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The Physics Motivation

The muon decay is very
interesting

Only weak interaction
involved

Muons are easy to produce

One decay mode dominant
(≈ 100%)

µ+ → e+ νe ν̄µ
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4-fermion formalism

To study the muon decay we describe it by using a very general
formalism.
The interaction is described as a derivative-free,
Lorentz-invariant and lepton-number conserving matrix:

M = 4
GF√

2

∑
gγ

εµ < ēε|Γγ |νe >< ν̄µ|Γγ |µµ >

γ = S, V , T
ε, µ = R, L

gT
RR ≡ gT

LL ≡ 0

A common phase doesn’t
matter

Standard Model, V-A interaction

gV
LL is the only non zero

coupling

=⇒ 19 real and independent parameters
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The Michel parametrization

The differential decay rate can be written using the Michel
parametrization:

d2Γ

dxd cos θ
=

mµ

4π3 W 4
eµG2

F

√
x2 − x2

0 (FIS(x) + Pµ cos θFAS(x))+RC.

x

00.10.20.30.40.50.60.70.80.91

)θ
Cos(

-1-0.8-0.6-0.4-0.2-00.20.40.60.81

x =
Ee

Weµ

θ

−→pe

Pµ
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The Michel parametrization

The isotropic and anisotropic parts of the Michel parameters
are:

FIS(x) = x(1− x) +
2

9
ρ(4x2 − 3x − x2

0 ) + ηx0(1− x)

FAS(x) =
1

3
ξ
√

x2 − x2
0

[
1− x +

2

3
δ(4x − 3 + (

√
1− x2

0 − 1))

]

Standard Model predictions

ρ =
3

4
, η = 0, Pµξ = 1, δ =

3

4
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The TWIST spectrometer
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The spectrometer in the M13 beamline
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Typical event
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Typical event
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A Blind Analysis

The TWIST analysis is blind to avoid any human bias:
Choices of data samples
Looking for errors if disagreement with expectations
Systematic error evaluation influenced by final result
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The software analysis

MOFIA

Experimental data Monte Carlo data

ξMC , ρMC , δMC

Black Box

Energy calibration

∆ξ,∆ρ,∆δ

Michel Spectrum Fit

ξ, ρ, δ
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The software analysis

MOFIA

Experimental data Monte Carlo data

ξMC , ρMC , δMC

Black Box

Energy calibration

∆ξ,∆ρ,∆δ

Michel Spectrum Fit

ξ, ρ, δ

Detector response included in MC
Reconstruction biases reduced because ∆ξ,∆ρ,∆δ are small
Most systematics are from the difference between the MC simulation and the
reality
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The TWIST Results

Published results

ρ = 0.75080± 0.00044 (stat)± 0.00093 (sys)

±0.00023 (η)

δ = 0.74964± 0.00066 (stat)± 0.00112 (sys)

Pµξ = 1.0003± 0.00006 (stat)± 0.0038 (sys)

Published Final Goal
Statistics Systematics Statistics Systematics

ρ 4.4 9.3 1.3 2.4
δ 6.6 11.2 2.3 2.2
Pµξ 6.0 38 2.8 7.5
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EXTRA SLIDES



Model-Independent search for right-handed
interactions

QRR =
1
4
|gS

RR|
2 + |gV

RR|2

QLR =
1
4
|gS

LR|
2 + |gV

LR|2 + 3|gT
LR|2

Right-handed interaction contribution in the muon decay :

Qµ
R = QRR + QLR

Also defined as :

Qµ
R =

1
2

(
1 +

1
3
ξ − 16

9
ξδ

)

Standard Model, V-A interaction

Qµ
R = 0



Michel Parameters Derivatives

d2Γ

dxd(cos θ)

∣∣∣∣
ρMC ,δMC ,ξMC︸ ︷︷ ︸

MC spectrum

+
∑

α=ρ,ξ,ξδ

∂

∂α

[
d2Γ

dxd(cos θ)

]
∆α︸ ︷︷ ︸

Derivatives fitted



Systematics in the previous measurement


