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Abstract

A method is presented to extract the tau neutrino helicity, or equiv-

alently, the chirality parameter 

VA

, independent of any tau polarization

which may be present. The method is thus well-suited to measurements us-

ing taus produced from the Z

0

and is complementary to analyses using tau

correlations since it provides the sign of the chirality parameter which is oth-

erwise unavailable without recourse to lower energy experiments where taus

are unpolarized. Results of Monte Carlo studies and comments regarding

the use of the technique in experiments are also included.



1 Introduction

In the Standard Model the l �W � �

l

vertex is supposed to have the V-A

structure for any lepton. This fact has been extensively checked for electrons

and muons [1].

Moreover, measurements by the ARGUS Collaboration [2] at energies

near the production threshold of �

+

�

�

supported this fact also for the �

lepton. At higher energies such direct tests have not been made, though

the neutral couplings of the � lepton to the Z

0

have been measured (for a

recent summary see [3]). The ALEPH collaboration [4] has performed an

analysis suggesting that the � charged current is either pure V-A or pure

V+A. (Studies of correlations alone do not su�ce to determine the sign of



VA

.)

We analyze here the decay distributions of e

+

e

�

! �

+

�

�

and �

�

!

a

�

1

�

�

at the Z

0

peak with the purpose of obtaining an estimator of the

coupling constant of the � �W � �

�

vertex. We present an observable for

the determination of this constant, which is independent of the value of the

� polarization.

We use here the single-tau decay modes. Other methods using �

+

�

�

spin

correlation observables are under study and will be presented in a separate

publication [5].

Lepton pairs �

+

�

�

are created at LEP from the electron-positron anni-

hilation at energies of the Z

0

resonance.

In the Standard Model the neutral current J

�

has the form:

J

�

= �u(�

+

) 

�

(v

�

� a

�



5

) u(�

�

) (1)

where the coupling constants v

�

and a

�

are given by:

v

�

= �1 + 4 sin

2

�

W

(2)

a

�

= 1 (3)

The LEP beams are unpolarized but the inequality of the Z couplings to

left-handed and right-handed leptons induces a polarization of the taus. The
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longitudinal polarization of the �

�

averaged over all the production angles

is related to the �

+

�Z

0

� �

�

vertex coupling constants, at the Z

0

peak, by:

P = �

2 v

�

a

�

v

2

�

+ a

2

�

(4)

Subsequently, as it is well known, taus decay via weak interactions where

parity is not conserved. The �

�

cannot be observed experimentally and

the measurable quantities are the energies and momenta of the hadrons or

leptons in the �nal state.

The vertex ��W��

�

is supposed to be V �A in the Standard Model. To

take into account a possible deviation from this form we introduce coupling

constants g

V

and g

A

for the vector and axial vector tau currents, namely:

J

�

= �u(p

0

; s

0

) 

�

(g

V

+ g

A
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) u(p; s) (5)

It is usual to de�ne a quantity analogous to the polarization, which char-

acterizes the handedness of the charged leptonic current. This quantity is

called the chirality parameter and is given by:



VA

=

2 g

V

g

A

g

2

V

+ g

2

A

(6)

In the Standard Model, as it was stated above, 

VA

= �1.

2 �

�

! a

�

1

�

�

Decays

The a

1

is a pseudovector resonance decaying into three pions. The decay

process is as follows:

�

�

! a

�

1

�

�

; a

1

! �

0

�

�

; �

0

! �

+

�

�

One can only measure the energies and momenta of the three charged

pions in the �nal state. Only the neutrino escapes the detection so the

kinematics of the system is well enough constrained to allow a partial re-

construction of the events, despite the fact that we cannot reconstruct the

� -rest frame. The appropriate frame here is the a

1

-rest frame where the

pions are coplanar as illustrated in Figure 1.
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The angular distribution for the decay can be written following reference

[6].

d� = N [h

�

1

W

A

� (h

�

1

cos � � h

2

sin �)W

A



VA

P

�

+ h

3

cos�W

E

P

�

+3Q

2

cos cos �W

E



VA

]

(m

2

�

�Q

2

)

2

Q

2

dQ

2

Q

2

ds

1

ds

2

d cos �

2

d cos�

2

(7)

where q

1

, q

2

and q

3

are the �nal pion 4-momenta and Q = q

1

+ q

2

+ q

3

.

The � rest frame decay angle � and the angle  between the direction of the

� and the laboratory as seen from the a

1

rest frame, can be reconstructed

from the energy of the hadronic system,

cos � =

2 xm

2

�

�m

2

�

� Q

2

(m

2

�

� Q

2

)

p

1�m

2

�

=E

2

beam

; � 2 [0; �] (8)

cos =

x (m

2

�

+Q

2

)� 2Q

2

(m

2

�

� Q

2

)

p

x

2

�Q

2

=E

2

beam

(9)

with

x =

E

1

+ E

2

E

beam

(10)

� denotes the angle between the normal n

?

to the three pion plane and

the three pions laboratory line of ight. cos � is obtained from the measured

pion momenta using the analytic approximation of reference [7]

cos � =

8Q

2

~p

1

� (~p

2

� ~p

3

)=j~p

1

+ ~p

2

+ ~p

3

j

[��(�(Q

2

; s

1

; m

2

�

); �(Q

2

; s

2

; m

2

�

); �(Q

2

; s

3

; m

2

�

))]

1

2

(11)

where �(x; y; z) = x

2

+ y

2

+ z

2

� 2xy � 2yz � 2zx.

h

�

1

= m

2

�

� 2Q

2

� (m

2

�

�Q

2

)

3 cos

2

 � 1

2

3 cos

2

� � 1

2

(12)

h

2

= 3m

�

p

Q

2

sin 2 

2

3 cos

2

� � 1

2

(13)

h

3

= �3Q

2

(cos � cos +

m

�

p

Q

2

sin � sin ) (14)

N =

G

2

8m

3

�

(g

2

V

+ g

2

A

) cos

2

�

C

1

64 (2 �)

5

(15)
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and

W

A

= jF

1

j

2

�

(s

2

� 4m

2

�

) +

(s

3

� s

1

)

2

4Q

2

�

+jF

2

j

2

�

(s

1

� 4m

2

�

) +

(s

3

� s

2

)

2

4Q

2

�

+

�

(Q

2

� 2 s

3

�m

2

�

) +

(s

3

� s

1

) (s

3

� s

2

)

2Q

2

�

Re(F

1

F

�

2

) (16)

W

E

= 3

�

s

1

s

2

s

3

�m

2

�

(Q

2

�m

2

�

)

2

q

2

�

1=2

Im(F

1

F

�

2

) (17)

The Dalitz variables s

1

and s

2

are de�ned by

s

i

= (q

j

+ q

+

)

2

; i 6= j = 1; 2 (18)

where q

+

is the momentum of the positive pion.

The model dependence is contained in the functions W

A

and W

E

. The

discussion presented by J.H.Kuhn and E.Mirkes [6] is based on a hadronic

current of the form:

J

�

= F

1

(s

1

; s

2

; Q

2

) V

�

1

+ F

2

(s

1

; s

2

; Q

2

) V

�

2

(19)

with

V

�

1

= q

�

1

� q

�

3

� Q

�

Q (q

1

� q

3

)

Q

2

(20)

V

�

2

= q

�

2

� q

�

3

� Q

�

Q (q

2

� q

3

)

Q

2

(21)

F

1

= F (s

1

; s

2

; Q

2

) ; F

2

= F (s

2

; s

1

; Q

2

)

and a choice for F as follows:

F (s

1

; s

2

; Q

2

) = �

2

p

2i

3 f

�

BW

a

(Q

2

)B

�

(s

2

),

where BW

a

and B

�

denote Breit - Wigner resonances.

This model for the current has previously been worked out by J.H.Kuhn
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and F.Wagner [8] and is implemented in the KORALZ event generator [9]

widely used to simulate � production and decays.

Given that the two negative pions are not distinguishable, there are two pos-

sible ways to form the �-meson. The interference between them is contained

in the functionW

E

through the imaginary part of the structure functions F

1

and F

2

. Notice that the only term in the angular distribution that contain



VA

without the presence of P

�

is proportional to W

E

. This is the interfer-

ence that makes the � ! a

1

�

�

the unique hadronic channel from which we

can disentangle the dependence on the chirality parameter.

3 Determination of the Chirality Parameter

A method to obtain an estimator of the chirality parameter, which is model

dependent though, consists in taking appropriate moments using the distri-

bution function given in equation (7). To go further along this new method,

let us introduce the following notation

d� = 
(Q

2

; s

1

; s

2

; cos �; cos �) d

5

x (22)

d

5

x = dQ

2

ds

1

ds

2

d cos �

2

d cos�

2

(23)

Then for any quantity m, we de�ne a moment hmi by

hmi =

R

m 
(Q

2

; s

1

; s

2

; cos �; cos�) d

5

x

R


(Q

2

; s

1

; s

2

; cos �; cos �) d

5

x

(24)

The important observation is that it is possible to eliminate the dependence

on the � polarization by taking the moment of the quantity

M =

cos � cos � sgn(s

1

� s

2

)

cos � cos +

m

�

p

Q

2

sin � sin 

(25)

The function sgn of (s

1

� s

2

) is introduced in order to take into account the

ambiguity in the direction of the normal to the decay plane, due to the Bose

symmetry of the two negative pions. Then one has

Z

M 
 ds

1

ds

2

d cos �

2

d cos�

2
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= N 

VA

(m

2

�

� Q

2

)

2

Q

2

Z

cos � cos 

cos � cos +

m

�

p

Q

2

sin � sin 

W

E

sgn(s

1

� s

2

) ds

1

ds

2

d cos �

2

(26)

while the normalization constant N is determined by the condition

1 =

Z


 ds

1

ds

2

d cos �

2

d cos�

2

= N

(m

2

�

�Q

2

)

2

Q

4

(m

2

�

+ 2Q

2

)

Z

W

A

ds

1

ds

2

(27)

Finally one can write

hMi = � 

VA

A

LR

(Q

2

)T (Q

2

) (28)

where we have introduced the functions

A

LR

= �

Q

2

(m

2

�

+ 2Q

2

)

R

W

E

sgn(s

1

� s

2

) ds

1

ds

2

R

W

A

ds

1

ds

2

(29)

T (Q

2

) = �

1

(m

2

�

� Q

2

)

f[Q

2

+m

2

�

[1 +

3m

2

�

+Q

2

3K(Q

2

)

log

3m

2

�

� Q

2

�K(Q

2

)

3m

2

�

� Q

2

+K(Q

2

)

+ log

m

�

p

Q

2

]g (30)

with

K(Q

2

) = [(9m

2

�

�Q

2

)(m

2

�

�Q

2

)]

1=2

(31)

4 Monte Carlo Studies

We have performed a Monte Carlo study using the Koralz [9] program to

generate samples of 200,000 events with a

1

decays assuming pure V-A and

pure V+A charged current couplings, as well as 200,000 events with non-

standard values of 

VA

to represent a hypothetical data sample with g

V

= 0:6

and g

2

V

+g

2

A

unchanged from its standard model value, giving 

VA

= �0:768.

The calculated values of the moments and their errors are shown in Figure

2 for each of the three data samples. A �

2

�t for the best linear combina-

tion of V-A and V+A samples to match the 

VA

= �0:768 sample gave a

7



statistical error of 0.049, which includes errors due to the �nite Monte Carlo

V-A and V+A samples as well as those due to the �nite number of events

with nonstandard couplings. Monte Carlo studies using samples of fully

right or left-handedly polarized taus give consistent answers, verifying that

the method of this papers gives a method for the determination of the tau

neutrino chirality parameter which is independent of the tau polarization.

The errors are, admittedly, large when scaled to realistic numbers of

events at LEP, but two points are worth bearing in mind : 1) studies of

correlated tau decays at LEP can give quite accurate determinations of the

absolute value of the tau neutrino chirality parameter, but with absolutely

no information about its sign. The information from the correlated decays

and the method in this paper are statistically independent, and thus the

likelihood distributions for the tau neutrino chirality parameter can be mul-

tiplied. The �nal likelihood will be quite sensitive to both the sign and

magnitude of 

VA

. 2) Future accelerators (and perhaps higher luminosity

options for LEP) may provide large enough data samples so that the in-

trinsic interest of this method (without recourse to studies of correlated tau

decays) will be greater. In particular, the method can be used to study

singly-produced tau decays from hadron machines.

Clearly in taking moments to remove the tau polarization dependence we

have assumed a perfect detector. In any real experiment, some polarization

dependence in the calculated moments is bound to appear and must be

studied. In addition, we are studying the possibility of using a related

method �xing the product of the tau polarization and tau neutrino chirality

parameters [10].

One �nal comment of interest for experiments is that a sample of �

�

decays with a V+A charged current interaction can be obtained simply by

using �

+

decays with a V-A interaction and simply reversing the signs of

the charges of all particles.

5 Summary

In summary, we have found an observable for the determination of 

VA

which

is independent of the � polarization. The function A

LR

(Q

2

) is the parity vi-
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olating asymmetry measured by the ARGUS collaboration to determine the

chirality at low energies where P

�

= 0. The method has been checked with

simulated events generated by Monte Carlo and the sensitivity estimated.

This method can also be applied to the process in which a

�

1

! �

0

�

0

�

�

.

To this end one has only to change q

+

! q

�

in equation (18) and q

j

; j = 1; 2

are now the neutral pion momenta. Clearly, in this case one is dealing with

a negative �-meson.
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Figure Captions

Figure 1: Kinematics for the a

1

decay.

Figure 2: Moments vs. Q

2

for various values of 

VA

.
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