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Muon decay matrix element

In the SM only vector couplings of left handed to left handed fermions are
allowed.
To search for new physics start with a general interaction matrix

Local.

Derivative free.

Lorentz-invariant.

L epton number conserving.

e,n~R,L
Fetscher, Gerber and Johnson. Phys Rev B 173 (102), 1986.
G =1
SV, T = scadar, vector or tensor interactions Q= gm
R, L =right and left handed leptons 1
G =—=s" @79 - 9’9"
J2 2[
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The coupling constants

In the SM only vector couplings of left handed to |eft handed fermions are

alowed.
9RR | = O gpR |= 0 ghe |° O
90k |= O 9{R |=0 g[R‘=o
9|§|_ =0 g\F/QL =0 gEL‘=O
9L |=0 oy |=1 gl |0
PDG limits on the coupling constants.
g 5- | < 0.066 g | < 0.033 0% | 0
gER < 0.125 g\IfR < 0.060 g[R < 0.036
g5 |<0.424 gYy |<0.110 gL |<o0.122
g5 |<0.55 g), |> 0.9 o, | o
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Differential decay rate

Calculate the muon decay rate differential in energy and angle
Start with the general form. _ _ _ _
Parametrize using the Michel parameters,  1SOLropiC anisotropic

/ /
ZG m,,
ddeCOS.] = 4p3W:/7‘G|2:\/X2- Xé{-l- PnpOSJ
Fis00 = X0 X+ 2 p (42~ 3% 50 +1 xoll- 9 {F S (x
FAs(X):%X X2' Xg 1- X+§8 (4X- 3+(1/1- X(%' +

W = (m2,+ m2) X = Ee/W em /
em 2m m Xo = Me/W em g >
Radiative corrections Sm
June 9, 2005 Maher Quraan 7




The MPs & the coupling constants

r= j - j g\l_/Rz + g\léLz + 29[R2 + ZQELZ + Re(QEQe’LgK + QERQEEQ)
Xd = j' j Q\L/R2 + 9\|4L2 + 4ﬁJIRZ + ZQELZ + ZQKRZ @Mg
+7o% +/o% +Relg% o - ofkalx) ' :g
g="

X =1- ;gng + ;EJERZ + 29\F/QR2 + 49¥L2 - 29\L/R2 X:f
- ZQIRZ "‘SQELZ"‘ 4Re(9§L9K - QERQL*Q)] h=0
= Relol 0% + ot 0%k + 60lk )+ alaloR + 60 )+ ofwt
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Model-independent physics

Define decay probabilities according

to handedness ORR =%‘Q§R‘2 *|ok
P Q QLR :%‘QER‘Z +‘9\IZR‘ +%9-II:R‘2
mn
mn=L,R QRL :%‘ggL‘ZJr‘g\F/*L‘ZJr#gEL‘Z
Fetscher, Gerber and Johnson, 1 2 2
Phys Rev Lett B 173 (102), 198\ QLL*= Z‘gﬁ_‘ +‘9\|f|_‘

Decay of aright-handed mnto N 1
. n B B
aright-handed or left-handed e QR =Q +Q = B 1+ =x- — xd

Can be written in terms of

dand x (°73)

v\by the standard model

A determination of dand x gives a model -independent test for
the existence of right-handed couplings to muons, i.e. QR1 0
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L eft-right symmetric models

Standard M odel

W, & W, mix to form the mass
eigenstates W, & W,

Mixing angle Z is small.

+

e

=+

(w:

)

y

\

M, > M since left handed couplings

are dominant at low energies.

The mass and mixing angles are sensitiveto 7/ and x
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L eft-right symmetric models

W &Wr

1=W cosz-\\/gsinz
>=\W snz +\\/ gcosz

W].»WL &W2 »WR

_31.9,2 /MRS 3 q_9_2
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The beamline

Surface nt beam
Mono-energetic (P=29.7 MeV/c).
Highly polarized. h=-1 h

concrete shiekding

M13 beam line

......
\\\\\\

‘production target

1
| proten beam
v
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The detector

Beam pipe

nT beam stops at the centre.

Superconducting magnet and cryostat

Support cradle
Prop. and drift chamber
Target

Detector is highly symmetric.

Chambers sit inside a highly
uniform MRI magnet.

Drift chambers used to track
decay €.

= =— Yoke

Trigger provided by athin
upstream scintillator.

fine-tuned using a variable
CO,:He gas degrader.

The 2 tedlafield isunifor
to 4x 103, mapped to
precision of 5x10°.
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The detector

C R T Wl H T

56 chambers: 44 DC pI anes & 12 PC planes.

41._: |7 .
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Chamber performance

High precision
Longitudinal plane positions accurate to 5x10° by engineering.
Measured wire positionsyield S=3.3mm

Transverse positions cal culated to an accuracy of 5 mm using 120 MeV/c pions.

High resolution
High alignment precision.
Choice of gas

DME: slow gas, high ionization density, low Lorentz angle.

High efficiency.
No hot or dead wires throughout 2002 data taking!
Efficiency >99.9% at 1900V .
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Track reconstruction

Fun 3293 Evenl 10, Window

Pattern recognition
Group hitsin time using
PC timing info.
Classify tracks according
to hit patterns.

Must recognize beam
positron tracks, delta

tracks, backscattering,
etc.

Track fitting Top Right Z-U

Perform a crude fit using
wire centres,

Refine fit using drift time

and take into account MSE AN Y B
field non-uniformities, II g "
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Spectrum reconstruction

Reconstruct decay positron energy and 407
9000
angle ) ) soooé
Apply (unbiased) cuts on muon variables. oo
Reject fast decays and backgrounds. s000E
Calibrate positron momentum spectrum at . F
the endpoint (~52.8 MeV/c). 3000F-
10005:

4.8x107tracks __— R
25000 000

5000

4000

3000

1 2000

1000

- IIII|IIII|IIII|I\I\|\I\I‘IIII|III

08 06 -04 02 0 02 04 06 08
cos(0)
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The TWIST Monte Carlo

TWIST relies on GEANT 3 to simulate detector acceptance
Data spectrum fitted to MC spectrum.

Monte Carlo includes elaborate detail s

GEANT3 geometry contains virtually all detector components.
Simulate detector response in detail (ionization clusters).
Realistic, measured beam profile and divergence.

Extra muon and beam positron contamination included.
Output into digitized format, identical to real data.

Monte Carlo verified using real data
See contributed talk by Robert MacDonald on Wednesday, 12:00pm (CEME 1202).

"Evaluation and ssmulation of the response function in the TWIST experiment”
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Energy calibrations

For a planar detector energy lossislinear in 1/cos(q).

R .
=, P )

P,=52.828 MeV/c a, b arefitting parameters

a corrects for energy loss.

b corrects for a possible magnetic field shift.
b=0 if field is known accurately.

June 9, 2005
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Extracting the Michel parameters

The decay spectrum islinear in D derlvatlve
r, h, x, xd. 1
First order expansion is exact.

N/ w0/ )0
where
/| =[r.hxxd|

1 derivative |

DI arethefitting parameters

Use standard mode! values (I ;) to
generate the MC spectrum.

I mc _I SM*
Dl arethe deviations from the SM.

June 9, 2005 Maher Quraan 21



Theblind analysis

Use hidden values (| me) to generate the MC spectrum
Dl arethe deviations from hidden values.

Complete data analysis and fit before opening the box.

Complete systematic evaluations before opening the box.
1

=
~J
3)]

Value of p
o
n
IIII|IIII|IIII|IIII

o
N
o 3

R T R S SR
1950 1955 1960 1965 1970
Year
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Fit quality and fiducial region

High fit quality.
Normalized residuals ~1.

Conservative fiducial region.
p<50MeVl/c.
0.50 < |cosg | < 0.84.
Ip,| > 13.7 MeV/c.
pr <38.5MeV/c.

Jne 9. 2005 Maher Oiiraan 23
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Evaluating the systematics

Data sets acquired for systematic evaluations

Fit datato dataand MC to MC

to evaluate systematic effects B=19tesa
B=204tesa
DC HV lowered
PC HV lowered
n

ni(/mc) - ni(/ mc)"'—D/ Muon stopped slightly upstream
Muon stopped slightly downstream

— ' ﬂni Al dlab inserted downstream
) n. / data | T D/
Plastic dab inserted downstream
Beam flux rate doubled
Beam flux rate cut in half
Bending magnet field increased by 10G
Bending magnet field decreased by 10G

Channel momentum tuned for non-surface (cloud)
muons
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Summary of the systematics

Systematic effect Systematic effect

s s 0
Chamber response (ave) 0.51 Spectrometer alignment 0.61
Stopping target thickness 0.49 Chamber response (ave) 0.56
Positron interactions 0.46 Positron interactions 0.55
Spectrometer alignment 0.22 Stopping target thickness 0.37
Momentum calibration (ave) 0.20 Momentum calibration (ave) 0.29
Theoretical radiative corrections 0.20 Muon beam stability 0.10
Track selection algorithm 0.11 Theoretical radiative corrections 0.10
Muon beam stability (ave) 0.04 Up & down efficiencies 0.04
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Thanks to WestGrid!
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TWI ST resultsfor r and ¢

TWIST resultsfor r
A factor of 2.5 improvement over PDG value.

r + + + h

Musser et. al. Phys. Rev. Lett. 94, 101805 (2005)

TWIST resultsfor d
A factor of 2.9 improvement over PDG value.

d + +
Gaponenko et. al.,Phys. Rev. D 71, 071101(R) (2005)

Results in agreement with the Standard Model
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Right-handed currents

Right handed currents
m. 1 16 , 1 & I
£=1- - = <0.00184
R © P g9 3 x
1 16 1
=— 1- xalr)r —- —
2 Pm( ) 9 3d
Use g..|<0.125
TwisTr, d. 9| <0.060
P, xdr
.
g’ |<0.036

Model-independent result
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TWI ST resultsfor x

Indirect results for X.

Use:
TWIST I, d.
P, xdr
Qm.> 0.

A factor of >3 improvement over
previous result

[ PDG
Prr?( _ X ] TWIST current
[0 TWIST anticipated

Direct measurement of Pnx.
See contributed talk by Blair Jamieson on Monday, 3:00pm (CEME 1202).

“Status of the TWIST Measurement of the muon decay asymmetry”
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Limits on left-right symmetric models

oo  CDF PDG P, X

B POGP xr/d
TWIST anticipated

Limits are from high precision muon decay experiments, nuclear b decay,
and high energy experiments

Different types of experiments are complementary.
b decay experiments subject to theoretical uncertainties.
High energy experiments place limits only on W mass.

June B/2008 decay offers a clean systavranet thutaanits on mass and mixing angle. 32



EXxotic particle searches

Monday, 7:00pm poster & beer session: Ryan Bayes
"A Search for Rare Decaysin the TWIST Muon Decay Spectrum'
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Summary & conclusions

TWIST has been able to improve substantially on the measurement of the
Michel parametersr and d.

First successful improvement onr in over 30 years.
First successful improvement on din over 20 years.

Several factors allowed this improvement to happen.
A highly polarized high flux stable beam from TRIUMF.
A high precision, high efficiency, low mass detector.
A planar detector geometry allowing precise energy calibrations.
The availability of WestGrid allowing evaluation of the systematics.

All results are in agreement with the standard model predictions.

The values of r and d agree with the Standard Model values.
No evidence for right handed currents.

Improved limits on mass and mixing angle of W, compared to muon decay
experiments.

The TWIST results are particularly important due to the use of blind analysis.
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