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Abstract 
Using the ARGUS detector at the e+e - storage ring DORIS II at DESY, we have studied lepton energy spectra in ~- decays. 

We present a "pseudo-rest-frame" technique in which the second r in the event, decaying into a heavy hadronic system, is 
used as reference. This method allows for the first measurement of the Michel Parameter 7/ in  ~- decays. We also determine 
the Michel Parameter p in 7" --~ e~u decays with a precision comparable to the present world average. The measured values 
of the parameters p = 0.735 4- 0.036 4- 0.020 and r 1 = 0.03 4- 0.18 4- 0.12 are in good agreement with standard V-A coupling 
at the ~--~,-W vertex. 
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Michel parameters [ 1-3 ] describing the space-time 
structure of the weak leptonic decays have been deter- 
mined with high accuracy [4]. All values are in per- 
fect agreement with the Standard Model predictions. 
The 7- lepton discovered in 1975 [5], with its two lep- 
tonic decays 7" ~ e~ ,  and 7" --~/x~u, offers a unique 
opportunity to study the universality of the charged 
weak interaction. 

Describing the leptonic 7" decay by the most general 
four-fermion Hamiltonian we get the following matrix 
element [6]: 

M = 4 x/-~t x/-G--~ 

y=S,~T 
e,lz=R,L 

where Y labels the type of interaction: Scalar, Vector 
and Tensor. The indices • and /x indicate the chiral 
projections of the lepton from the 7" decay and the 7- 
lepton, respectively. The helicities n and m for the ~'t 
and the u~, respectively, are uniquely determined for 
given y, •, and/x. Neglecting radiative corrections and 
finite mass effects one can write the lepton momentum 
spectrum in the decay 7" ~ l~u as: 

dFz-~lv~ { 
d~dx ~ x2GIG~ 12(1 - x) 

(32x ) ml 24(1 - x) 
+ p  \ - - ~ - - 8  +'qm~- x 

- P ~ ( c o s O  [ L4(1 - x )  +t~ - 8 (1) 
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where x = 2. Et/m~ is the scaled lepton energy, O the 
angle between the 7- spin and the lepton momentum, 
and P~ the 7- polarization which vanishes in our case. 
The Michel parameters p, r/, s c, and 6 are combina- 
tions of the ten complex coupling constants g~u [6]. 
In the framework of the Standard Model, pure V-A 
interaction is expected with p = 0.75, r / =  0, s c = 1, 
and t~ = 0.75. 

The experimental results of the last few years 
on p = 0 . 7 2 7 i 0 . 0 3 3  [7], on the 7 neutrino 
helicity h~ = - 1 . 0 1 4 + 0 . 0 3 6  [8-11],  and on 
I~l =0.90- t -0 .154-0.10 [12] agree well with the 
Standard Model predictions. 

We report here on a new precise measurement of 
the Michel Parameter p in 7- ~ e~p decays together 
with the first measurement of the Michel Parameter 
~7 in 7"~/X~p decays. The analysis was performed 
with the ARGUS detector operating at the e+e - stor- 
age ring DORIS II. The data sample, corresponding 
to 455 pb -1 and containing about 450000 produced 
7"+7"- events, was collected at center-of-mass ener- 
gies between 9.5 and 10.6 GeV. The ARGUS detec- 
tor and its trigger requirements have been described 
in detail elsewhere [ 14]. Particles were identified by 
coherently combining the available information from 
drift chamber, time-of-flight counters, electromagnetic 
calorimeter, and muon chambers into global likeli- 
hood ratios. Particles with a pion likelihood ratio larger 
than 5% were considered to be pions. For electrons, 
the corresponding ratio was required to exceed 80%. 
Muon identification was performed by selecting tracks 
with associated hits in one of the outer layers of the 
/x-chambers and an energy deposition in the shower 
counters less than 0.5 GeV. 

While the shapes of both electron and muon mo- 
mentum spectra in 7" decays are sensitive to the Michel 
parameter p, the r/parameter affects only the shape of 
the muon spectrum. The value of ~7 has no effect upon 
the electron momentum spectrum because the term in 
expression ( 1 ) depending on r/contains the very small 
factor me/m~-. The dependence of electron and muon 
spectra on the Michel parameters in the r rest frame 
is illustrated in Fig. 1 where we present two theoret- 
ical spectra calculated for different values of the pa- 
rameter p (0.75 and 0) with a fixed value of r/ = 0 
(Fig. 1A) and the same spectra representing different 
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Fig. 1. Theoretical predictions for the electron spectrum with p = 0.75 and p = 0 (A) and of the muon spectrum with ~7 = -0.5 and 
~7 = 0.5 (B) 

values o f  the parameter r/ ( - 0 . 5  and 0.5) ii with a 
fixed value of  p = 0.75 (Fig. 1B). For all values of  
the Michel parameters the spectra are normalizied to 
equal number of  events. 

In the laboratory frame at x/~ around 10 GeV 
the dependence of  the lepton momentum spectra on 
the Michel parameters is substantially diluted by the 
Lorentz transformation. The maximum sensitivity to 
the Michel parameters p and r/ is achieved in the 
r rest frame. In order to perform the Lorentz boost 
into the r rest frame, the r four-momentum has to 
be known. The 7- energy is determined by the beam 
energy of  the storage ring up to initial state radiative 
corrections. The direction of  the r cannot be exactly 
reconstructed since the neutrinos escape detection. 
It can, however, be inferred from the direction of  
the system of  charged hadrons originating from the 
decay of  the other 7- lepton in the event which is re- 
quired to decay into (3h)  ± or (3h)+qr  °. Due to its 
relatively high mass this system gives a good approx- 
imation to the flight direction of  its parent 7- [ 15] 
and, consequently, of  the 7- under study since both 
7- leptons are flying back-to-back. The rest system 

H In the most  general  case the parameter r/ can vary from - 0 . 5  

to 0.5 i f  the parameter  p is fixed to 0.75 

determined with this approximation is called "pseudo 
rest frame". Monte Carlo calculations show that this 
approximation works well both for 7- ~ ( 3 h ) ± v  and 
7- ~ ( 3 h ) ± ~ ° p  decays. Both 3-prong modes were 
used for this analysis. 

The expected momentum spectrum of  electrons 
from r ~ eP~, decays in the r pseudo rest frame is 
shown in Fig. 2A for two values of  the parameter p. 
The statistical accuracy of  the p parameter measure- 
ment which corresponds to the size of  the ARGUS 
data sample has been estimated with Monte Carlo 
calculations. A series of  statistically equivalent sam- 
ples was generated with p = 0.75 and then fitted to 
theoretical models with arbitrary values of  p. Per- 
forming this procedure both in the laboratory system 
and in the 7- pseudo rest frame we have found that 
the accuracy of  the p measurement is higher in the 
r pseudo rest frame by a factor of  1.5. A similar 
investigation for the r/ parameter leads to a gain in 
precision by a factor of  2. The spectrum of  muons 
from r ~ / x ~ v  decays calculated in the pseudo rest 
frame for r /=  - 0 . 5  and r / =  0.5 with a fixed value of  
p = 0.75 is shown in Fig. 2B. 

The selection criteria used for this analysis are sim- 
ilar to those applied in other investigations of  7- decays 



444 ARGUS Collaboration/Physics Letters B 341 (1995) 441-447 

b 

1.2 

~ 8  

0.6 

0.4 

0.2 / '  

o/, 
o 

A 
- .  _ _  p =  0 . 7 5  

\ 

0.5 1 1.5 
P(e)  GeV/c  

"~ ~ ~ 1"2 f 

. ~  - 

"~ 0.8 

0.6 

0.4 

0.2 

B 
_ _  ~ =  - 0 . 5  

¢/~-,~,~ , \  . . . .  ~= 0 .5  
A 

P~ons 

! 

i I 

i I 

i I 

I// 
t t \ \  

i I 

0.5 1 1.5 
P(~t) GeV/c  

Fig. 2. Prediction for the spectrum of electrons with p = 0.75 and p = 0 (A) and for muons with r / =  - 0 . 5  and r / =  0.5 together with 

the pion spectrum of the decay r ----, ~'u (B) 

[8,9,13]. Firstly, we have applied cuts common to 
~" ---+ e f t ,  and ~- --+/zFu decays. Events were selected 
by requiring exactly four charged tracks originating 
from the interaction vertex with a charge sum of zero. 
Each track has to have a transverse momentum Pt > 
0.06 GeV/c.  Tau leptons are produced back-to-back 
with large momenta, so their decay products point into 
opposite hemispheres. To exploit this feature we re- 
quire that the opening angle between the single-prong 
and each particle on the three-prong side should be 
larger than 90 ° . The opening angles between each pair 
of  particles on the three-prong side are required to be 
less than 90 ° . To ensure good trigger conditions we 
require the one-prong track to point into the barrel re- 
gion of  the detector by restricting the polar angle to 
the region I cos 01 < 0.75. 

Along with the decays of  r pairs there exist several 
physical processes which can satisfy the topological 
requirements described above: 

(1) Radiative Bhabha- and /z/z-events with one 
photon converted into an e+e - pair close to the in- 
teraction vertex. These events are characterized by 
a small value of  the summed transverse momentum 
(Pt  = I~-']ptl) and high energy deposited in the 
calorimeter Etot. 

(2) Two-photon interactions. Their products have 
small Etot and Pt values since both initial electron and 
positron escape down the beam pipe. 

(3) Exclusive resonance decays: Y(2S)  --+ 
Y ( 1 S ) ~ + T r - , Y ( 1 S )  ~ l+l - .  

(4) Multihadron events. 
To reduce these backgrounds to a negligible level 

the following cuts are used. The scalar momentum 
sum ~4=1 IP;I for all charged particles is required to 

be larger than 2.7 GeV/c  and less than 0 .92 .  v ~.  
Furthermore we apply a heuristic cut on the relation- 
ship between the transverse momentum balance and 
the total visible momentum of charged particles [9].  
The energy deposited in the shower counters on the 3- 
prong side has to be smaller than 3.5 GeV/c.  The an- 
gle 0 + between oppositely charged particles on the 3- 
prong side is required to satisfy the condition cos 0 ± < 
0.992. Photons are identified as energy deposits in the 
shower counters not associated with a charged track. 
Their energy has to exceed 80 MeV. In order to sup- 
press multihadron background, at most two photons 
are allowed on the three-prong side of  the event. These 
selection criteria reduce the backgrounds (1) ,  (2) ,  
and (3) to the level of  5 events which are neglected 
in the further analysis. 
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Secondly, we have applied cuts specific to the decay 
channels ~- --o e~v and a- ~ / z ~ v ,  respectively. Elec- 
trons are required to have momenta above 0.4 GeV/c 
where the identification efficiency is around 90% or 
higher and the pion fake rate is 0.5% [ 14]. We re- 
stricted the number of photons on the one-prong side 
to be at most one with an energy not larger than 300 
MeV. This leaves ~- ---+ e~v decays with final-state ra- 
diation unaffected while removing background from 
other single-prong r-decays with neutral pions. Fi- 
nally we have obtained 4725 electron candidates from 
our data sample. The remaining background was es- 
timated to be 14 events coming from ~" ~ ~rv decays 
and 10 events from multihadron interactions. 

For muons, conceivable background sources to 
~- ~ #~v from other ~- decays consist of the following 
channels: 
- The decay ~- ~ e~v was suppressed by requiring 

the electron likelihood ratio of the charged track to 
be below 0.5. 

- The decays ~- -  --~ p - v ,  p -  --+ 7r-qr ° and T -  --~ 

a~v, a]- ~ ~r-Tr°cr ° were reduced by not allow- 
ing any photon on the one-prong side. The contri- 
bution from events with overlapping charged pions 
and photons was decreased by requiring the energy 
deposited in the calorimeter by the one-prong par- 
ticle to be less than 0.5 GeV. 

- At momenta in the pseudo rest frame, pps, below 0.6 
GeV/c, the background contribution from ~" --+ ~v 
events is very small for kinematical reasons (see 
Fig. 2B), and no muon identification is necessary. 
Pion-muon separation is essential for Pps > 0.6 
GeV/c. This region is mainly populated by muons 
with high momenta in the laboratory frame, Plab- 
Thus, muons were accepted if they were positively 
identified and ifplab exceeded 1.5 GeV/c where the 
identification efficiency is constant at a level of 80% 
and the pion fake rate is 2.5% [ 14]. Muon candi- 
dates with Pps > 0.6 GeV/c and Plab < 1.5 GeV/c 
are ignored, and the corresponding efficiency loss 
has been taken into account. 

The number of events for the two parts of the muon 
spectrum (below and above 0.6 GeV/c in the pseudo 
rest frame) is presented in Table 1 along with the 
remaining backgrounds. 

These backgrounds and the acceptance for the in- 
vestigated ~- decays were determined by a Monte Carlo 
simulation of the detector [ 16] using KORALB [ 17] 

Table 1 

Backgrounds and number of events for the soft and hard part of  
the muon spectrum 

Reaction Number of  events 

Pps < 0.6 G e V / c  ~" ---~ p v  1 1 9 4 - 1 2  

r---~ Irv 6 1 + 8  

e+e  - ---~ q~ 3 9 4 - 7  

~- ---+ K*p 304-  I0  
~" ---+ e~v 1 5 4 - 5  

7 ---+ K v  15-4-6 
other r decays 13 4- 7 

7" ---+/.z~v 1741 4- 51 

pps > 0.6 G e V / c  ~" ---* ~'u 5 1 4 - 1 1  

r--'* p v  5 4 - 3  
e+e  - - -~q~ 7 4 - 3  

~" ---* /x~v 17744- 44 

for r+~ -- pair generation with initial state radiation 
and TAUOLA [ 18 ] for ~- decays including PHOTOS 
[ 19] for final state radiation. The generator has been 
modified for this analysis in order to generate ~- ~ l~v 
decays with arbitrary values of Michel parameters p, 
r/, s c, and & [20]. The trigger efficiency has been de- 
termined to be about 96% from the analysis of coin- 
cidences of different trigger types. 

The efficiency corrected and background subtracted 
spectra of electrons and muons in the pseudo rest 
frame are shown in Figs. 3 and 4. The analysis of these 
spectra allows to deduce the Michel parameters. The 
electron spectrum which is not sensitive to r/has been 
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Fig. 3. Efficiency corrected electron spectrum in the a" pseudo rest 
frame (full points)  and the result of  the fit with the parameter 
p = 0.735 (dashed line) 
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Fig. 4. Efficiency corrected muon spectrum in the r pseudo rest 
frame (full points) and the result of the fit with the parameter 
r/= 0.03 (dashed line) 

used to determine the value of p. 
Using the fact that the momentum spectrum depends 

linearly on the parameter p we fitted the data with a 

combination of the spectrum expected for p = 0 and 
the spectrum expected for p = 0.75, expressing the rel- 

ative weights of both contributions in terms of the pa- 
rameter p. The fit gives Pe = 0.735 + 0.036 in perfect 
agreement with the world average value and the V-A 
theory prediction. The accuracy of the new ARGUS 
measurement is comparable with that of the world av- 
erage. A considerable improvement of the accuracy 
has been achieved by performing the analysis in the 
~- pseudo rest frame. The different sources of system- 
atic errors on the p measurement are listed in Table 2 
which includes the uncertainty from differently mod- 
elling the r ~ ( 3 h ) + v  and r --~ (3h)+qr°v channels, 

in particular the error on their relative branching ra- 
tios. Adding them quadratically we obtained the final 

result Pe = 0.735 ± 0.036 ± 0.020. 
TO extract the second Michel Parameter r /we  have 

studied the pseudo rest frame momentum spectrum of 

Table 2 
Contributions to the systematic error on the p measurement from 
the decay ~" ~ eFv 

Uncertainty Systematic error 

Electron identification efficiency 0.012 
Trigger efficiency 0.010 
BR(r ~ ( 3 h ) ± ~ ) / B R ( r  ~ (3h)-l-Tr°u) 0.010 
Backgrounds 0.004 

Fig. 5. Theoretical limits for the Michel parameters p and "r/ for 
all possible couplings. The full point denotes the Standard Model 
prediction. The large ellipse represents the one sigma contour 
obtained for the parameters p and r/ from the muon spectrum 
only. The small ellipse represents the same contour obtained from 
the combined fit of electron and muon spectra. 

muons from the decay ~- -- , /z~l ,  (Fig. 4).  In the most 
general case the muonic decay of T lepton can differ 

by its space time structure from the electronic one. 
So one should try to determine the Michel parameters 
separately for these two decays. We have performed 
a three parameter fit of the muon spectrum with p, 
r/ and a normalization parameter. The fit results in 
p~ =0.712- t -0 .103 and r/u =0.01 ± 0 . 3 4  The one 
sigma contour of the error ellipse in the p - r /p lane  is 
shown in Fig. 5 (the large ellipse) together with the 
theoretically allowed region for the fitted parameters. 
The fit of the muon spectrum itself does not allow to 
make restrictive constraints on the values of Michel 
parameters due to the high correlation between the 
fitted parameters. With the additional assumption 
about the equality of the parameter p in ~- --~ e ~ ,  
and T ~ / z ~ v  decays, we have performed a com- 
bined fit of electron and muon spectra. The fit gives 
Pe~ = 0.732 ± 0.034 and r/ejz = 0.03 4- 0.18. The one 
sigma contour of the error ellipse is also shown in Fig. 
5 (the small ellipse). The different sources of sys- 
tematic errors are listed in Table 3. Summing the sys- 
tematic uncertainties quadratically, we have obtained 
the Michel parameters Pep. = 0.732 ± 0.034 ± 0.020 
and r/e~, = 0.03 ± 0.18 ± 0.12. 

Changing the value of the minimal energy de- 
position which is identified as photon within a 
6 0 - 1 0 0 M e V  range and the allowed value for 
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Table 3 
Contributions to the systematic error on the measurement of ~7 
from the decay ~" --~/zTu 

Uncertainty Systematic error 

Muon identification efficiency 0.08 
Backgrounds 0.08 
Trigger efficiency 0.03 
BR(~" ~ (3h)4-u)/BR(~ " ~ (3h)±Tr°v) 0.03 

the energy depos i t ion  o f  1-prong tracks wi thin  a 

4 0 0 - 8 0 0  M e V  range  ( the  last for  selected m u o n s ) ,  

we have  found that our  results remain the same within  

the statistical errors. 

To conclude ,  we  have presented a "pseudo rest 

f rame"  me thod  for  measur ing  the energet ic  Miche l  

parameters  in leptonic  ~- decays.  Ana lyz ing  the spec- 

t rum o f  e lect rons  f rom r ~ e ~ v  decays,  we  have 

obta ined  the so far mos t  precise  value o f  the pa- 

rameter  Re = 0.735 -t- 0 .036 + 0 .020 which replaces 

our  earl ier  result  in Ref.  [13] .  Us ing  the addi-  

t ional  assumpt ion  about  the universal i ty o f  ~- decays,  

we  have de te rmined  the second Miche l  Parameter  

~e/z = 0.03 i 0.18 + 0 .12 f rom the combined  fit o f  

m u o n  and electron spectra. Our results agree wel l  

wi th  the Standard Mode l  predic t ions  o f  p = 0.75 and 

r / - - 0 .  

447 
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