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Abstract 

The electron 

T+V ev is in T e 

measured value of 

momentum spectrum observed in the decay 

good agreement with the V-A hypothesis. The 

the Michel parameter, p = '0.72+0.15, excludes a 

V+A current and disfavours pure V or A currents. The spectrum allows 

2 us to set an upper limit of 250 MeV/c (95% CL) for the T neutrino 

mass. Finally, by measuring the -c lifetime upper limit of 2.3 10 -12 set 

(95% CL), we show that the square of the coupling constant at the 

T-v~-W vertex is at least 12% of full weak strength. 
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In this paper we explore three characteristics of 

the r-vr-W coupling (represented by the left-hand vertex of the Feynman 

diagram:n Fig. 1): 

a> The space-time structure of the coupling. 

b) The upper limit on the mass of the associated neutrino. 

c> The lower limit on the strength of the coupling. 

The hypothesis that the r couples to the standard intermediate vector 

boson is supported by the good agreement, in all cases, between experimental 

and theoretical branching ratio determinations. 1) It is therefore natural to 

assume that the coupling at the e-v is V-A and to e vertex in the decay r- -+ v e-3 
T e 

use the electron energy spectrum to measure the V, A structure of the T-V T 

vertex. The most general coupling is a linear combination of V and A ampli- 

tude&but, for a massless vr, the anticipated couplings are pure V-A or V+A, 

which correspond, respectively, to a left-handed v and a right-handed v 
-c T:' 

The shape of the electron spectrum in the T rest frame is determined 

by the one-parameter Michel formula: 

N(z)dz oc z2 (1 - Z + $ p (42-3) + r(z)) dz, 

where z is the electron energy relative to its maximum possible value. 

A V-A coupling is characterised by a Michel parameter, p=0,75,whereas V+A requires 

p=O. Other combinations are represented by intermediate values,e.g., 

p=O.375 corresponds to pure V or A. The electron spectra in the T rest 

frame as functions of p are indicated in Fig. 2. The function r(z) accounts 

for radiative corrections 2) to the standard spectral formula and its form is 

different for V-A and V+A couplings. Radiative effects lead to a significant 

softening of the uncorrected electron spectra. 
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The experimental electron spectrum is obtained from a sample of 594 

f 7 
events of the type e+e-+e X (X+e) taken by the DELCO detector at SPEAR in the 

centre-o*mass energy range 3.57<EC$7.4 GeV. The apparatus 3) and the selection 

criteria for these events 4) have been described in previous publications. Several 

further cuts are imposed to ensure a reliable momentum measurement and reduce 

backgrounds. The electron track is required to have a spark in the outer 

wire spark chambers and its momentum must be below the beam energy and above 

0.3 GeV/c (in order to avoid uncertainties in Cerenkov detection efficiency). 

Finally, the value of (]$el+l?xj + lse + sxl)/~~ must be less than 

0.85, where b($x) is the momentum of the e (X) particle. These cuts result 

in a very clean sample of T decays,e.g., the background from misidentified 

radiative e'e- events is about 1%. Charm backgrounds are minimized by 

excluding data obtained at the $" (3770), and the residual contribution is 

estimated to be 27 + 15 events. 

The,fitting procedure involves Monte-Carlo generation of r+r- events 

according to the experimental E CM distribution and corresponding to different values 

of p and vT mass 5, (d enoted m 
V) 

. Radiative corrections are included in 
T 

the initial and final states. After the simulated data is processed through the 

standard data analysis program and the cuts described above are applied, a compari- 

son.with the experimental electronspectrum yields X2 as a function of p and mv . 
T 

Our understanding of errors from measurement and Coulomb scattering has 

been verified by studies of elastic e+e- events in the energy-range 3.1 < E 
CM 

< 7.4 GeV and from the distribution of the JI (missing) mass as reconstructed from the 

soft pions alone in the events $' + $r'r-, J, -f e+e-. The former events are 

mainly sensitive to measurement errors and the latter to Coulomb scattering 

The agreement between the Monte Carlo and experimental data is satisfactory. 



The experimental data, after subtraction of the charm background, are 

compared with the distribut .ons expected for pure V-A and V+A hypotheses. 

4 

In addition the p value giving the lowest x2 is determined under the 

assumption m v =o. The data and fitted curves are displayed in Fig. 3,and 
‘r 

the numerical results are summarized in Table I. The systematic errors in 

the measurement of p arise from backgrounds due to charm, radiative e+e- 

events, two-photon processes and misidentified hadronic events in addition to 

small contributions from errors in momentum measurement and radiative correc- 

tions. They result in a systematic error in p of 5.11 which, when combined 

with the statistical error, determines p = 0.72 + 0.15. We conclude that 

there is good agreement with a V-A coupling whereas V+A is excluded and pure 

V or pure A is unlikely. 

Table I 

Results of the Fits to the Electron Momentum Spectrum 

I Hypothesis 

V-A 

Vi-A 

Free Fit 

P I X2 

0.75 I 15.9 

0.0 I 53.7 

0.72fo.10 15.8 
(statistical 

error) 

#dof 

17 

17 

16 

An alternative presentation of the data involves calculating the 

average-value of Ee/seam which is 0.35 for V-A and 0.3 for V+A and is 

independent of beam energy 7) under the conditions of complete electron 

acceptance, no measurement errors and no radiative corrections. These 

effects have been accounted for by means of a Monte Carlo calculation. To 

avoid excessive sensitivity to a few mismeasured events we reject 

events with P > Pmax e 'e in both the experimental and simulated data. The 
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data and the two extreme hypotheses are displayed in Fig. 4 and indicate 

agreement in each energy range with a V-A current. The mean value for the 

complete data sample is < Ee/ Eb earn >=0.343+.006'to be compared with the 

predictions of 0.344f002 and 0.307f.002 for V-A and V+A,respectively. 

The effect of a non-zero vr mass is to soften the electron spectrum and 

to reduce the apparent value of p. Therefore, since our data rule out the V+A 

hypothesis for all values of mv , we set the p parameter at 0.75 (V-A) 
T 

for this study. From the measured X2 variations with mv # 0,we determine 
T 

the upper limit, m 
V 

< 250 MeV/c2 (95% CL).8) 
T 

We shaLlnow consider the strength of the T-vr-W coupling. The standard 

weak coupling constant results in a T lifetime, ~~=2.7 10 -13 set (assuming 

the world average 1) branching fraction for r + vr eve of 16.5+1.5%.) Although 

this lifetime is below our experimental sensitivity, a lifetime upper limit 

determines a lower limit on the coupling strength. 

Our procedure is to define for each track in an eX event the possible 

cone into which the parentrwas emitted. Different directions in that cone 

have different probabilities depending on the momentum of the daughter 

particle and the beam energy. The second T has an identical probability to 

be emitted in the opposite direction. We thus determine the intersection 

of the second charged track with each possible T direction and from it cal- 

culate the projected r flight path (in the plane perpendicular to the beam axis) 

assuming an origin at the centre of the beam. This distance, appropriately 

weighted by the a priori probability, is in turn converted into a probability 

distribution for observing this event as a function of r lifetime. The total 

sample of events yields the overall likelihood function for the lifetime. 

With systematic errors taken into account the result is r. < 2.3 10 -12 set 

(95% c.L.>g), which implies that the square of the coupling constant at the 

r-vr-W vertex is at least 12% (95% C.L.) of full weak strength. 
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This upper limit on the r lifetime can be combined with precise measure- 

ments dealing with electron-muon universality to exclude a wide range of 

descriptions of the vr. 10) An example is the heavy T neutrino model 11) in 

which the T decays at a reduced rate via small mixings between v v 
e' P 

and v T' 

The tight experimental limits on p-e universality 12) as well as experiments 

with vu beams 
13) impose upper bounds on the mixing amplitudes which are too 

small to allow the T to decay within the measured lifetime limit. 

In conclusion, our measurements are in agreement with the hypothesis of 

a V-A interaction at the r-v vertex. 
T 

V-i-A is ruled out and pure V or A is 

disfavoured. The mass of the 'v ' 
T 

produced in Y + vreve has an upper limit 

of 250 MeV/c2. The combined results of the T lifetime upper limit, electron- 

muon universality and neutrino experiments imply that the neutral particle 

which couples directly to the r is almost certainly a new neutrino, v . 14,15) 
T 

Acknowledgements 

We acknowledge the invaluable services of the Experimental Facilities 

Division, SPEAR OperationsGroup and the Stanford Linear Accelerator Center 

Computing Center. This work was supported in part by the U.S. National Science 

Foundation and the Department of Energy. 



7 
References 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

13) 

For a recent review of the branching ratio situation see 

G. J. Feldman, Reporteur'stalk at the XIX International Conference 

on-High Energy Physics, Tokyo, Japan (August 1978). 

A. A. Ali and Z. Z. Aydin, Nuov. Cim. 43A, 270 (1978). 

W. Bacino et al., Phys. Rev. Lett. 3, 671 (1978). 

W. E. Slater et al., N.I.M. 154, 223 (1978). 

W. Bacino et al., Phys. Rev. Lett. 4l, 13 (1978). 

Y. S. Tsai, SLAC-PUB-2242 (1978). 

A previous observation, favouring V-A over V+A couplings,was reported by 

M. L. Per1 et al., Phys. Lett. 70B, 487 (1977). 

A. Pais and 0. Nachtman, Phys. Rev. D16, 630 (1977). 

The previous upper limit was mv < 360 MeV/c2, determined by the PLUTO 
T 

collaboration. G. Knies, Sixth Trieste Conference on Particle Physics, 

Trieste, June, 1978. 

The PLUTO group quotes T < 9.0 10 -12 
0 

sec. (95% C.L.). G. Alexander 

et al., DESY 78/70, submitted to Phys. Lett. (November 1978). 

D. Horn and G. G. Ross, Phys. Lett. E, 460 (1977); G. Altarelli, 

N. Cabibbo, L. Maiani and R. Petronzio, Phys. Lett. G, 463 (1977). 

H. Fritzsch, Phys. Lett. 67B, 451 (1977). 

For a summary of the status of u-e universality within the framework of 

Cabibbo theory,see M. M. Nagels et al., Nucl. Phys. B109, 1 (1976); for 

the latest rrr-tev/RFrv comparison see D. A. Bryman and C. Picciotto; 

Phys. Rev. Dll, 1337 (1975). 

A. M. Cnops et al., Phys. Rev. Lett. 40, 144 (1978); J. Blietschau 

et al., Nucl. Phys. B133, 205 (1978); P. C. Bosetti et al., Phys. Lett. 

z, 380 (1978). 



14) Formally, the possibility that T is an orthoelectron is not excluded 

despite the low upper limit for the decay T -+ ey. The absence of 

cle2n ve beams has prevented neutrino experiments from exploring this 

possibility. If this were the nature of the T, then 'v ' would be 
T 

an electron neutrino. 

-15) F. J. Gilman, Kyoto Summer Institute for Particle Physics, Kyoto, Japan, 

(1978) and SLAC-PUB-2226 (1978). 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Figure Captions 

The Feynman diagram for the decay r- -f vT e-Ge. 

The electron momentum spectra in the T rest frame for several 

values of the Michel parameter, p. No radiative effects are included. 

The electron momentum spectrum expressed as z = Ee/Er, in the 

range 3.57 I E CM I 7.4 GeV, excluding data taken at the $" (3770). 

The solid and dashed lines are, respectively, V-A and V+A fits with 

zero v mass. 
T 

The average value of Ee/Ebeam for several ranges of centre-of-mass 

energy (indicated by the horizontal error bars). The energy-dependences 

of the predictions of the V-A and V+A hypotheses (indicated, respect- 

ively, by the solid and dashed lines) result from experimental cuts 

and measurement errors. 
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