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Abstract

We interpret the existing experimental knowledge on � decays in terms of the

vector and axial vector couplings to the W boson, V� and A� . We deduce

V� = 1:00 � 0:09 and A� = 1:00 � 0:09 in agreement with the Standard Model

predictions of 1.
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Introduction

Purely leptonic � decays provide a clean laboratory for a study of the Lorentz structure of weak

charged currents. They can be described in the most general case by ten complex coupling

constants [1].

Recent new measurements of the Michel parameters in � decays have been published by

ALEPH [2], ARGUS [3] and L3 [4]. While these measurements alone are not suf®cient to

determine the ten complex coupling constants [5], it is instructive to interpret them in terms of a

speci®c model with less free parameters. In particular, we assume the exchange of one charged

gauge boson with spin 1. The � decays are then described by vector and axial vector couplings

only, which are assumed to be real and are left as free parameters in this analysis.

The fermion currents are of the usual form

�f 0
�
�
Vf �Af


5
�
f (1)

implying helicity conservation. f 0 denotes the SU(2) partner of f , for example f = �; f 0 = �� . We

want to express our results also in terms of the equivalent set of right and left handed charged

current coupling constants

Lf =
1

2
(Vf +Af) Rf =

1

2
(Vf �Af) (2)

In the Standard Model those couplings are the same for all leptons and quarks:

Vf = 1 Af = 1 Lf = 1 Rf = 0 (3)

Formalism

The matrix element of the decay

�� ! e� �� ��e (4)

contains the four couplings

gLL =
1

4
(Ve +Ae)(V� +A�) = LeL� (5)

gRR =
1

4
(Ve �Ae)(V� �A�) = ReR� (6)

gLR =
1

4
(Ve +Ae)(V� �A�) = LeR� (7)

gRL =
1

4
(Ve �Ae)(V� +A�) = ReL� (8)

as de®ned in ref. [1,6]. The four Michel parameters �; �; � and �0 = � � � measurable in leptonic �

decays can be expressed as bilinear combinations of those constants gXY . In our special model

we get [7]

� =
3

8
+

1

N
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8
VeAeV�A� (9)

� � 0 (10)
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(V 2

e +A2

e)V�A�

�
(11)

�0 =
1

N
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e)V�A�

�
(12)

The normalization constant appearing in these formulae is

N =
1

4
(V 2

e +A2

e) (V
2

� +A2

�) (13)

It equals one in the Standard Model. The parameter � is zero in our model and therefore not

useful here. The electronic partial decay width �e is proportional to the normalization constant

N :

�e =
m5

�G
2

F

192�3
�N � (1 + �) (14)

The term � contains mass and electroweak radiative corrections [6, 8]. Including these and

using m� = (1777:00+0:30
�0:27)MeV [7] the partial width becomes

�e = 4:033 � 10�4 eV �N (15)

The relative uncertainty is smaller than 0:1% and therefore negligible.

For the leptonic decays into muons analogous relations hold. The higher mass reduces the

muonic partial width slightly with respect to the electronic partial width:

�� = 3:922 � 10�4 eV �N (16)

From hadronic � decays such as

�� ! ���� (17)

the chirality parameter �h has been measured, which can be interpreted as the helicity of the

(massless) neutrino:

�h = �2
V�A�

V 2
� +A2

�

(18)

Therefore we have enough measurements to determine V� and A� .

We de®ne here sign(Af ) = +1, since only the relative sign between V and A is meaningful.

Data

From the measured lifetime and leptonic branching fractions [7] we obtain

�e =
Be

��
= (4:03 � 0:03) � 10�4 eV �� =

B�

��
= (3:92 � 0:03) � 10�4 eV (19)

The measurements of branching fractions and of the lifetime contribute about the same fraction

to the errors. Note that the errors of �e = Be=�� and �� are correlated due to the common factor

� lifetime �� .
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� � �0 �h
� 1 -0.05 -0.06 -0.16

� 1 0.06 0.15

�0 1 0.26

�h 1

Table 1: Correlation coef®cients.

A) Assuming e� � universality the relevant Michel parameters and the chirality parameter have

been measured by ALEPH [2], ARGUS [3] and L3 [4]. Older measurements of � have sub-

stantially larger errors [7] and are therefore not taken into account. From a ®t to the published

numbers and correlation matrices we determine the averages:

� = 0:761 � 0:023 � = 1:055 � 0:092 �0 = 0:788 � 0:071 �h = �1:003 � 0:022 (20)

and the correlation coef®cients as shown in table 1. The measurements of � are independent

of the Michel parameter and neutrino helicity determinations.

B) Without any assumption on lepton universality one has to consider the following indepen-

dent parameters:

�e �e �0e �� �� �0� (21)

in addition to the partial widths and the neutrino helicity. Those Michel parameters have been

measured, too [2±4], but the correlation coef®cients are not published. Therefore we will not

explore this scenario.

Analysis and Results

We make the assumption that Ve = Ae = V� = A� = 1 which is consistent with the analyses of

�-decay, �-decay and neutrino interactions [1,7]. This allows us to use measurements of both

leptonic decay modes. The formulas simplify:

N =
1

2
(V 2

� +A2

�) (22)

� =
3

8
+

3

8
� 2

V�A�

V 2
� +A2

�

(23)

� = 2� 2
V�A�

V 2
� +A2

�

(24)

�0 =
3

8
+

3

8
� 2

V�A�

V 2
� +A2

�

(25)

The Michel parameters �, � and �0 as well as �h all measure the same quantity

2
V�A�

V 2
� +A2

�

= 2
V�=A�

1 + (V�=A� )2
=

L2

� �R2

�

L2
� +R2

�

(26)
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i.e. the ratio V�=A� .

From a complete analysis in form of a �2-®t to all data including the partial widths and taking

into account the correlations we obtain the 68% contours displayed in ®g. 1 and

V� = 1:00 � 0:09 or A� = 1:00 � 0:09 (27)

The ®t is good with �2=dof = 0:3=2. The correlation coef®cient between V� and A� is equal to

0:999. Equivalently:

L� = 0:999 � 0:003 or R� = 0:00 � 0:08 (28)

with a correlation coef®cient of 0:002. This result is in excellent agreement with the SM expec-

tations and con®rms lepton universality. The following upper limit on the contribution from right

handed currents can be set:

jR� j < 0:13 (90%CL) (29)
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Figure 1:

Figure 2 reveals which constraints on the W-� couplings can be obtained using only one or two

out of the 6 input parameters (and without imposing a sign convention yet). Fig. 2 a) shows the

circular contour determined from the partial widths alone. Fig. 2 b) shows the constraint given

by the measurement of �h. The other parameters �, � and �0 lead to similar (but wider) contours.

Summary and Conclusions

Assuming the charged current Lorentz structure to be of a pure (axial)vector nature we have

determined the couplings V� and A� from recently measured � parameters.

The errors are now smaller than 0:1. This is a major improvement with respect to the situation a

few years ago. However, the charged current couplings of the � are much less well known than

the neutral current � couplings to the Z [9], where a precision of about 0:01 has been reached [7].
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Figure 2:

Small improvements on the charged current couplings will come in the near future from the

ongoing analyses of LEP data. The next jump in precision has to wait for a � -factory or a

b-factory.
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