Results of 2 new muon

decay measurement by
TWIST

Robert MacDonald, University of Alberta
for the TWIST collaboratlon
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Muon Decay
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Weak Matrix Element

4G g Z
Z\/i R e S K 66
\/5 el 2 gem<¢

=tk
=S el s |

¥ R P i A 1 it Py, L i
ks s b L e R N
i i by o s Catlrt ] | R LS
i 3 o T

A ICR S L

e g SR TN Lo A e i P o B T L e N e o o s A e e e R R o e S S g g p;"-r
(ot R Kl = e A B e o Sy ey Lo i Tl S f . T S R AT A B T e N o I L

Lay ' stk 3 S THY e £y B Pk e S ol T A o S b G ki gl s * i} s ey
AT o e R, R e ; v AR oF Shmae e R e e




Weak Matrix Element




Weak Matrix Element

AG
T e i




Weak Matrix Element




Weak Matrix Element

A ICR S L

M = 4GF Z gt (Ve

m:L,,R
oy VA B

ey ¥ Y - LP R n
g { e ® i T = e e o
T A R E e A
Gl




Decay ("Michel™) Spectrum
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Decay ("Michel™) Spectrum

ooy > FstaQu Faste{fs st
dx d(cos 0) s A, b

B
0 fo e
Emax
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




Radiative Corrections
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Early Measurements
26 July, 1948 -- Chalk River

The Absorption of Charged Particles from the
2.2-ysec. Meson Decay

E. P, Hivcks avD B. PONTECORYO

Naironal Kesearchk Councel of Canada, Chalk River Laboralory,
Chalk River, Ontorio, Canada

July 26, 1948

\HE energy spectrum of the charged particles (com-
assumed to be electrons)) emitted in the
2.2-usec. meson decay 1s still unknown. Conversi and

Picciont! in 1944 deduced from the relative numbers of
' I i = ' , 1 E i F .




Early Measurements
26 July, 1948 -- Chalk River

The Absorption of Charged Particles from the
2.2-psec, Meson Decay

2} that less than 0.03 count per hour can be due to radiation
from 25-Mev electrons in our arrangement. Consequently,
it may be seen from Table I that ar least a substantial
fraction of the electrons must have a range greater than
15 g/cm? of carbon. Therefore, we conclude that there are
decay electrons having energies greater than 25 Mev and
" therefore that the 2-particle decay process (Eq. (1)), with
a unique energy of about 25 Mev for the decay electron,
_is incompatible with our results.
We observe, howewver, that a maximum energy of about
50 Mev for the decay electrons would be consistent with
the data of Table I.




Early Measurements

26 July, 1948 -- Chalk Pi~- .
April 15, 1949 -- Chicago/Colorado

On the Range of the Electrons in Meson Decay

J. STEINBERGER™
The Institute for Nuclear Study, Unitversity of Chicago, Chicago, fllinots

(Received January 10, 1949)

An experiment has been carried out both at Chicago and on Mt. Evans, Colorado, to determine the
absorption of the electrons emiited in the decay of cosmic-ray mesons. Approximately 3000 counts
have been obtained, using a hydrocarbon as the absorbing material. These datla are used to deduce
some features of the energy spectrum of the decay electrons. The resclution of the apparatus is cal-
culated, t&fcing the geometry, scattering, and radiation into account. The results indicate that the
spectrum is either continuous, from 0 to about 55 Mev with an average energy ~32 Mev or consists
of three or more L{IELI‘EEE energies. No variation of the lifetime with the thickness of the absorber is

STy he experiment, therefore, offers some evidence in favor of the hypothesis that the y-meson

151ntEgI‘ates into 3 light particles.
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We observe, howewver, that a maximum energy of about

50 Mev for the decay electrons would be consistent with
the data of Table 1.




Early Measurements

26 July, 1948 -- Chalk Pi~- .
April 15, 1949 -- Chicago/Colorado
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The TWIST Experiment

TRIUMF Weak Interaction Symmetry lest




Muon Production
and Transport

-

Stopping Target

Production

s | EC:NIMA566 (2006),563



The TWIST Detector

Proportional Target Proportional
Chambers & PCS Chambers
(2 mm, CF4/Iso) l (2 mm, CF4/Iso)
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TWIST Drift Chambers
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The TWIST Solenoid
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TWIST Data Taking is

Complete!
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TWIST Data Taking is

Complete!
I5 November ZOOI 2 November, 2007




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

TWIST P& publication (2006) used 2004 data.
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TWIST Analysis
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TWIST Analysis
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Muon Decay Spectrum
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Energy Calibration
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Resolution from edge shape: Data - MC =5 keV



Blind Analysis
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Blind Analysis

s el ——.

rimental

menta




Blind Analysis
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Blind Analysis

Experimental Geant3
Data Simulation
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Blind Analysis

Experimental : Geant3
Data hidden —¥ Simulation
i PMC, OMC, E.Mc i
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Blind Analysis
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Blind Analysis
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Blind Analysis
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Analysis Analysis
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Spectrum Fitter
d*T
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Spectrum Fitter

d“T
X FIS(x;pv 77) T FAS(£7€7€5)PM cos 0

dx d(cos f)




Spectrum Fitter

d“T
da?d(COSQS) X 13(513»,0777)+ AS($,€,€5) MCOSH
ON

N(Oﬂata) — N(Oéc) = 8—pAp




Spectrum Fit Quality
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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




Verifying our Simulation

II
Muon stops
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Delta-Ray Production Rate

LA ON (- O/o Iy = Ta BN (o oA | Delta rate from US Stops, vs delta boost |
count events with one -
track upstream and two
tracks downstream.

e

N12/N11

tad
N

%/ ndf 1.449/3
Prob 0.694
p0 1.08 + 0.006242
pl ~0.2991 £ 0.00614 |

2.5

® Plot MC count rate vs
retuned delta rate.
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® Compare data count rate | . .
to plot: apparent data 2 - S
rate is 18% high. boost factor
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Determining Systematics

Exaggerated Geant3
Simulation Simulation
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Determining Systematics

Exaggerated °Bremsstrahlung Geant3
) ] eChamber geometry ] ]
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Determining Systematics
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Determining Systematics

Geant3 Geant3
Simulation Simulation
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Determining Systematics

Geant3 Geant3
Simulation Simulation

¢ *Magnetic field ¢
Exaggerated Analysis| *Chamber alignment | Analysis
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Example Systematic:
Delta Rays

® MC delta ray production is (conservatively)
8% too low

® Run simulation with x3 delta rays:
Scale factor is (3-1)/0.18 = | |
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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)
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O: Phys.Rev.D 71,071 101(R) (2005)




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

28



Assumed Drift Cell
Geometry in Analysis

STRs now with asymmetric drift cells
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1/cos(theta), p = 30 MeV/c 1/cos(theta), p = 30 MeV/c

Much better momentum resolution
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Tracking Improvements

Increased drift time map precision and
new hit position algorithm in tracker...

0.2
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Tracking Improvements

...reduces momentum bias,
especially for small angles
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Tracking Improvements

...reduces momentum bias,
especially for small angles
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Increased Fiducial Volume

inr--
30 40
Momentum (MeV/c¢)




Increased Fiducial Volume

RCs

VIomentum (VIEV/T)




Increased Fiducial Volume
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Consistency of Fits

Multiple data sets taken under different conditions

Ap vs set

x* / ndf 3.143/6
Prob 0.7907
<Ap>  .0.008284 + 0.0001714

31 32 33 34 35 36 37 38 39

set number
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Consistency of Fits

Multiple data sets taken under different conditions

‘ Ap vs set \

AO vs set
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Corrections

Ap AD
STR simulation -1.99 £2.92 +1.61 +5.17
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New Measurements




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)




Limits on Right-Handed

Muon Decay
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Left-Right Symmetry

Wp =Wicos¢ + Wasin(
Wr =e"“(—Wysin( + Ws cos ()
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Tests of LRS

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

m(K, — K¢) >1600 reach (P)MLRS
Direct W | >1000 (DO) I s (P)MLRS

searches | >786 (CDF) e b decay

model
PYMLRS

C.ZKI".I <|03 sensitivity (F)

unitarity heavy Vi
B decay >310 | <0.040 both Lol
parameters light Vi

U decay >406 <0.033 model e
(TWIST) (>420) | (<0.022) |independence | " 'R}
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Ongoing Improvements

TH ‘ asured directly
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The TWIST Experiment

New high-precision measurement!
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2004 Muon Beam Profile
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Decay Parameters and
Coupling Constants
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LRS Model Limits

........ Beltrami et al. Pﬂf
-------- Derenzo et al. p

TWIST p
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