w/ST. Precision Measurement of
the Muon Decay Parameters

*Muon Decay and the Weak Interaction
*7W/ST experiment




Muon Decay
Weak Matrix Element




Decay ("Michel”) Spectrum

Michel, Kinoshita & Sirlin
x Frs(z{p,n)H Fas(xt )P, Jcos b

o E
- Ema}{ /'—>

P, n, 0, € are bilinear combinations of g<em

d*T
dx d(cos )

Old results SM

P 0.7518 + 0.0026 0.75
N -0.007 £ 0.013 0
Puc  1.0027 £ 0.0085 1

O 0.7486 + 0.0038 0.75
7W/S7 results: new p, 0, and Py¢




Muon Production and Transport

Stopping Target

7

Production
TEgZ: NIM A566 (2006), 563




The Experiment
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‘Blind” Analysis

Experimental | Geant3
D hidden Simulati
ata —¥ Slmuiation
1 omc, Omc, Emc 1
Analysis Analysis

Uy 1y 2,

e revealed

pMC,aMC’&MC




For example: “upstream stops”:

Eloss/

“ | | Scattering
Muon stops | in target
. Jdecay posl reproduced
by MC?

T IMITH MY

fit track fit track

T




T TTTTIm

o
=

(4 p)(cosd)

ot

° Data
» MC

Linear

,,,,,,,,,, f

Linear
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. -0.04 -0.02 0 0.02 0.04
Change in Momentum (MeV/c) Change in Angle (radians)




Determining Systematics

*Bremsstrahlung
exaggerated *Chamber geometry MC or Data
MC or Data -
1 *Magnetic field 1

*Chamber alignment
Exaggerated Analysis - Analysis




Systematic Uncertainties

units of 104 P 0 P
Chamber response 2.9 5.2 10
Positron interactions 1.6 0.9 3

Alignment 0.3 0.3 3




Pre

Summary of results

0.7475 0.75 0.7525
Derenzo, ‘69 | ' |
Musser, ‘05 I|:-:| P.R.L. 94, 101805 (2005)
MacDonald, ‘08 [ I |
Final TWIST goals []
— | Balke, ‘88
Gaponenko, ‘05 [N ] PR.D 71, 071101(R) (2005)
MacDonald, ‘08 I
Final TWIST goals L
0.995 1.000 1.005
Beltrami ‘87 E.—j
Jamieson ‘06 | _ | P.R.D 74, 072007 (2006)
Final TWIST goals ]

TWIST goal: reduce uncertainties by factor of 10



Improvements for the
final data and analysis

Stopping target

both Al and Ag

Beam tuning

reduced depolarization

Positron interactions

better&more calibration data

Chamber response

space-time relations
determined from data

Momentum calibration

new calibration techniques,
uncertainty Is statistical

Increased Statistics

both data and simulation




Global Analysis of Muon Data

4G g i . , ,_
)ﬂ/f — \/5 Z g :l??}' <T-'L'Er. }Fh }:{Z}yn > <{‘J-{"'r L FH- ri.-"lll’}j'-ii-rﬂ. >
e=L.R
m=L,R
k=S,V.,T
pre-TWIST |Gagliardi et. al.*|MacDonald '08

|9°LR] <0.125 < 0.088 <0.076
IgVLR] < 0.066 < 0.036 < 0.027
19"LR| < 0.036 < 0.025 < 0.022

90% Confidence Limits

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




Limits on Right-Handed
Muon Decay

1 1
Q% = |9 r|E+ =l9rrl®

Current: Q'; < 0.0024



Left-Right Symmetry

Wi, = Wicos¢ + Wasin( _|gn :\/1(1_%)
Wr = € (—Wisin( + Wy cos() & 2\ 3
Pre-7w/sT. ¢, < 0.066
7w/ST Published: ¢l < 0.028
Current: ¢y < 0.022

Approximate direct
mass limit from DO
and CDF (model
dependent)

" 200 400 600 800 1000 1200
(9, /9x)m, (GeV/c?




Summary

w77 has measured full mu+ decay spectrum to extract Michel
parameters

L atest results with no evidence for new physics, but new limits

.p = 0.75014 + 0.00017(stat) + 0.00046(sys) + 0.00011(n)




The 7w/57 Collaboration
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