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More by James Bueno, next talk.  , [EC:NIM A566 (2006), 563



The TWIST Experiment

TRIUMF Weak Interaction Symmetry Test

PIanarﬁDrift Chambers




The TWIST Detector

Low mass, symmetric, high-precision construction
Target

Proportional Proportional

Chambers & PCS Chambers
(2 mm, CF4/Iso) (2 mm, CF4/Iso)
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TWIST Drift Chambers
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The TWIST Solen0|d
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Data taking:

start to finish
|5 November, OOI 2 November, 2007




Phases of TWIST

® First physics results

® p and O from 2002 data,
P.& from 2004 data

® |ntermediate physics res

ke~ B = 3 &

ults (this work)
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TWIST Analysis

Particle ID using space & .
] L ) Track reconstruction:
time distributions of hits. . :
first using wire centres,
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Muon Decay Spectrum

Endpoint
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Energy Calibration
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Blind Analysis




Blind Analysis .3

Experimental

Data hidden /Simulation
i PMc, OMG, EMC i
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by WestGrid ; PMC, OMC, EMC



Spectrum Fitter
d’T

dz d(cos 6;) < Frs(z; p,n) + Fas(z; §) 8 psdk 0

N(&Data) =
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Spectrum Fit Quality

(Data-Fit )/sigma | Fit residuals, momentum projection

Distribution of 2D residuals  |x*/ ndf 73.101/ 61
Prob 0.138

Constant  98.151 + 2,533

| Mean -0.006 + 0.020

..} Sigma 0.974 1 0.016
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Verifying our Simulation

Specialized data, reproduced in simulation
— independent of Michel parameters

| | | | e
most scattering & energy
Muon stops  loss oceur in the target
~ here ecay positre

b 4 " B "'

{ m

ﬁt' track

downstream

fit 'traci<

:




(A p)(cosb)

Data
10* : MC

10* Logarithmic

Change in Momentum (MeV/c)
Energy Loss

(A p)(cosb)

50000

40000 e

30000 , .
- Linear
20000

10000

g
. ~r
O’Ymnmnu”“”u“

0.4
Change in Momentum (MeV/c)

>
5
>
%

Change in Angle (radians)




Determining Systematics

Exﬁ'ggmm} d *Bremsstrahlung
, , © eChamber geometry ,Geant,3
Simulation , Simulation

i *Magnetic field i
ExaggebntdygsAnalysis' *Chamber alignment | Analysis

Spectrum
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First This First This

Units of 0.0001 | ryisrp| p |Twists| ©
Chamber response 5.1 2.9 6.1 5.2
Target thickness 49 | <O0.] 3.7 | <O0.]
Positron interactions 4.6 |.6 55 0.9
PR— I e .
Momentum calibration | 2.0 2.9 2.9 4.1
Radiative corrections | 2.0 | <O.I 1.0 | <O.I
Other |.2 .1 .1 0.4
Total 92 4.6 BRIESN 6.7

First p: Phys. Rev. Lett. 94, 101805 (2005)  First &: Phys. Rev.D 71,071101(R) (2005)



Highlights of Improvements

Target thickness precision target geometry

improved upstream stops

Positron interactions
data

Momentum New calibration technique;
calibration uncertainty is statistical
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The Intermediate
TWIST Results

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

This work: 0.75014%:0.00017(stat)+ 0.00046(sys)
+0.0001 1(n)




The TWIST Experiment

Strong limit on weak physics!
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Radiative Corrections
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exact electron mass

O(0t?): Leading-Order (LO)
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Early Measurements
April 15, 1949
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F1G. 9. The decay electron spectrum in this figure has been
calculated to give as good a fit as possible with the data, at
the same_time exchiding encreies oreater than 55 Moy The

timits of error of this spectrum are unknown, but large,




Parameter Sensitivity
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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 . b
understanding of uncertainties

new calibration techniques,

Momentum calibration o o
uncertainty is statistical

higher-order corrections,

Radiative corrections ; .
uncertainty tested directly
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Weak Coupling| pre-TWIST Gagliardi* This Work
|8°RR| < 0.066 < 0.067 < 0.063
|g5LR| <0.125 < 0.088 < 0.076
g°R | < 0.424 <0417 <0415
g5 < (0.550 < 0.550 < 0.550
|gVRR| < 0.033 < 0.034 < 0.032
|gYLR] < 0.066 < 0.036 < 0.027
gVRL <0.110 < 0.104 < 0.104
gVLL > 0.960 > 0.960 > 0.960
gL =0 =0 =0
|gTLR| < 0.036 < 0.025 < 0.022
|g"RL| <0.112 <0.104 <0.104
|g"RR| =0 =0 =0

90% Confidence Limits

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




Limits on Right-Handed
Muon Decay

log 1l s
R = Z‘gLR‘2+Z‘gRR|2

+ 97 r” + l9kr)” + 3lLrI7

Current: 'z < 0.006




Left-Right Symmetry

Wp =Wicos¢ + Wasing
Wgr=e“(—Wisin{ + W5 cos ()

Jgr 1 4
— | — — B oy P
Cg.,._QL,C _ \/2( 3p,)

Current: |(,| < 0.022



Tests of LRS

Observable |m, (GeV/c2)| |T| + _

m(K, — K¢) >1600 reach (PYMLRS
Direct Wy | >1000 (DO) | - (PYMLRS

searches | >786 (CDF) S LSS decay

model
ot <|0-3 sensitivity LA
unitarity heavy vy
B decay >310 | <0.040 ) AT
parameters light Vg

M decay >406 <0.033 model lioht v
(TWIST) (>420) | (<0.022) |independence | """ 'R
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