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A b s t r a c t 

Untill the end of the 1991 data talcing period, the four L E P experiments have collected 
about 80,000 T+T~ pairs. Many precise measurements of the production and decay 
properties of the r lepton at the Z° resonance have been performed. Very accurate 
measurements of the r lifetime along with measurements of inclusive and exclusive 
branching ratios provide interesting consistency tests in r decays. Measurements from 
L B P confirm nonzero values of the average polarization of the r, starting to yield precise 
measurements of the weak mixing parameter s in 2 $w. A test of CP invariance in T + T ~ 
production has been performed. 
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1 Introduction 
Although much has been learned about the r lepton since its discovery in 1975 [l], our 
knowledge of this fundamental constituent of nature is still far inferior to that of its lighter 
sisters, the electron and the muon [2]. Important discrepancies remain in our understanding 
of its decay properties. Being heavy enough to decay to hadronic final states and having 
a lifetime short enough for it to decay inside our detectors, the r constitutes an important 
laboratory for testing fundamental aspects of the elect roweak interaction. High statistics 
samples of T+T~ pairs are being collected by the four LEP experiments. Apart from providing 
unique measurements of the coupling of the r to the Z°y these begin to provide high precision 
measurements of fundamental parameters of the r lepton. 

The decay Z° —* T+T~ is characterized by having two low multiplicity, highly colli mated 
back-to-back jets consisting of charged particles and neutrals. The undetected neutrinos 
from the r decays lead to significant missing energy. The background from multihadron 
production at LEP energies is characterized by a relatively high charged multiplicity and 
is thus easily reduced. Backgrounds from e + e~ —* e + e~ and e + e~ —* p+ft~ leave very 
characteristic signatures in the LEP detectors, all possessing good charged-particle tracking, 
electromagnetic calorimetry and muon identification. Radiative events, e+e~ —* e+e~f and 
e + e" —* /x +/i~7, can be correctly identified due to the good hermeticity of the calorimetry. 
Finally, the background from two-photon collisions, e + e~ —» (e+e~)Xt where the final state 
electron and positron escape undetected at low scattering angles, is also easily reduced. 
Firstly, the two-photon processes are not enhanced by the Z° resonance, and secondly the 
X final state is easily recognized due to its characteristic low momentum particles, high 
acolinearity, and transverse momentum balance. As a consequence of the naturally low 
background, high purity r samples can be attained without sacrificing selection efficiency or 
introducing strong decay channel or momentum biases. 

The organization of the review is as follows. First the r lifetime measurements are 
discussed; the succeeding sections, which cover the topological and exclusive branching ratio 
measurements, include a discussion of two long-standing controversies in r decays and a 
derivation of at from the r hadronic width; the r polarization measurements are discussed 
next; finally a test of CP-in**riance in T*T~ production is summarized. 

2 Measurement of the r lifetime 
The r lepton has an average lifetime of about 300 fs, which due to the high Lorentz boost at 
LEP (7 ~r 25.5) leads to an average decay length of about 2.3 mm. Basically two variables 
are exploited to extract the lifetime information: the decay length measured in 1-3 (and 3-3) 
topologies and the impact parameter measured in 1-1 topologies. Accurate measurements 
of both variables require high resolution tracking of charged particles with high precision 



extrapolation back to the r decay point. 

The moet direct way of determining the r lifetime is by a measurement of the distance 

from the T production point to the r decay point. In practice the projection on the plane 

perpendicular to the beam direction is measured. The r production point is taken as the 

average position of the beam collision point determined through the observation of multi-

hadronic Z® decays. The decay vertex is reconstructed in 3-prong decays by fitting the three 

final state tracks to a common vertex. Measurement uncertainties arise from the reconstruc

tion of the decay vertex, from the assumption that the T+T~ pair is produced at the center 

of the beam spot (auoriz «s 15^m, øVeri ~ 140/i-m), and from the assumption that the r 

direction coincides with the event thrust axis. 

The impact parameter is defined as the closest approach of the track extrapolation to the 

assumed r production point. The sign is defined according to whether the intersection of 

the track with the event thrust axis occurs upstream or downstream of the production point. 

In principle all r decays should have positive impact parameters, but due to measurement 

uncertainties negative values occur. The average impact parameter at LEP energies is about 

50pm. The lifetime information is traditionally derived from the measured impact parameter 

distribution directly. This measurement relies heavily on Monte Carlo simulation. Several 

samples with different lifetimes are generated and the relationship between the measured 

impact parameter distribution and the lifetime is extracted. Measurement uncertainties 

arise mainly from the lack of knowledge of the exact r production point due to the finite 

beam spot size and from the assumption that the r direction coincides with the thrust axis. 

ALEPH has developed two new methods for measuring the r lifetime in 1-1 topologies: 

the impact parameter difference (iPD) and the impact parameter sum (IPS) methods. In 

the IPD (IPS) method the lifetime is extracted from the correlation between the difference 

(sum) of the two impact parameters and the difference (sum) of the two azimuthal angles 

between the r and its decay products (for details, see Ref. [3]). The IPD method has the 

advantage that it is basically independent of Monte Carlo simulations and of the r direction 

of flight but it is sensitive to the uncertainty on the r production point. The IPS method, 

which is strongly dependent on both the simulation and the r direction, is on the other hand 

independent of the production point. 

All four collaborations have published lifetime measurements based on the data collected 

during the 1990 LEP run [4,5,6,7] . The average lifetime derived from these measurements of 

r r = 302 ± 9 fs is consistent but barely competitive with the world average lifetime without 

LEP of rr = 303 ± 8 fs [8]. Very accurate measurements based on the 1991 data have 

started to arrive from ALEPH and DELPHI. Both collaborations base their measurements 

on high precision vertex detectors consisting of 2 or 3 concentric layers of silicon microstrips 

positioned right outside the beam pipe at radii between 6 and 11 cm. A space point resolution 

of better than 10 fim in the r<f> projection resulting in an impact parameter resolution of 

about 25 /im and a decay length resolution of about 600 /tm is typical for these detectors. 
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ALEPH DELPHI L3 OPAL 

Published results 1990: 
Decay Length 294 ± 2 5 ± 1 1 310 ± 3 1 ± 9 302 ± 36 ± 21 327 ± 1 7 ± 1 1 
Impact Parameter 293 ± 17 ± 10 321 ± 36 ± 16 318 ± 28 ± 37 293 ± 13 ± 13 
— Difference 285 ± 17 ± 6 

Combined Methods 295 ± 10 ± 5 314 ± 25 309 ± 23 ± 30 308 ± 13 
Preliminary results 1991: 

Decay Length 295 ± 10 ± 5 301 ± 12 ± 8 
Impact Parameter 316 ± 14 ± 10 
- Difference 309 ± 10 ± 6 
- Sum 290 ± 6 ± 6 

Combined Methods 296 ± 5 ± 4 307 ± 9 ± 6 
1990 + 1991 295 ± 6 308 ± 10 

Table 1: r lifetime measurements (fs) from LEP. Where two uncertainties are given, the first 
is statistical the second systematic. 

Table 1 summarizes the r lifetime measurements from LEP. For the measurements based 
on the 1990 data-sets, only DELPHI made use of a silicon microstrip vertex detector. For 
the 1991 running period ALEPH and OPAL have also installed such detectors. The resulting 
improvement in the ALEPH decay length measurement is significant. This method now 
provides the smallest systematic uncertainty for all four experiments. The IPD method 
of ALEPH shows only statistical improvements compared to last years analysis. The IPS 
method with a similar systematic accuracy, shows a markedly higher sensitivity to the lifetime 
information, and thus provides the most precise measurement from ALEPH. The preliminary 
result from DELPHI is based on a partial 1991 data-set and the statistical precision will thus 
improve. Furthermore, in addition to probable systematic improvements of the traditional 
methods, some improvements are likely to come from a study of the new methods pioneered 
by ALEPH. L3 and OPAL have not yet released their new measurements. Taking into account 
the nice 1990 measurement by OPAL, the two times higher statistics of 1991, and their silicon 
vertex detector, a very precise measurement is likely to come from this collaboration as well. 

The combined result of the LEP experiments of r r = 300 ± 5 fs is now considerably 
more precise than the non-LEP world average, with which it is nicely consistent. With the 
realization of the 1991 analyses, and the additional statistics currently being collected, the 
precision of the LEP experiments will show further improvements soon. 

3 Measurement of topological branching ratios 
The r lepton must decay to an odd number of charged particles. The high multiplicity decay 
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% B[T —* 1-prong) B{T —» 3-prong) B{T —* 5-prong) 
ALEPH 
L3 
OPAL 

85.45ig.-g ± 0.65 14.35iS^S ± 0.24 O.lQtoM ± 0-03 
85.6 ± 0.6 ± 0.3 14.4 ± 0.6 ± 0.3 < 0.34 
85.39 ± 0.46i§;£ 14.50 ± 0.46i£5? 0.11 ± 0.08iS;if 

LEP Average 85.48 ± 0.44 14.40 ± 0.34 0.10 ± 0.05 
PDG 1990 86.13 ±0.33 13.76 ±0.32 0.11 ±0.03 

Table 2: Topological branching ratios of the r. 

modes are severely suppressed; the 1 and 3-prong modes account for about 99.9% of the total 
decay width. The determination of the topological branching fractions is fundamentally a 
counting measurement where the number of decays into 1, 3, 5,... charged particles (prongs) 
are determined. In practice tracks may be lost due to overlaps, dead regions, and interactions; 
or additional tracks may appear due to converted photons, Dalitz decays, and hadronic 
interactions inside the tracking volume. These effects can be well understood and corrected 
for by studying r decays in a detailed Monte Carlo simulation of the experimental setup. 

The results obtained by ALEPH [9|, L3 [6|, and OPAL [10] are listed in Table 2. The 
average value for B(T —» 1-prong) falls 0.65% below the previous world average. Following 
this, and the the strong anti-correlation between the two, £ ( r —* 3-prong) falls 0.64% 
above the previous world average. Further statistics is needed for the LEP collaborations to 
make precise measurements of the 5-prong branching ratio. The existing measurements are, 
however, consistent with the world average. 

4 Measurement of exclusive branching ratios 
The exclusive branching fractions of the r have for a long time been subject to intensive 
investigations. Some controversy exists mainly in the 1-prong channel, where the sum of 
the exclusive branching fractions, found by averaging many generally low precision measure
ments, does not fully account for the measured 1-prong topological branching fraction. Using 
the latest world-average values, the observed deficit amounts to 4-6%, depending on how 
many theoretical assumptions are made about some experimentally poorly known branching 
fractions. The small decrease in the 1-prong branching fraction indicated by the LEP data 
docs not suffice to explain completely this discrepancy. 

4.1 Leptonic decays 

The leptonic branching fractions are the simplest to measure because of the considerable 
redundancy available in the typical LEP detector for identification of electrons and muoni. 
Electrons are characterized by depositing all their energy in the electromagnetic caloriractry. 
The energy deposition» are expected to match wHI the momentum of the associated track. 

4 
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% T —> eUV T —* fl&V 

ALEPH 
DELPHI 
L3 
OPAL 

18.09 ± 0.45 ± 0.44 17.35 ± 0.41 ± 0.33 
18.6 ± 0.8 ± 0.6 17.4 ± 0.7 ± 0.6 
17.7 ± 0.7 ± 0.6 17.5 ± 0.8 ± 0.5 
17.8 ± 0.4 ± 0.4 17.2 ± 0.4 ± 0.4 

LEP Average 17.98 ± 0.36 17.32 ± 0.35 
PDG 1990 17.73 ± 0.29 17.62 ± 0.32 

Table 3: Leptonic branching ratios of the r. 

and the showers usually start early, are narrow and of regular shape. At low energies, where 
the calorimetric separation of electrons and hadrons is most difficult, the separating power 
of the ionization in the tracking chambers, dE/dx, is at its maximum. Muons are easily 
identified due to their characteristic signature. Behaving as minimum-ionizing particles in 
the electromagnetic and the hadronic calorimetry, they penetrate to muon tracking chambers 
outside the calorimetry. 

The leptonic branching ratios obtained by the LEP collaborations are presented in Ta
ble 3 [9,11,6,12], The combined LEP measurements show good agreement with the previous 
world averages, which are still slightly more precise. A check of e-p universality can be per
formed by comparing the electron and muon decay widths: T(T —* IIVV)IT(T —» evu) = 
0.963 ± 0.025. This is in good agreement with the theoretical expectation of 0.973, where 
the small excursion from unity is due to the mass of the muon. Assuming e-fi universality, 
the statistics of the electron and the muon can be combined to obtain a more precise value 
for the average (massless) leptonic branching ratio: 

B + -SM-
B, = ' »•»" = 17.88 ± 0.26%. (1) 

This value is used later in the review. 

4.2 The consistency problem 

In the Standard Model, the hypothesis of leplon universality leads to a simple relationship 
between the partial widths for r ~* e&v and p —• evu. This relationship can be expressed as 

©'-(se)'*--* « 
where G, and C„, the Fermi coupling constants of the r and the p to the charged weak 
current, are equal in the Standard Model. Using for B(T —• c&u) the average r leptonic 
branching ratios defined above, one finds from the world-average non-L-EP dala [8| C,/G„ = 
0.972 ± 0.015. Combining this with the result of the LEP data of C / G * = 0.977 ± 0.012, 
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one finds the new world average G r/G^ = 0.975 ± 0.010. Here the uncertainty arises from 
uncertainties on r r (0.007), on the leptonic branching ratio (0.005), and on mr (0.004). The 
LEP measurements support the longstanding discrepancy, and increase the deviation from 
unity from 1.9 to 2.5 standard deviations. It can be noted that three of the LEP experiments 
are internally consistent with unity within one standard deviation. OPAL, with the lowest 
Gr/Gft value, observes a 1.7 standard deviation effect. As for the non-LEP data, it is only 
when the individual measurements are combined that the deviation becomes significant. It 
may also be important to notice that the world average r mass, mr — 1784.1*3;6 MeV, is 
completely dominated by the 1978 DELCO measurement, mT = 17831J MeV. The ARGUS 
collaboration presented at this conference a nice analysis, where the r mass is derived from 
the endpoint of the pseudo mass in r -> axvT —* 3irer decays [13]. This analysis indicates a 
T mass 8 ± 4.5 MeV below the current world average. Very recently this measurement has 
been confirmed by a preliminary very precise measurement of m r = 1776.9 ± 0.4 ± 0.3 MeV 
from the BES experiment at BEPC in Beijing. As in the DELCO measurement, this result is 
derived from the behaviour of the cross section at the T+T~ threshold. Using the BEPC value 
it is found that G r / G p = 0.985 ± 0.009. Even though the agreement with unity improves, it 
seems that the r mass cannot alone explain the consistency problem. 

4.3 ott from the total hadronic width of the r 

The ratio between the total hadronic and the (massless) leptonic decay widths of the r, given 

V{r — luTux) 
can, «turning the completeness relation Bhadrona + B< + B^ — ly be calculated from the 
measured leptonic branching ratios 

1 — R — R I 
Rr = g K = -g- - 1-973 = 3.62 ± 0.08. (4) 

Bi Bi 
The perturbative QCD correction to Rr has been calculated to third order in a, [15). Both 
non-pcrturbative effects, which have been found to be small, and weak corrections have been 
calculated. Using the theoretical expression for Rrt one obtains a,(mT) = 0.334*o;o2g. As a 
rough estimate of the higher order theoretical uncertainty it can be observed that the 0{a*) 
and O(aJ) results differ by 0.045. Adding this theoretical uncertainty in quadrature to the 
experimental uncertainty, one obtains the final result 

ci.(m.) =0.334 ±0.053. (5) 

This value is significantly larger than the results of a.("i/) derived from other LEP mca 
surementa |16|, and thus supports the running of a,, as expected from QCD. Using the third 
order renormalization group equation [I7|, the result can be evolved from the r to the Z° 
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Channel ALEPH PDG 1990 
e&e 18.09 ± 0.64 17.9 ± 0.4 
M^ 17.35 ± 0.55 17.8 ± 0.4 

<K) 12.55 ± 0.55 11.6 ± 0.6 
P 24.56 ± 1.09 22.6 ± 1.1 

ir2ir° 9.85 ± 1.05 7.5 ± 0.9 
7T>3X° 1.53 ±0.61 3.0 ± 2.7 

3ir 8.93 ± 0.74 6.7 ± 0.6 
3ir > 1TT° 4.95 ± 0.71 4.6 ± 1.0 
5T > Oir° 0.10 ±0.05 0.114 ± 0.027 

Table 4: Result of the ALEPH quasi-exclusive branching ratio analysis. In this table, the 
results corrected by ALEPH for contributions from K' and xu> final states are presented. 
These states are assumed to contribute (1.4 ± 0.2)% and (1.6 ± 0.5)%, respectively. 

% T —> v(K)v T —» pV 
ALEPH 
DELPHI 
OPAL 

12.55 ± 0.44 ± 0.33 24.56 ± 0.69 ± 0.84 
11.9 ±0 .7 ±0 .7 22.4 ±0 .8 ± 1 . 3 
11.7 ± 0 . 5 ± 0 . 5 

L E P Average 12.2 ± 0.4 23.8 ± 0.9 
PDG '90 11.6 ±0 .6 22.6 ± 0 . 9 

Table 5: Measured hadronic branching ratios for the decay modes r —* ir(K)u and r —• pi/. 

mass scale: 
o,("iz) = 0.123 ± 0.003 ± 0.005 ± 0.001. (6) 

Here the first error is experimental, the second is from higher order QCD, and the third 
comes from the extrapolation due to the uncertainty on the mass scale to be used. The 
final result is in good agreement with other determinations of a, from LEP, and it shows a 
competitive accuracy. 

4.4 Hadronic decays 

Results on the hadronic branching fractions of the r have been presented by ALEPH |9), 
DELPHI (1I| and OPAL [12]. Whereas ALEPH has performed a so-called quasi-exclusive 
analysis, where each r decay is classified according to a set of predefined categories, the two 
other collaborationi have performed fully exclusive analyses of selected channels, where the 
final slate is required to be completely identified. 

For their quasi-exclusive analysis, ALEPH defines eight categories, corresponding approxi
mately to the decay modes r -« tuv, r -• nuv, r —• *(K)u, r -* pv, r ~* x2ir0i/, r —• w3ir0i', 
r — 3xu, and finally a category which contains decays of the type r — S*v and r — Znx°v. 
A sample of 8429 r decays with fixed normalisation Vnown from the measured luminosity 
and the known T*T~ cross section (in practice, determined by the number of multihadronic 
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events observed in the same data sample) is distributed according to these categories. This 
classification depends critically on the fine transverse and longitudinal granularity of the 
ALEPH electromagnetic calorimeter for identification of photon pairs from ir°'s. The result 
of the study is presented in Table 4. The sum of the branching ratios is consistent with 
completeness: £ f = 1 B,- = (100.4 ± 1.8)%. Each resulting category is analysed in terms of 
momentum and invariant mass distributions and compared to Monte Carlo samples. Good 
agreement between Monte Carlo and data is generally observed, and no hints for unknown 
decay modes are seen. The results of the quasi-exclusive analysis have been checked against a 
completely exclusive analysis of states with x°'s in the final state. This analysis confirms the 
result of the quasi-exclusive analysis, but with larger statistical uncertainties. In summary 
the ALEPH analysis sees no evidence of the "1-prong problem". This is caused by a general 
highness of the ALEPH branching ratios compared to the previous world averages. Large 
disagreements are observed for the two a t channels: the r —* ir2ir°i/ and r —* 3JTI/ modes are 
1.7 and 2.3 standard deviations higher than the world average, respectively. 

The two dominant hadronic decay modes, r —• *{K)v and r —• pv, have been studied 
by DELPHI. Results from this study along with an OPAL study of the pion decay mode are 
presented in Table S. The LEP average branching fractions for both modes are somewhat 
above the previous world averages. In both cases this is caused mainly by the ALEPH 
measurements, which are repeated from Table 4. Theoretical predictions for the branching 
ratios of the two decay modes are available in units of the electron branching ratio. From the 
LEP results one obtains BwiK}/B, = 0.678 ± 0.026 and B„/B, = 1.323 ± 0.045, which agree 
well with the theoretical predictions, 0.644 ± 0.009 coming from the tr —* fit/ decay width 
and 1.323 ± 0.045 coming from the e+e~ —• 7 —• T+X~ cross-section assuming CVC [18]. 

5 Measurement of the r polarization 
Fermions produced in Z° decays are polarized due to the different strength of their left-
and right-handed couplings to the weak neutral current. The average polarization is de
termined by the ratio between the vector and axial vector coupling constants of the firal 
state fermiors. At the peak of the Z° resonance, the polarization of the r" is approximately 
(Pr) ~ -2v,/ar ^ -2(1 - 4»in'^»), where i„ is the effective clectroweak mixing angle at 
the Z" 119|. The degree of polarization depends strongly on the production angle of the r~, 
being stronger in the forward than in the backward hemisphere. This leads to the for»"»rd-
backward polarization asymmetry over the complete solid angle AfH SB - (3/2)u. /o , . The 
polarization of the r is experimentally accessible through the measurement of its decay prod
ucts. Assuming the charged current of the decay process to have a pure V - A structure — 
an assumption consistent with experimental observations — the spin direction of the r will 
influence the momentum of its decay products. The simplest example is the two body decay 
r" -• TV, where in the rest frame of the r , the decay is forbidden for the «•" produced 
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along the direction of the r polarization. In the laboratory frame, the rest frame decay 
angle 9', can be found from the momentum of the pion. This leads to the decay distribution 

±g = l + />T(2,.-l), (7) 
where the pion momentum xr is expressed in units of the beam energy. For the leptonic 
decays r —> evv and r —* pvv, where the final state contains three spin-* particles, the 
situation is somewhat more complicated. The result is a reduced sensitivity given by the 
expression 

^£=\ [ ( 5 - 9 x ' + i x ' ] + P A 1 - 9 x < + 8 z ? ) ] • ( 8 ) 

For T —i pv —» irir°i/ and r —> a\V —» 3irf the helicity of the intermediate hadronic state 
can assume two possible values; 0 and —1. As the two helicities have competing effects on 
the decay angle distribution, it is necessary to access also the helicity information of the 
intermediate hadronic state, in order to maintain the full sensitivity of these channels. The 
polarization is thus extracted from a two-dimensional lit to the distribution of the decay 
angle 9' (derived as in the r —> TI/ case from the total momentum of the hadronic final 
state) and another angle rp which characterizes the helicity state of the vector resonance. 
For the p decay, ^ is the angle between the charged pion and the p direction; for the a t 

decay, <l> is the angle betweer the normal to the 3-pion event plane and the at direction [21 J. 

Experimentally, the measurement of the r polarization is a challenging task. As for the 
determination of the exclusive branching fractions, the backgrounds and identification effi
ciencies for each channel have to be known. But here, in addition, momentum dependencies 
have to be understood. Identification efficiencies and background levels are checked through 
detector redundancies and through extensive use of valuable control samples of electrons 
and muons and to a certain extent also pioas, which are available from the data. Non T+T~ 
backgrounds are usually small and the most serious background problems arise from con
fusion among the r decay channels. A particular important problem is the r —* -wv decay 
channel. This channel, whirh has the highest sensitivity to the polarization information, is 
characterized by • relatively low branching ratio and po»—»tial backgrounds from most of 
the more abundant decay channels. 

The measured values of (Pr) are listed in Table 6, along with the derived values for 
v r / a r . The difference in precision among the results of the four experiments can in part be 
attributed to the different dataset sizes being analysed for the present analyses. ALEPH |20|, 
DELPHI | l l | ,and OPAL [12] have published results bas»-d on 'heir 1990 data-sets. OPAL have 
updated their analysis with a partial 1991 data-set, whereas ALEPH and L3 have recently 
presented preliminary results based on their full 1991 data-sets. Combining the polarisation 
measurements of the four experiments results in an average polarisation (P,)'"' = -0.138± 
0.024 or v.la, - 0.069*0.012. From their data, OPAL has in addition measured the forward-
backward polarisation asymmetry A\?, - 0.20 t 0.08 or v. I a, - 0.14 t 0.06. Combining 
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Measurements of {Pr) 
Decay Mode ALEPH 90/91 DELPHI 90 
evv -0.152 ± 0.090 ± 0.061 -0.12 ± 0.22 ± 0.08 
jivv -0.226 ± 0.074 ± 0.037 -0.05 ± 0.18 ± 0.07 
*(K)v -0.107 ± 0.038 ± 0.024 -0.35 ±0.11 ±0.07 
pv -0.144 ± 0.037 ± 0.046 -0.24 ± 0.09 ± 0.07 
aiu ('90) -0.15 ±0.15 ±0.07 -
Combined -0.137 ±0.031 -0.24 ± 0.07 
« r / l r 0.069 ± 0.016 0.122 ±0.036 

Decay Mode L3 91 OPAL 90/91 Partial 
evv 
fiVV 
*(*> 

-0.078 ± 0.116 ± 0.072 
-0.108 ± 0 117 ± 0.059 
-0.147 ± 0.056 ± 0.048 

+0.03 ± 0.10 ± 0.08 
-0.10 ±0.11 ±0.10 
-0.04 ± 0.08 ± 0.07 

Combined -0.127 ±0.058 -0.03 ± 0.08 
vT/aT 0.064 ± 0.029 0.015 ± 0.040 

Measurements of A™: 
Decay Mode OPAL 
evv 
livv 
x(K)v 

-0.18 ± 0.22 
-0.21 ±0.17 
-0.22 ±0.13 

Combined -0.20 ± 0.08 
»,/a. 0.14 ±0.06 

Table 6: Measurements of the r polarization variables {Pr) and A^t. 

tfajs result with the average of the polarization measurements under the assumption of lepton 
universality, one obtains finally v/a = 0.071 i 0.012 or equivalently sin 20„ - 0.233 ±0.003 
The combined LEP measurement of sin2 $m is currently about three times more precise 
than this result [22]. This is, however, in part caused by the polarization analyses being 
somewhat late compared to the line-shape and forward-backward asymmetry analyses, which 
are currently dominating the measurement. With the completion of the 1991 analyses and 
with the new data arriving, the precision of the polarization measurement is likely to improve 
significantly in the i-iture. 

6 A test of CP-invariance in r¥r production 
In a recent analysts by OPAt,, a test of CP inrariancc in r*r production has been performed 
and a limit on the wrak dipolc moment of the r derived [23). Using the momenta qj of the 
final stat** particles, the following CP violating observable is constructed 

Tn 2 (q q j , ( q «q, )> (9) 
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Here the index 3 indicates the direction along the incoming electron. Theoretically T33 can 
be derived from the effective Lagrangian corresponding to the only CP-violating form factor 
at the ZTT vertex 

CCP = -\ifO^IST [drtfW^ + dT(g2)Z„\ . (10) 

Here F^, and Z^ are the electromagnetic and weak field tensors, and the form factors <Lr{q2) 
and dT(q2) are the electric and weak dipole moments of the r, respectively. At the Z° it is 
found that 

(Tz>U = < U s ^ . (11) 

where the sensitivity caf depends on the spin analyzing power of the momenta of the decay 
particles a and b. 

The analysis is based on a sample of 5558 Z -+ T+T~ events, where only 1-1 topologies are 
considered. The event sample is divided into three classes with different sensitivities: lepton-
lepton, lepton-hadron, and hadron-hadron. The T M distributions, which are constructed for 
each class, are nicely symmetric with no evidence of non-zero expectation values. Combining 
the classes, a 68% confidence limit on the weak dipole moment of the r of |dr\ < 3.8 X 10~ 1 7e-
cm is established. 

Observing that the decay width for Z° —» r+r~ is influenced by the CP-violating term in 
the Lagrangian, allows OPAL to establish the somewhat stricter limit: \dT \ < 2.8 X 10~17e<cm 
(68% cl). This limit is, however, based on the assumption that the CP-violating term is the 
only new physics term contributing to the Z° —» T+T~ decay width. The limit based on the 
observation of the CP-odd variable T33, c: the other hand, is little affected by theoretical 
biases. OPAL therefore chooses to quote this limit as their final result, which at the 95% 
confidence limit rer.ds \d,\ < 7.0 X 10~ 1 7e • cm. 

7 Conclusions 
Including the 1991 running period the four LEP experiments have collected about 80.000 
T+T~ pairs, from which numerous results on r production and decay have been extracted. 
Precise LEP measurements of the r lifetime and branching ratios along with preliminary 
non-LEP r mass measurements have re-directed attention to two long-standing controversies 
in r decays. The precision of the measurements does not yet fully suffice to draw firm conclu
sions on these controversies and further analyses are eagerly awaited. Valuable information 
on electroweak parameters have bren successfully extracted bom the measurement of the r 
polarization. No indications of CP-violation in the ZTT coupling have been found, and a 
limit on the weak dipole moment of the r consequently established. All measurements are 
statistics limited and the precision can be foreseen to improve significantly as new data are 
collected and the analysis proceeds. 
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