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Abstract 

A method is presented to extract the tau neutrino helicity, or equivalently, the chirality parameter YvA, independent of 
any tau polarization which may be present. The method is thus well-suited to measurements using taus produced from the 
Z0 and is complementary to analyses using tau correlations since it provides the sign of the chirality parameter which is 
otherwise 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 1 - W - VI vertex is 

supposed to have the V - A structure for any lepton. 

This fact has been extensively checked for electrons 

and muons [ 11. 
Moreover, measurements by the ARGUS Collabo- 

ration [2] at energies near the production threshold 

of T+ T- supported this fact also for the T lepton. At 
higher energies such direct tests have not been made, 

though the neutral couplings of the r lepton to the 2’ 

have been measured (for a recent summary see [ 3 I > . 
The ALEPH collaboration [ 41 has performed an anal- 
ysis suggesting that the T charged current is either pure 
V - A or pure V + A. (Studies of correlations alone 

do not suffice to determine the sign of yv~.) 
Efremov et al. [5] have previously examined the 

possibility of studying the tau charged current using 
handedness in the decay r- ---) u;z+ and suggest a 
method by which the tau polarization and yVA can be 
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determined simultaneously. We discuss here a some- 
what different method based on the construction of an 

observable sensitive to YVA, but independent of the T 
polarization as well as a detailed description of the 

how the method can be used in an experimental situ- 

ation. 
We analyze here the decay distributions of et e- + 

r+r- and T- + a; v, at the Z” peak with the purpose 

of obtaining an estimator of the coupling constant of 
the 7 - W - Y, vertex. We present an observable for the 
determination of this constant, which is independent 

of the value of the T polarization. 
We use here the single-tau decay modes. Other 

methods using r+r- spin correlation observables are 

under study and will be presented in a separate publi- 

cation [ 61. 
Lepton pairs r+r- are created at LEP from the 

electron-positron annihilation at energies of the Z” 

resonance. 
In the Standard Model the neutral current P has 
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the form 

J’ = ii(~+)y”(u, - u,Y’)u(T-) (1) 

where the coupling constants U, and a7 are given by 

u, = -1 + 4sin*& (2) 

a7 = 1 (3) 

The LEP beams are unpolarized but the inequality of 
the Z couplings to left-handed and right-handed lep- 
tons induces a polarization of the taus. The longitudi- 
nal polarization of the r- averaged over all the pro- 
duction angles is related to the rf - Z” - r- vertex 
coupling constants, at the Z” peak, by 

p_2u,a, 
u; + u; (4) 

Subsequently, as it is well known, taus decay via weak 
interactions where parity is not conserved. The v, can- 
not be observed experimentally and the measurable 
quantities are the energies and momenta of the hadrons 
or leptons in the final state. 

The vertex r - W - or is supposed to be V - A in 
the Standard Model. To take into account a possible 
deviation from this form we introduce coupling con- 
stants gv and gA for the vector and axial vector tau 
currents, namely: 

J’ = ii@‘, s’W‘(gv + ~AY~MP, s> (5) 

It is usual to define a quantity analogous to the po- 
larization, which characterizes the handedness of the 
charged leptonic current. This quantity is called the 
chirality parameter and is given by 

%%A 
YVA = 2 

&‘+gA 
(6) 

In the Standard Model, as it was stated above, yVA = 
-1. 

2. r- -+ a, v, decays 

The ui is a pseudovector resonance decaying into 
three pions. The decay process is as follows: 

r- + a,u,, 0 - 
al--tpr, $- 7r+77- 

One can only measure the energies and momenta 
of the three charged pions in the final state. Only the 

rest frame 

Fig. 1. Kinematics for the (11 decay. 

neutrino escapes the detection so the kinematics of the 
system is well enough constrained to allow a partial 
reconstruction of the events, despite the fact that we 
cannot reconstruct the r-rest frame. The appropriate 
frame here is the al-rest frame where the pions are 
coplanar as illustrated in Fig. 1. 

The angular distribution for the decay can be written 
following Ref. [ 71 as 

dI = N[h:WA + (h, cos8 - h2sin8)WAYvAP7 

+ hj COS pw,P, 

+ 3Q2 cos $ cos /~WEYVA J 
(m”, -Q*>* 

Q2 

dQ2 dcosB dcosp 
x -dds, ds2- - 

Q2 2 2 (71 

where ql, q2 and qs are the final pion 4-momenta and 

Q = 91 + 92 + 93. 

The T rest frame decay angle 8 and the angle I++ 
between the direction of the r and the laboratory as 
seen from the ai rest frame, can be reconstructed from 
the energy of the hadronic system, 

case = 
2xmf - rn: - Q* 

(nz: - Q*) ,/m 
8 E [O,rl (8) 

cosi+b = 
x( rn: + Q2> - 2Q2 

(9) 

with 

El + E2 + E3 ,y’= 
EtWll 

(10) 



362 M.-T. Dova et al./ Physics Letters B 366 (1996) 360-364 

p denotes the angle between the normal nl to the three 
pion plane and the three pions laboratory line of flight. 
cosp is obtained from the measured pion momenta 
using the analytic approximation of Ref. [ 81: 

cosp = 

8Q2PI (P2 x P3)lIPl +pz +p3l 

~-~~~~Q2,.~,,m~~,A(Q2.s2,mf),A(Q2,.s~.m~))]~ 
(11) 

where A(x, y, z) = x2 + y2 + z2 - 2x.v - 2vz - 2~. 

hF=mz&2Q2 

- 
-(m:rQ2) 3cos2$ 1 3cos2p 

- 
1 

2 2 (12) 

h2 = 3rn,m7 sin2* 3cos2/? 
- 1 

2 (13) 

h3 = -3Q2(cos0cos~ + _!!c- sinesin@) 
VP 

(14) 

G2 1 
N = 8m:(g: + 63 cos% 64(2T)5 (15) 

WA = IFI I2 (S2 - 4m$) + 
[ 

(s3 - s1)2 

4Q2 I 

+ IF212 
[ 
(31 - 4mi) + 

(s3 - s2)2 

4Q2 1 
(Q2 - 2S3 - rnz) + 

(s3 - Sl)(S3 - s2) 

2Q2 1 
x Re(FrF,*) (16) 

w, - -3 
~1~2.~3 - mfJQ2 - mi)2 ‘I2 

Q2 I 
Im(FIF,*) 

(17) 

The Dali& variables SI and s2 are defined by 

Si=(qj+q+)2; i + j=1,2 (18) 

where q+ is the momentum of the positive pion. 
The model dependence is contained in the functions 

WA and WE. The discussion presented by J.H. Kuhn 
and E. Mirkes [ 71 is based on a hadronic current of 
the form 

J” = Ws,,s2,Q2) Vl” + F2h,s2,Q2) Vz” (19) 

(20) 

V2” = 4’; - 4’: - Qp Q(q2 - q3) 
Q2 (21) 

F, = F(.s,.sL,Q~) : F2 = F(s2,s,,Q2) 

and a choice for F as follows: 

F(s,,.T~,Q’) = - 
2Jzi 
-W,(Q2> Bp(s2), 
3 .fiT 

where SW, and B, denote Breit-Wigner resonances. 
This model for the current has previously been 

worked out by J.H. Kuhn and F. Wagner [9] and is 
implemented in the KORALZ event generator [ lo] 
widely used to simulate T production and decays. 

Given that the two negative pions are not distin- 
guishable, there are two possible ways to form the 
p-meson. The interference between them is contained 
in the function WE through the imaginary part of the 
structure functions FI and F2. Notice that the only 
term in the angular distribution that contain yvA with- 
out the presence of P, is proportional to WE. This is 
the interference that makes the 7 + UI Y, 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 distribution 
function given in Eq. (7). To go further along this 
new method, let us introduce the following notation: 

dT = fi( Q2, SI , ~2. cos 8, cos /3) d’x (22) 

dcose dcosp 
d5n = dQ2ds, ds2 2 - 

2 
(23) 

Then for any quantity m, we define a moment (m) by 

(m) = Jmfi(Q2, s], s2. cose,cosp) d5x 
j-fl(Q2, SI. s2,cos8, cosp) d5x 

(24) 
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The important observation is that it is possible to elim- 
inate the dependence on the 7 polarization by taking 
the moment ’ of the quantity 

M= 
cospcos@sgn(sr - ~2) 

cos19coscC, + LsinesincC, 
(25) 

Jz;i 

The function sgn of ( SI - ~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 

dcose dcosp 
M Rds, dsz2 2 

=&WA 
(mf - Q2>* 

Q2 

X I cos e cos tj 

cosecos$ + -k sine sin@ 
v@ 

dcosB 
x WE sgn( sl - ~2) dsl ds2 - 

2 (26) 

while the normalization constant N is determined by 
the condition 

1 = 
dcose dcosp 

Ods,ds2------ 
2 2 

=N Cm,2 - Q2)* 

Q4 
(m; + 2Q*) 

s 
w, dsl ds:! 

(27) 

Finally one can write 

(M) = -YVA h(Q2) VQ2) (28) 

where we have introduced the functions 

ALR = - Q2 s WE sgn(sl - ~2) dsl ds2 

Cm; + 2Q2> .[ WAdsI ds2 

(29) 

7-(Q2) = - (m,!Q2+[Q2+m:[’ 
T 

3m: + Q2 

+ 3K(Q2) 
log 3m: - Q* - K(Q2> 

3m: - Q2 + K(Q2) 

+ log &T -=I) (30) 

’ Efremov et al. [5], in their Eq. (22), form an asymmetry 

from similar quantities instead of forming the moment proposed 

here with a weight factor which removes dependence on the tau 

polarisation. 
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Fig. 2. Moments vs. Q2 for various values of yv~. 

with 

K(Q2) = [ (9mf - Q’)(mz - Q2)]‘i2 (3’) 

4. Monte Carlo studies 

We have performed a Monte Carlo study using the 
Koralz [ lo] program to generate samples of 200,000 
events with al decays assuming pure V - A and pure 
V + A charged current couplings, as well as 200,000 
events with nonstandard values of yVA to represent 
a hypothetical data sample with gv = 0.6 and gt + 
gi unchanged from its standard model value, giving 
yVA = -0.768. The calculated values of the moments 
and their errors are shown in Fig. 2 for each of the 
three data samples. A x2 fit for the best linear com- 
bination of V - A and V + A samples to match the 
yVA = -0.768 sample gave a statistical error of 0.049, 
which includes errors due to the finite Monte Carlo 
V - A and V + A samples as well as those due to the 
finite 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 pa- 
rameter which is independent of the tau polarization. 

The errors are, admittedly, large when scaled to re- 
alistic numbers of events at LEP, but two points are 
worth bearing in mind: 1) studies of correlated tau 
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decays at LEP can give quite accurate determinations 
of the absolute value of the tau neutrino chirality pa- 
rameter, 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 neu- 
trino chirality parameter can be multiplied. The final 
likelihood will be quite sensitive to both the sign and 
magnitude of YvA. 2) Future accelerators (and per- 
haps higher luminosity options for LEP) may provide 
large enough data samples so that the intrinsic inter- 
est of this method (without recourse to studies of cor- 
related tau decays) will be greater. In particular, the 
method can be used to study singly-produced tau de- 
cays from hadron machines. 

Clearly in taking moments to remove the tau polar- 
ization dependence we have assumed a perfect detec- 
tor. In any real experiment, some polarization depen- 
dence in the calculated moments is bound to appear 
and must be studied. In addition, we are studying the 
possibility of using a related method fixing the prod- 
uct of the tau polarization and tau neutrino chirality 
parameters [ 111. 

One final comment of interest for experiments is 
that a sample of r- decays with a V + A charged 
current interaction can be obtained simply by using rf 
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 yvA which is independent of the r 
polarization. The function ALR (Q*) is the parity vio- 
lating asymmetry measured by the ARGUS collabo- 
ration 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; -+ 7~’ rr” rTT-. To this end one has only to 
change q+ 4 q_ in Eq. (18) and qj; j = 1,2 are now 
the neutral pion momenta. Clearly, in this case one is 
dealing with a negative p-meson. 
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