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General derivative free interaction matrix element:

G
M = 47]; > gl <l e >< 7|1, |y, >
y=5,V.T

eu=R,L

g/, are the decay coupling constants

v =8,V,T are the scalar, vector, and tensor interactions

€, w = L, R are the chirality of the electron or muon

SM: all zero coupling constants, except g}, = 1



Physics of ;1 decay asymmetry

e P, is the polarization of the muon, ¢ is the asymmetry in angle of the decay

positrons from normal 1 decay Vu
e Standard Model (V-A) predicts ¢ =1 and P, = —1 == . s
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Measurements and Motivation for P,§

e Direct Measurements:

— P& =1.0027 £ 0.0079 £ 0.0030 (Beltrami et al, PL B194 1987)

— P,&0/p > 0.99682, 90% conf. level (Jodidio et al, PR D34,
PR D37 1986)

e Indirect Measurement (7WZIST p/d PRL 94, 101805 + PRD 71, 071101(R)
(2005)):
0.9960 < P,& < ¢ < 1.0040 at 90% conf. level

e £ and ¢ limit the probability of a right-handed muon decaying into any handed

positron: . . ”
Qp = 5(1 + gf - 5@) (3)

e In Left-Right Symmetric Models, P,¢ sets limit on W /Wg mass (e = (%)2)
and LR mixing parameter ((, = g—fzf) (Herczeg, PR D34)

0059R COSHR
P&~ 1—262—4C92—2 ( @L> — 4e(, eLcos(onrw) (4)




Left-Right Symmetric Model Limits

e Pseudomanifest Left-Right Symmetry
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Locations of Muon Depolarization
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TWIST Detector

, .
@ - Target Foil / Bridge /7 Gas Manifold
|

T B s sy o Manifold Outlet
e 5 S e IS 5 /ﬁ
LR i s e e e e e
Fixed Bumpers y b )
O\ EEE J Tension Rods

il

i

q -

Pneumatic Cylinder

Muon Beam

_— Gas Window

_— Endplate

Brass Annulus 50 40 -30 -20 -10 O 10 20 30 40 50cm \\\ Base Plate
\ \ \ \ \ \ \ \ \ \ \ z Cover Plate




Analysis Strategy
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Spectrum Fits )\ = (p,n, Pué|p ¢s, Pué0)

dl_‘datao“) = dFMC(?“MC) +




Estimating Systematic Uncertainty

e Total systematic uncertainty is:
tot _ } : 90 o
€5y5 — ﬁsz

e sensitivity measurement .5,

scale factor R?;/o;

e exaggerated change introduced R;

RMS change in data o,



Example: {; Systematic Uncertainty

e Sensitivity from fit of spectra from data analyzed with different calibration files:

— to before data collection

— to before with offsets of 10 x (tgegz'n — tend)

Find S; = (8.9 £ 2.3)x10*

Scale factor R;/o; of 10
e Systematic uncertainty in P,&: 0.89 x 107

e Also tried with scale factor of 5 to confirm linearity
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Fringe field depolarization

e Muons depolarized in fringe field of the solenoid
e Estimated three ways:

— muon beam size + divergence from TEC alignment
— variation in P, from TEC characterizations of “same settings”

— variation in Pu from TEC characterizations of nominal runs




Time Expansion Chamber - Muon Beam

e Uncertainty in TEC position of £2 mm and £5 mrad

e Systematic uncertainty in P,§ of 1.5 to 3.5 X 103
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P, from TEC runs of “same settings”

e Large difference in <dy>

e Systematic uncertainty in P,§ of 3.3 x 107*

B2 (Gauss) <x> (cm) <dx> (mrad) <y> (cm) <dy> (mrad) P,j”c

949 0.85 -1.1 0.87 -5.0 0.9955
946.5 0.45 -3.4 0.92 1.8 0.9952
944 0.07 -5.9 0.97 7.0 0.9929
941.5 -0.29 -8.3 1.03 10.0 0.9897
949 0.94 -1.5 0.64 -19.2 0.9922

944 0.06 -6.7 0.73 -11.2 0.9941




Material Dependent Muon Depolarization

e Partly from 2.5 to 5% gas stops (unkn. form), rest from Al (exponential)

e Gaussian or exponential extrapolation?

e Systematic uncertainty in P,¢ is £/2(0.00099) = 1.4 x 1072
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2002 Data: Large Change in P, (Top)
2005 Data: No Change in FP,(Bottom)

2002 Solenoid Field Change Pu(t) from Asymmetry

-0.75

o
o]

-0.85

Pu(t)
o
)

-0.95

© IIII| III|IIII|IIII|IIII|

2 1.96 T data
e 2.00T data
v 2.04 T data

0,008 [

L 1 L
2000

L 1 L
4000

L 1 L
6000

L | L L |
8000 10000
Decay Time(ns)

Solenoid Field Change Data to Data Spectrum Fits

0004

AL

S0.004 [

1.96 TAt02.00T

196 TBt02.00T

204Tto2.00T 196TA+Bto2.04T



Data Set Summary for 7WIST P,¢

Set #

# Runs (2 GB)

Description

30
31
32
33
34
35
36
37
38
39

60
265
120

91

11
368
390
281
303
211

B2=949G, z cent, M1 Trigger
B2=949G, z cent, M Trigger
B2=944G, PC5 Stops

Far Upstream Stops

Far Downstream Stops

2004 Nominal Stops centered
2004 Stops at 3/4 position
High Rate

Aperture In

2004 Stops at 3/4 position

Total

2100 (4.2 TB)

1998 Nominal Runs




Data Set Consistency

e Consistency check (difference from value hidden in simulation)

A P & Corrected
A P& = -0.0065 % 0.0006 (stat)
ol ¥*/NDOF = 3.0/6
-0.005 | | lt
-0.01
-0.015k

stop 1/2—
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P,¢ Refit with Black Box Open

o P& =1.0003 % 0.0006(stat) & 0.00038(syst)

P & from Refit with Blackbox Open

1.01+—
P & = 1.0003+ 0.0006 (stat)
¥*/NDOF = 3.0/6
1.005
| P R S [N SR N S
0.995—

stop 12—
stop 3/4 A~
hi rate
aperture (—
stop 3/4 B~

B2+5G A+B|-
PCS5 stop—



Spectrum Fit Residuals

e Data to simulation spectrum fit residals look reasonable

e Residual from all fits look similar

stop 1/2 residual (Data-Fit)/c
- --- All bins mean=-0.09 ¢=1.09
—— Bins in fiducial mean=-0.026=1.03
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Model Independent Muon Handedness
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Conclusion

o 7WTIST has measured, consistent with standard model:

P, = 1.0003 £ 0.0006 (stat) 4+ 0.0038 (syst)

e Result reduces uncertainty in PDG value by a factor of about 2. Current PDG
value = 1.0027 £ 0.0079 + 0.0030.

e largest systematic error is due to fringe field depolarization

TWIST is funded by NSERC, DOE, Russian Ministry of Finance.
Special thanks to Westgrid computing resources and to the 7WZST collaboration.
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Energy Calibration Correlations
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GEANT Validation

e From fits to two halves of decay positrons from far upstream stops

e Discrepancy in tails in momentum of 4%, and in 6 of 8%

e Overall 5% discrepancy in hard interactions

Upstream muon stops positron A p cos6
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Upstream-Downstream Efficiency

<NDOF>

e Difference of 0.18 NDOF between downstream MC and Data

e MC with 5% downstream inefficiency had 1.8 fewer NDOF

e Fit of normal MC to ineffic. MC change in P,& of (1.9 +0.9) x 10°*

e Systematic unc. due to US/DS Inefficiency is 0.2 x 10~
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