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Michel Parameters
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Data Sets

Nominal A - surface muon set with 2T field
Nominal B - surface muon set with 2T field

Low Field - surface muon set with 1.96T field
High Field - surface muon set with 2.04T field
Cloud - cloud muon set with 2T field (only for p)

-Surface sets

High muon polarization (P ~-0.93)
Taken in 2 days

Cloud sets

Low muon polarization (P ,~0.22)
Taken in a few weeks

Each set has ~3x108 events
*Corresponding Monte Carlo generated for each set



Surface and Cloud Muons
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Evaluation of Systematics

Definition: Any effect that is missing from or
inaccurately reproduced by the simulation
resulting in an error in the decay parameter fits

Methodology:

1

2
3.
4

Exaggerate a condition that is a possible source of error
Measure the effect on the decay parameters

Measure or estimate the variance of the condition in data
Scale the effect according to the ratio of the variance to
the exaggeration factor



Systematics List

Positron interactions
Energy smearing

Multiple scattering

‘Hard interactions
-Stopping target thickness
*Material outside detector
Spectrometer alignment
*Translations

‘Rotations

4

‘B field to detector axis
Momentum calibration
Endpoint fits

*Magnetic field reproduction

Chamber response

-DC efficiency

‘PC efficiency

‘Dead zone

‘Long drift time simulation
‘HV variations

- Temperature and pressure
‘Foil bulges

-Crosstalk

*t, variations

Muon beam stability
-Stopping location

‘Beam intensity

Channel magnets



Material in Detector

Issue: The 2002 data run used a graphite coated
target. The uncertainty on the graphite layer is
10um.

Evaluation:

1. Generate Monte Carlo with default 10um graphite
layer on each side

2. Generate second Monte Carlo with 30um layer

3. Fit result of modified Monte Carlo to default result

Systematic effect on p: 0.49x10-3
Systematic effect on & 0.37x10-3



Drift Chamber Rotational Alignment

1. Rotational alignment corrections +/- ¢
are calculated for each plane

2. Data is analyzed with corrections

3. Second set of corrections generated
with random values <Aangle/c> ~ 80

4. Data is reanalyzed with random

corrections
5. One analysis result is fit to the other

Systematic effect on 3: 0.43x10-3



Systematic Effect gg?ﬁa (l)r_lgl [ggcése r(tla (;I_lg]
Chamber response 51 56
Stopping target thickness 49 37
Positron interactions 46 55
Spectrometer alignment 22 61
Momentum calibration 20 29
Radiative corrections (theory) 20 10
Track selection algorithm 11 non-issue
Muon beam stability 04 10
Upstream/Downstream efficiencies | non-1ssue 04




Data Set Fits for p

Data set 0 2
Set A 0.75134 +/- 0.00083 +/- 0.00053 1814
Set B 0.74937 +/- 0.00066 +/- 0.00053 1965
196T 0.75027 +/- 0.00065 +/- 0.00055 1951
2.04T 0.75248 +/- 0.00070 +/- 0.00060 1804
Cloud 0.75157 +/- 0.00076 +/- 0.00053 1993
0.754C (1887 degrees
- of freedom)
0.752- | I
a 0.75- | | I
- I
0.748-
0.746—

| | | | |
Nominal A Nominal B Low Field High Field Cloud
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Data Set Fits for d

Data set d 2

Set A 0.75087 +/- 0.00156 +/- 0.00073 1924
Set B 0.74979 +/- 0.00124 +/- 0.00055 1880
196T 0.74918 +/- 0.00124 +/- 0.00069 1987
2.04T 0.74908 +/- 0.00132 +/- 0.00065 1947

0.754— (1887 degrees

- of freedom)
0.752 - |
w  0.75- | I | |
0.7481 | |
0.746 -

| |
Nominal A Nominal B Low Field High Field
Data Set



TWIST Results

0 = 0.75080 % 0.00032(stat.) + 0.00093(sysz.)  0.00023"

(*Uncertainty due to uncertainty in n)

0 =0.74964 + 0.00066(stat.) + 0.00112(syst.)

Parameter P )
TWIST 0.7508 +/- 0.0010 | 0.7496 +/- 0.0013
PDG 0.7518 +/- 0.0026 | 0.7486 +/- 0.0038

Standard Model

0.7500

0.7500




Left-right Symmetric Model Limits

(: Wi - W mixing angle
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General Right-handed interactions

The relative probability for a right-handed muon to
decay into an electron
s L s v v P T |2
O = A/ 8LR| T 8RR T|8LR| T|8RR 38R

in terms of Michel parameters (90% confidence limits)

Ok = 1{1 + lf — 16{5} —> Q¥ < 0.00184
2 3 9
and
g°:l < 0.086
9"l <0.025
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Extra Slides

The following are slides from recent
talks that I will have with me.
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General Description of Muon Decay

/J+ R €+Ve|7,u
4G
T;Z: ée Fy‘(Ve )><(I7,U),u‘ry ‘,u H >
W v e
W +

. U
g'., - coupling constant

v - Interaction, I'>(scalar), I'V(vector, I''(tensor)
e, - Positron handedness (L,R)



Michel Parameters

2
ol 0 Jx* = x? [F]S (x, +cos 6P, F 45 (x@)]+ R.C.

dxdcos @
Frs = (x - x2)+ 3@(4)62 —3x - x02)+@x0 (1-x)
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Long Drift Times

Issue: Inaccuracies in the simulation of
efficiencies and drift times in corners of
cells

Evaluation:

1. Remove long drift time hits from both data and Monte
Carlo

2. Fit data to Monte Carlo to determine decay
parameters

3. Observe shift in parameters from standard fit

Systematic effect on p: 0.48x10-3



Intermediate and Hard Interactions
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Reconstructed

vs.|p for dp <1MeV /c and > 1MeV /¢
Thrown

Intermediate interactions => 0.30% change in yield over fiducial
Hard interactions => 0.37% change in yield over fiducial

Change in yield due to Ap => Ap factor is 0.68

Scaling from validation of GEANT3 simulation:

Intermediate interactions validated to 5%

Hard interactions validated to 14%

Systematic effect on p: 0.45x10-3



Detector Response and Fit Residuals
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Monte Carlo (GEANT3) Verification

Take data under special conditions

Generate Monte Carlo under same conditions
Analyze with same software

Verify that effects are the same

Hwn =

Verification studies

Material outside detector

Hits per plane

*Muon stopping position

*Cross-section for secondary particle production
‘Energy loss

*Multiple scattering



Far Upstream Stops

] |
C . TargetFoil - Brdge . Gas Manifold

Manifold Cutlet

\\\\\\\\\\\

SR Tension Rods

LI %M»

A Vi BB NP OT NIRRT ﬂ.
s :Iﬁﬂ oo B 1 .{Zk_';'\_p.-?lﬁ_f;hj;_ __a;_:ﬂ*: riﬁ m‘m i-*‘a moE bl S

S a,mml.ada ‘t- _
PP = JTW—

Prieumatic Cylinder

E

diin
Mﬁv&"‘ - Gas Window

Endplate

2

-%'m % 2wk ig . 5‘5 & iR sti r&n ijh egn d sur,rt s*;q @m nﬁ: S | Z Z F
—dM‘R‘— '_-ﬂ Ia-l vm ! wnl ﬁ.ﬁ l! @ '3!@ "m,é‘ é E vn‘; ‘lw @W n'w %% \ 2 - é—;J |—r:
. LRI EGI, ;qi ' 5 B r

q.

VI1’.FIffllf/lffl/l/lin—rm—v’flffl/!’ I,r'l EXF PR Ty 7 e g PP T P R P

Brass Annulus  © 50 -40 30 20 16 O 10 20 30 40 50cm . — BasePlate
| | | | | = ; — CoverPlate



Momentum Difference (MeV/c)

Energy Loss and Multiple Scattering
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Decay positrons from far upstream stops traverse entire
detector

Decays are fit upstream and downstream separately
Energy loss and scattering are derived from the
differences
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Upstream Sparse Stack Stops
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Stopping distribution spread over several DC's rather
than concentrated in dense target



Muon Stopping Distribution

1.  Muons are stopped
upstream of the target
in data and Monte
Carlo

2. Distribution is spread
over several thin DC's

3. Shapes are compared
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TWIST Future

‘Data has been taken for P & with statistical
precision of a part in 103

‘Data has been taken for p with statistical
precision of parts in 10

Ultimate TWIST goals
*Measurement of p, 8 and P £ with a precision of
a few parts in 104



