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Abstract 

Using the ARGUS detector at the e+e- storage ring DORIS II, we have determined the Michel 

parameters p and e of 7 ___. IJVTi and T ___. ei/Ti decays. From a data sample with 333 events/ph 

around .JS:::: 10 GeV, we select 3230 events e+e- --+ r+r- --+ (J.I±vv)(e'~"vV) and determine p 

from the e and 1-1 momentum spectra and e from the correlations between e and J.l momenta. For 

p we obtain p,._,e = 0.79 ± 0.08 ± 0.06 and p,.__.P. = 0.76 ±0.07 ± 0.08 in accordance with the V-A 

structure of the decays. The momentum correlations are only sensitive to the product e,._., ·eT-->j<• 
Setting e,. .... e = eT-+J.<> we obtain lerl = 0.90±0.15±0.10 also in accordance with v -A. The updated 

decay fraction~ are B( 7 ___. evV) = (17.5 ± 0.3 ± 0.5)% and B( r--+ iJVTi) = (17 .4 ± 0.3 ± 0.5)%. 

Muon decay has been investigated for determining the space-time structure of the weak interaction 

for more than 40 years. The muon lifetime Tp. and the four Michel parameters [1~4] p~-', 11"' e"' 6~-' 

have been determined to ±18 ppm, ±0.35%, ±1.3%, ±0.8%, and ±0.5%, respectively. The value 

of r" fixes one of the 18 parameters of the Standard Model, and the other four obtained values are 

in perfect agreement with stand.ard W-boson exchange, i.e. with a V-A structure predicting 3/4, 

0, 1, and 3/4 for the Michel parameters. In spite of the good experimental precisions reached, an 

overall analysis with all possible weak couplings [5] leaves much room for decay contributions in 

addition to those from the standard W-boson. The much.higher mass of the 7-lepton is, therefore, 

a strong motivation to search for deviations of f(r --+lvV), p,., TJr, e,., and 6,. from their V-A 

predictions in 7 --+ ev/J and r - IJVV decays. Hadronic r decays allow also a direct determination 

of the r-neutrino helicity h.,~ and a test of its V- A value h.,~ = -1. 

After the recent improvement on the precision of the r-lepton mass [6, 7, 8], the measured rate 

r(r ___. evTi) agrees with its V-A prediction r(IJ--+ evTJ) · (m,./ml-')5 • The results on p,. with 

an experimental mean of 0.727 ± 0.033 [9] also support V-A, and the first direct observation of 

parity violatiOn in 7 decays, h.,~ = -1.25 ± 0.23~~:~ [10, 11], demonstrates that the r-neutrino 

is indeed left-handed. In this paper, we report on a measurement of the parity-violating Michel 

parameter e,. from 3230 7+ T- --+ (IJ±I.I'iJ)(e'fviJ) events and On simultaneously obtained results for 

p,. and r(r -tvv). 

In the r rest frame, neglecting radiative corrections and terms proportional to mUm;, the energy 

spectrum of the charged decay lepton £ is given by 

dfH'"" , { (32x ) me 
-·dndx e<x · 12(1-x)+p,.· 3-8 +17,.· m,. 

24(1-x) 
X 

-P, {, co•~ · [4(1- x) +5, · c~x- s)]} 
where x :::: 2. Et/m,. is the scaled lepton energy, P,. the r polarisation, and {) the angle between 

the T spin and the lepton momentum. With unpo!arised r-leptons, or integrating over the full {) 

range, the spectrum depends only on p,. and 17,.. Measurements of the other two Michel parameters 

require polarised taus. Electron-positron annihilation produces r pairs with simple correlations 

between the two r spins. At high energies, there are only events with both spins parallel, either 

(P,.+ = +1, P,.- = -1) or (P,.+ = -1, P,.- = +1). Their probabilities are equal as long as zo 
contributions are negligible. This spin structure correlates the two charged lepton momenta in 
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r+r- ___. (p±:..,-il)(e'fvJJ) events if both ~..---e and ~T-+1> arc non-zero. An observation of e and Jl 

momentum correlations gives a measurement of the product €..---.e · f,._.J.L" 

The experiment has been performed in e+e- annihilation at centre-of-mass energies around 10 GeV 

with the ARGUS detector at the storage ring DORIS fi.The storage ring is described in [12], 
ARGUS and its pmformance in [13]. The data sample used for this analysis has been collected 

between 1985 and 1989, and its integrated luminosity has been determined to be (333 ± 10)/pb. 

This is not the full data sample of ARGUS as used in most other analyses. Since the analysis of 
two-prong events requires careful attentiOn of the trigger thresholds, we have restricted the data 

sample to those run periods where the trigger efficiency was well under control. 

Events are selected with exactly two tracks of opposite charge. Each track must have a transverse 

momentum above 80 MeVJc, a polar angle with icosfJI < 0.7, and must point to the primary 
interaction region defined by _the cuts r < 1.5 em and lzl < 5 ern. Electron and muon candidates 

are selected by requiring a muon likelihood L~' > 0.8 and an electron likelihood Le < 0.1 for muons 
and L., > 0.8, L~' < 0.1 for electrons. In order to keep high efficiency and small misidentification 

probabilities, we require electrons to have p > 0.65 GeV /c and muons p >· 1.30 GeV Jc. Events 

with neutrinos are enriched by the two event cuts cos C¥acol > -0.9997 and mmias > 2 GeV Jc2 , 

where the acollinearity is defined as cosa,.col = f!e · .PIJ/(If!ei·IPIJI) and mmiss is the missing mass 

in the event obtained from m~"" = ( .jS- Ee- El'-)2 - (~ + f/11-)2. There remain 3336 events after 

these cuts. 

Electron identification is studied in radiative Bhabha events and converted photons [14]. The 

efficiency of the likelihood cuts as used in this analysis is found to increase from 0.40 at 0.65 

GeV Jc to 0.90 at 2. GeV Jc and is nearly constant above 2 GeV Jc.. Electron misidentification 
of muons and pions is obtained from samples of cosmic muons and reconstructed Kg decays in 

multihadronic event·s. In the Pe and cos fJ region of the present analysis, pions fake an electron 

with 0.6% probability and muons fake electrons' with a probability rapidly decreasing from 2.0% 

at 0.6 GeV Jc to zero at 1.0 GeV Jc. Muon efficiencies are obtained from a Monte Carlo simulation 

which is cross-checked with cosmic ray meaSurements. The efficiency rises from 0.45 at 1.3 GeV /c 

to 0.78 above 2 GeV fc. Misidentification from electrons and pions is obtained from the Bhabha 

and Kg samples mentioned above. Pions fake muons with a probability of 2.0% and electrons fake 

a muon with a probability decreasing from 1.5% at 1.3 GeV /c to 0.3% at 5 GeV /c. Very detailed 
studies are also performed for all levels of the ARGUS trigger as functions of time and particle 

angle and momentum. Single track efficiencies in the second level trigger vary between 0.75 and 

0.92 during the selected run periods. 

The geometrical acceptance for r+r-----+ (evV)(pvV) events is obtained by the ARGUS detector 

simulation using KORAL-B [15] for r+r- pair generation with initial state radiation and TAUOLA 

[16] for r decays including PHOTOS [17] for final state radiation. Assuming standard V-A decays, 

the overall efficiency for (evv)(pvV) events, including geometry, selection, and reconstruction, is 

found to be (17 .3 ± 0.1)%. Since TAUOLA contains only combinations of V and A for the decay 

structure, the generator has been modified for this analysis in order to generate r-+ iv 17 decays 

with arbitrary values of p, T/, e, and 6 [18]. Monte Carlo simulations are also used to estimate the 

non (evV)(JJvTi) background in the selected event sample, Table 1 summarizes the results. The 
total background amounts to 106, leaving 3230 signal events. 
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Table 1: Estimated number of background events in the selected sample of 3336 (evV)(JJvV) 
events. The notation 1m includes the decay modes 1rv and pr/. The errors include misidentification 

uncertainties and are therefore correlated. 

e+e----> e+e-("Y) and p+p-("Y) lO ± 27 
e+e-___.e+e-p+JJ-'(1) 13±5 

r+r----> (evii)(evV) 16 ± 5 
r+r- ---> (pvV)(J.W'il) 6 ± 2 
r+r--+ (:11'V)(eJiii) 45 ± 10 

r+r--+ (nv)(JJvV) 15 ± 3 
r+r--+ (nv)(11'v) < 1 

From the number of selected events, the energy-weighted integrated luminosity, the overall event 

acceptance, and the backgrounds in Table 1, we obtain the product of decay fractions, B(r __. 
evV) · B(r ___. pvii) = 0.0313 ± 0'.0006 ± 0.0016, where the first error is statistical and the second 

systematic. The systematic error is the quadratic sum of 3% from luminosity, 4% from muon 

acceptance and identification, 1% frOm electron identification, and less than 1% from geometry, 

trigger, reconstruction, and background. The result is in good agreement with our previous result 
[19] and with the world average [9]. The data samples used in the previous analysis [19] of 

r±r:r -+ (e±vv)(p'~'vV) events and in the present analysis overlap partiallly. The combined result 

of both analyses is 

B( r -+ evV) · B( r -+ pvV) = 0.0306 ± 0.0005 ± 0.0013 ; 

it replaces our earlier value [19]. Using the measured ratio of muons to electrons in ref. [19], 

B(r--> pviJ)jB(r ___. ev"iJ) = 0.997 ± 0.035 ± 0.040, together with our combined result for the 

product, we obtain 

B( r-+ evTJ) = (17.5 ± 0.3 ± 0.5)% , 

B(r ~ lwv) ~ (17.4 ± 0.3 ± 0.5)%. 

Using recent r mass [7] and lifetime [9] values, this leads to 

rTJ B( r __. evil) = (1.067 ± 0.041) · r~'- · ( m~'Jm.,. )5
, 

which fulfills the lepton universality of the Standard Model within 1.6 standard deviations. 

The Michel parameters p.,.-+IJ. and p.,._.e are obtained from the muon and electron momentum 

spectra, shown in Fig. 1. In contrast Lo earlier analyses, p.,.-+J.' is not obtained from a fit with 

fixed ry.,..___.~'- = '0; instead both p and 'fJ are allowed to vary within their physical boundaries. This 

variation does not require a large number of Monte Carlo generations. Because of the linear 

dependence on p and 'IJ, only three sets are required, and the most general form of the momentum 

spectrum is given by 

dN 4p dN 4p dN 3 dN 3 
-(p ") ~ (1- -) ·-(0 0)+ (- -"). -(- 0)+" ·-(- 1) dp ' 3 dp ' 3 dp 4' dp 4' . 

The result of a x 2 fit to the muon spectrum in Fig. 1a is shown in Fig. 2. The sensitivity on ry is 

very weak because its contribution to the spectrum is weighted with m/1-Jm.,.. The x2 value at the 
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minimum is 72.3 for 74 degrees of freedom. For fixed T]r ..... ,. = 0, we obtain p.,. ..... ., = 0.76 ± 0.06. 
Taking the weak correlation with TJr-+p into account, we obtain 

Pr---+p, = 0.76 ± 0.07 ± 0.08 , 

where the systematic error has its dominant coritributions from background subtraction (±0.07) 
and from the momentum dependence of the muon identification (±0.03). As seen in Fig. 2, the 
fit to the muon spectrum does not constrain '1.,.---+p.; any value in the allowed range is within the 
one sigma contour. A x 2 fit to the electran spectrum gives 

PT->e = 0.79 ± 0.08 ± 0.06 . 

The correlation with fJ.,. ..... ,. is negligible because of m,./m7 • The systematic error is dominated by 

the background subtraction. The two p results agree well with our earlier value [20]. This was 
obtained from r±rT -+ (.e±vV)(7rT7r+7r-11) events; i.e. our old and new values are statistically 

independent. 

The p,. vs. p,. biplot as shown in Fig. 3 exhibits a slight preference for lo.w-low and high~high 
momentum pairs, demonstrated by the correlation coefficient which is found to be 

k - l.:(p. p;-) . (p, - p;;) = +0.065 ± 0.020 . 
- J'£(p.- p.)' . l.:(p, p,)' 

The positive correlation is in fact generated by initial state radiation and by the product ~.,._.., · 
{ 7 ........ The Monte Carlo simulation gives k = +0.018 for zero e values and k = +0.055 for the 

V-A values e7 ..... ,. = ~7 ..... ,. = 1. Being sensitive to the product, the experimental value of k proves 
that e7 ..... ,. and e7 ..... ,.· have the same sign and are both either close to +1 or close to -1. More 
information is obtained from a two-dimensional fit to the Pe vs. p,. distribution. Because of a 
slight additional inc;ease in information, we act~ally perform a x2 fit in three dimensions with ten 

bins of p,., ten bins of p,., and two bins of O:acoi, above and below cos a = -0.92. The bin widths 
have been chosen on the basis of equal bin. contents. The fit is only sensitive to the product of 

both ~ values, we therefore use electron-muon universality er = e.,. ..... , = e7 ..... w Since (p, rJ) and 
(e, 6) are unCorrelated, we perform the {fits with fixed values p =. 3/4 and '1 = 0. 

The x 2 distribution of thee fit with fixed value li = 3/4 is shown in Fig. 4. It is obtained by 
comparing the numbers of events in 200 bil}S with the expectations from a total of 72,000 Monte 
Carlo events. There is again a technique which avoids the generation of separate Monte Carlo 
sets for each value of{. The program KORAL-B [15] works with ~-dependent weights which 
are used for event selection on a hit-or-miss basis. In the analysis here, each Monte Carlo event 

surviving the p and 11 hit-or-miss is retained, and its weights for 100 values of~ are stored for 
the x2 tests which compare the distributions of the data and the weighted Monte Carlo events. 

The x 2 distribution is symmetric around { = 0 and has its minima at I~ I= 0.90. The x:.Un value 
of 202.2 matches well with the 198 degrees of freedom. The difference x 2 (e = 0) - x!.m is 14.9, 
i. e. our event distribution excludes parity conservation with 3.9 standard deviations. With one 
standard deviation we obtain lei = 0.90± 0.13, which agrees well with the V-A prediction e = 1. 

A two-dimensional fit to only p,. and p,. gives I~ I = 0.95 ± 0.20. Fits of Monte Carlo to Monte 
Carlo distributions prove that our applied method is bias-free. Increasing the low-momentum 
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cuts to 0.8 and 1.5 GeV fc fore and /1, respectively, changes~ only in the statistically expected 
range. The systematic error has contributions from background, momentum dependence of the 
muon efficiency, and initial and final state radiation. Final state radiation is negligible, background 
subtraction gives 6.~ = ±0.08, muon efficiency ±0.02, and initial state radiation ±0.06. The latter 
contribution may be overestimated; it is obtained by changing the electric coupling constant a in 
KORAL-B to 1.01 ·a. Adding the contributions quadratically, our result is 

j<,l = 0.90 ± 0.13 ± 0.10' 

where the parameter 0.,. is fixed at its V-A value 0" = 3/4. Varying li" in its allowed range, the 
statistical error is estimated to increase to ±0.15. Our final result with free 6.,. is 

j<,l = 0.90 ± 0 15 ± 0.10 . 

The momentum-momentum correlation for determining ~7 is a scalar observable and can, therefore, 

not be parity-violating. This is reflected by the fact that our observation is in as good agreement 

with (V +A)· (V +A), ~7 = -.1, as with (V-A)· (V-A), f,. .. = +1. However, the source for 
{.,. "f:. 0 must be parity violation; the electron (or muon) momentum is correlated with the tau 
spin, and this pseudoscalar is non-zero. Measurements at LEP determine the sign of{.,.. Following 
a recent analysis of Privitera [21], the mean values of the four LEP experiments [22, 23, 24, 25] 
for~ .. · P.,. and h,,. · P7 are -0.089£0.054 and 0.143 ± 0.028, respectively, where Pr is the tau 
polarisation in Z0 ........ r+r-, ~ .. is the mean Michel parameter in T -+ evV and T-+ IJVTi decays, 
and h,,. the mean observed r-neutrino helicity in T ....... 1rv, T--+ pv, and T __,. a1v. Combining this 
with the ARGUS measurement h,,. = -1.25 ± 0.23 :g:~, [11] gives the model-independent result 
~7 (LEP) = +0.78 ± 0.52 which is 3.4 standard deviations from -1. 

To conclude, we have determined updated values for the purely leptonic decay fractions of the tau 
lepton, B(r-+ evi7) = (17.5 ± 0.3 ± 0.5)%, B(r -+!llli7) = (17.4 ± 0.3 ± 0.5)%, which replace our 
earlier results in ref. [19]. The new values are in agreement with the Standard Model expectation. 
Using recent r mass [7] and lifetime [9] values, we obtain r.,.fB(r-+ e11V) = (1.067 ± 0.041). r,.. 
(ml'-fm,. )5 . Our Michel parameter results p7 __.,. = 0.79 ± 0.08 ± 0.06 and p.,. ..... ,. = 0.76 ± 0.07 ±0.08 
are statistically independent from our earlier one in ref. [20] and agree well with the Standard 
Model value p = 3/4. The asymmetry parameter is found to be 1~7'1 = 0.90 ± 0.15 ± 0.10 in also 
good agreement with the Standard Model value { = 1. 

Note added after CQ!!!Pletion: The analysis has been performed with the KORAL-B version of 
1992. We have carefully controlled, not by repeating the full analysis but by comparing different 
Monte Carlo samples on the generator level, that the new KORAL-B version of May 1993 leads 

to only negligible shifts in the fit result for e.,.. The values of B( T -+ £vV) and p.,. are not affected 
by the change in KORAL-B. 
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Figure Captions 

Fig. 1: Observed momentum spectra of muons (a) and electrons (b) after background subtraction, 

without acceptance cor'rection, in arbitrary units. The solid curves are the best fit results with free 

parameters P-r-.e, fh....,.e and P-r_,.p., fh ..... p., respectively. The dashed curves, in order to demonstrate 

the sensitivities on p, are drawn with p == 1J == 0. 
~The dotted polygon shows the allowed range for p and 1J with arbitrary V, A, S, P, and T 

couplings. The solid point is the best fit for (p, fl) from the muon momentum spectrum, and the 

two nearly parallel bands are the one and two sigma contours around this point. The bands show 

that any 11 value in the allowed range is compatible with our data set. Because of the weak.p-TJ 

correlation, our quoted error on p with free 1J is slightly larger than the error on p with TJ::::: 0 as 

shown by the open point. 
~Electron vs. muon momentum in the 3336 selected (pvll)(evV) events. 

Fig. 4: Dependence of x2 on e-r == e-r .... e ::::: e-r_, 10 as result of a fit to the three-dimensional Pe,p10 ,aaco~. 
distribution. 
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