NEW (preliminary): 0.750144£ 0.0001 7(stat)+ 0.00046(sys)
i + 0.0001 I (n)




Weak Coupling| pre-TWIST Gagliardi* Current
|g°RR] < 0.066 < 0.067 < 0.063
|g5LR| <0.125 < 0.088 < 0.076
|g°RL| <0424 <0417 <04l5
gL < 0.550 < 0.550 < 03550
|g"RR] < 0.033 < 0.034 < 0.032
1g¥LR] <0.066 | <0.036 | <0.027
g'RL <0.110 <0.104 < 0.105
gVLL > 0.960 > 0.960 > 0.960
gl =0 =0 =0
|gTLR| < 0.036 < 0.025 < 0.022
gRL] <0.112 <0.104 <0.104
8RR =1 =0 =0

90% Confidence Limits

_ *Phys. Rev. D 72, 073002 (2005)




The TWIST Experiment

New high-precision measurement!
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Decay Parameters and
Coupling Constants
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Spectrum Fitter
d*T

x Frs(z;p,n) + Fas(x;0) P8 cos 6

dx d(cos 6)




Spectrum Fitter

d“T
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Spectrum Fitter
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Spectrum Fit Quality

b 10 20 30 40 50 D 20 30 40 5
Momentum (MeV/c) Momentum (MeV/c)



Spectrum Fit Quality

Fit residuals, momentum projection

73.101/ 61
0.138
Constant 98.151+ 2.533
5 Mean -0.006 + 0.020
Sigma 0.974+ 0.016 B2 llsll| ;
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Parameter Sensitivity

FuHSPectrum(noRCs
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Improvements to Systematics

online monitoring,

Chamber response . : :
increased instrumentation

Target thickness precision target geometry

Positron interactions | improved upstream stops data

improved techniques, better

Alignment . o
understanding of uncertainties

new calibration techniques,

Momentum calibration s i
uncertainty is statistical

higher-order corrections,

Radiative corrections i .
uncertainty tested directly

26



Limits on Right-Handed

Muon Decay
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Current: Qs < 0.006




Left-Right Symmetry

Wp =Wicos¢ + Wasin(
Wr =e"“(—Wysin( + Ws cos ()
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Current: |(,| < 0.022




