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TWI ST will test the standard model predictions for the weak interaction by
measuring the energy and angular distribution of e* from the decay of
polarized 1
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Muon decay rate

2] [F°=
v =y
— V /77 y _
rate 2 9ij <lﬂei B ‘wVe><wVﬂ‘ry‘w,uj> rTzlaﬂv

=SV, T NG

1,]=R,L i
=_ - M - U
» SV,T = scalar, vector or tensor interactions 2./2 (v yv yv V")

* R L =right and left handed leptons

* I n the standard model only vector couplings of left-handed to left-handed fermions are all owed:

gRR = 0 grR = O kR |= 0
giR|= 0 g'r|=0 gir|=0
gRL|=0 gRL|= 0 gRL |= 0
gL [= 0 gL |=1 giL|=0
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Current limits on the coupling constants
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Deviations from V-A structure are possible. Need more sensitive searches!

TWIST will improve the coupling constants precision by a factor of
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The muon decay parameters & the coupling constants
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The muon decay parameters & the spectrum shape
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Nxﬂ'
Spectral shape in X, cosd, is characterized in terms of four _ Ee
parameters-- p, 77, ¢, 0. P isthe muon polarization X = £ max
€
(L. Michel, A. Sirlin)
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TWIST will measure p, &, oin two phases
102 in 2004 & fewx10“in 2005/6
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Coupling to right-handed muons...

rate~ > Q
m,n=L,R m

Qrr = Qrr T QLR = igF%RZ + ‘g\F/QR‘Z + iQERZ + ‘g\l_/R‘Z + #QIR‘Z

= (0 by the standard model

QmR describes decay of aright-handed x into aright-handed or |eft-handed e*

QmR can bewritteninterms of dand &

1 1_. 16
=—|1+=¢-—&0
OmR 2( "3T9 Ej
A determination of dand ¢ gives a model-independent test for

the existence of right-handed couplings to muons, i.e., Qmr # 0
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Anticipated TWIST sensitivity to right-handed currents
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Beyond the standard model

* Inthe SM there are two (weak) charged-current vector bosons
+ +
W=(W)
* |n some extensionsto the SM one has left-handed as well as right-handed vector bosons
+ +
WE & Wi
e W, & Wy mix to form the mass eigenstates W, & W,
W =W cosé -WrsIné
WH, =W siné +Wg cosé

— Mixing angle & is small
— W, >W, since left handed couplings are dominant at low energies.

W]_:WL & WZ:WR
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Anticipated TWIST sensitivity to left-right mixing
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The beamline

* The TRIUMF beamline delivers highly polarized “ surface muons” .
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The spectrometer

» The TWI ST detector isa set of high precision, low mass chambers sitting in a superconducting magnet.

Superconducting magnet and
crvostat

Prop. & drift chambers

Support cradle

Target
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Cital (ceramic)
Glass
+— VTX Preamplifiers

Only the right half of the
chamber stack is shown
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The spectrometer
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TWIST statistics and systematics

e TWIST can accumulate ~10° muon decay eventsin two weeks.
e  TWIST is systematics limited.

Data sets acquired

e 1n2002-03, ~6 x 10° muon decay events on tape. Standard data sets
* Needalot of computer power (thanks to WestGrid —1008 CPUS)! B =19 teda
e Longlist of systematic effects to investigate! B =204teda
DCHV lowered
Systematic Sample systematic studies (data & MC) PC HV lowered
Chamber response Change high voltage from standard. Muon stopped slightly upstream
Chamber alignment & Randomi ze plane positionsin MC. Muon stopped slightly downstream
geometry Al dab inserted downstream
Beam tune Change beam tune from standard (data & MC). Plastic slab inserted downstream
Solenoidal field effects Change magnetic field from standard (data & Beam flux rate doubled
M©). Beam flux rate cut in half
: o I
gEA[\IT physics and MANY GEANT validation studies! Bending magnet field increased by
epping 10G
Polarization Use non-surface (cloud) muons. Bending magnet field decr by
Muon stopping Stop muons off centre (data & MC). 10G
2lEUlEn Channel momentum tuned for non-
Code biases MANY code validation studies! surface (cloud) muons
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Evaluating systematic errors. data to data

Accelerator data @e p— Chang}
Base set \

Event Analysis

» Event classification (31 types)
e Helix fit to events within fiducial volume

 Extract e momentum and angle spectrum
In bins of x and cosé,

/
Base set »‘4
spectrum
Ap, An, Ad, A&
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Evaluating systematic errors:. MC to MC

ée par ameter chang} M onte Carlo data
Test sat

Event Analysis

» Event classification (31 types)

In bins of x and cosé,

e Helix fit to events within fiducia volume

 Extract e momentum and angle spectrum

T~

Test set

Ap, An, AES JAYS
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Final result
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Monte Carlo data
are generated

/

Event Analysis

» Event classification (31 types)

e Helix fit to events within fiducia volume

 Extract e momentum and angle spectrum
In bins of x and cosé,

T~

Monte Carlo

@

Ap, An, A, A¢
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e 2004 program:

* Publish measurement of p, dat 10 in 2004.
® Datain hand for measurement of p, oto 103
® Study of systematic errors for 10-3 nearly complete

» Take datafor measurement of P ¢ for 10 precision (publish 2004/05).

e 2005/06 program:

» Take data for measurement of p, 77, &, O toaprecision of a
few partsin 10 (~103 for 1)
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