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ABSTRACT: The final results on the tau polarisation measured by the four LEP experi-
ments are presented here. In addition, a preliminary combination of these results taking
into account correlated errors for the first time is given. The 7 weak dipole moments, the

Michel parameters and the 7 lifetime are also reviewed.

1. Introduction

Each of the 7 leptons produced in ete™ — 777~ decays in the LEP environment. This
important property allows the measurements considered in this paper: weak dipole mo-
ments, longitudinal polarisation, Michel parameters and 7 lifetime. The 7 properties are
covered in the preceding order, and the conclusions are presented at the end.

2. Weak dipole moments

The weak dipole moments of the 7 are the tensorial couplings of the Z7 77~ vertex. They
are zero at first order in the Standard Model (SM). However, radiative corrections in the SM
predict small contributions for these terms [il]. Two types of weak dipole moments can be
distinguished: the magnetic term, p-, and the CP—violating electric term, d,. Considering
these terms in addition to the SM couplings v, and a,, the Z777~ current is

d
F(TZ) = de |vYH — aryHys + i Hr " q, + ——y50q, | . (2.1)
2m, 2m,

With this current and the SM currents for the other vertexes, the differential cross-section
for ete™ — 777~ with unpolarised beams can be expressed as [2]

do
d cosg,.

(§1,§2) = Ry + Z RioSi + Z R()jsg + Z Rijsisg . (22)
i—1,3 =13 ij=1,3
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R;; are functions of the fermion couplings

and 6,; and 57 and 53 are unit vectors for ALEPH® + 024+ 0.48 ALEPHO || -0.40 £ 1.06
measuring the spin of the 7+ and the 7=, |, | 000+ 2.80 s | o0eser
respectively, in their rest frames. Some ‘
X¥/dof = 0.007 / 1 i X¥/dof = 0.011 /1
R;; are well known. For example, Rgg = | cueww 3 cL=02%
. . LEP ‘ 0.23+ 047 LEP 4 -0.42 + 1.03
do /dcosg_ (the angular differential cross- M y
. L | L | ] L | il | ]
section), and (Ros); /Roo = Pr (thelon- 7% "5 N N
. . . . . Re(u) [107] Im(p,) [ 107]
gitudinal 7 polarisation ), taking the z ' '
T i T
axis parallel to the 7~ direction and de- A0 L osss 268 ALEPHO L | 425 466
: . = . _R.. o | O |
fining (RZJ)+/— = (RZJ +/ R]Z), Assu- DELPHI? | 148+ 265 DELPHI? | | -4.40 + 7.80
. . . . L3 ; -4.40 + 15.95 OPAL ] .50+ 5.80
ming the z axis along the 7+ direction ; * ~ D
OPAL La— 0.72+ 2.47
and the z — y plane containing the e, ‘ ‘
! XPldof=0.44/3 ' X?dof=1.22/2
the four most sensitive terms to the weak | cL-0% | cL=s4%
LEP Lol -0.46 + 1.48 LEP L o | -1.78 + 3.29

dipole moments are (R02)+’(R31)+’(R01)— 2 10 o 10 20 2 10 o0 10 20

18 .18
and (Rsz)_. The four second most sen- Re(d) [ 107" e.cm] m(d) [107" e.cm]

sitive terms to the weak dipole moments

are (R32)+, (R01)+, (Rs1)_ and (Roa)_, Figure 1: New ALEPH results on the weak dipole

T . . moments, previous results of the other LEP experi-
taking into consideration that a; >> ;. ments, the new LEP averages and the x2/dof of the

The ALEPH experiment has upda- hinations. The symbol (*) means preliminary
ted its measurement of Re(d;) and has regult.

measured the other weak dipole moments

for the first time [3]. The following terms are used for the first time with respect to any
preceding analysis of the weak dipole moments: (R32), (second order term), (R31), (first
order term) !, (R3;)_ (second order term). The ALEPH analysis also considers (Roz)_
(second order term) for the first time at LEP. Fig. & shows the results of this analysis and
the previous published and preliminary results of the other LEP experiments [5].

3. Longitudinal polarisation

ALEPH DELPHI L3 OPAL
A, 5A, | 0A, 5A, | 6A, 5A, | 6A, SA,

ZFITTER 0.0002  0.0002 | 0.0002 0.0002 | 0.0002 0.0002 | 0.0002 0.0002

7 br. ratios 0.0003 0.0000 | 0.0016 0.0000 | 0.0007 0.0012 | 0.0011 0.0002

Bhabha backg. 0.0000 0.0000 | 0.0012 0.0000 | 0.0000 0.0000 | 0.0000 0.0000
2-photon backg. || 0.0000 0.0000 | 0.0005 0.0000 | 0.0007 0.0000 | 0.0000 0.0000
radiat. correct.
& aj modelling || 0.0012 0.0008 | 0.0010 0.0000 | 0.0010 0.0001 | 0.0025 0.0005

Table 1: Most relevant common systematic errors on A, and A, for the four LEP experiments.

The longitudinal polarisation of the 7, P, is a precision electroweak observable mea-
sured at LEP. It provides an accurate determination of the effective weak mixing angle

'The use of (R31) . was suggested in ['_I]
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sin? G%f . P, depends on the 7 production

polar angle 6.- as follows With Universality, A, = 0.1465 + 0.0033
(X%/dof=4.7/7)
9 : e
- _ Ar(1+cos 0, ) +2Accos b, ALEPH Ll 0.1451+0.0060 ALEPH 4|  0.504+0.0068
T (1 + cos2 97_7) + %Afb COS ‘97* ’ DELPHL ||  0.1359 +0.0096 DELPH} | ! 0.1382 +0.0116
L3 1{  01476+0.0108 L3 | . 01678+00130
. _ 9 9 _ OPAL || 0.1456 £ 0.0005 OPAL__ 1 01454 +0,0114
with A; = 2ua/[(v)* + (@)?], v/a = | |
: . 1 2/dof =
1 —4sin? G%f and Ay, being the forward- ; XJdof=391/6 :
LEP L] 0.1439£0.0043 LEP |4l 0.1498+0.0049
backward charge asymmetry of 7 produc- : Mool Ty LS S
012 014 016 018 012 014 016 018 02

tion. A Ae

The four LEP experiments use kine- Figure 2: New final results of ALEPH and OPAL

matic distributions of the 7 decay pro- , 4 and 4., and the published results of DELPHI
ducts to measure the polarisation as a and L3. The new LEP results on A and A, and
function of cosf,-. Data were collected the x?/dof are also shown. On the top of the figure,

during the 1990 - 95 Z running period. the LEP fit for A; assuming lepton universality is
The decay mode considered are evv, uvv, also presented.
7w, pv, a1(37)v and a; (2707)v.

The method of measuring P;(cosf,-) yields nearly independent determinations of A,
and A.. Thus, the 7 polarisation measurements provide both a determination of sin? Q%f
and a test of the hypothesis of universality of the Z couplings to the electron and the 7.

ALEPH and OPAL have presented new final results on the 7 longitudinal polarisa-
tion [6]. In addition, the LEP experiments have presented combined results on A, and
A, taking into account correlated systematic uncertainties for the first time [7]. The most
relevant common systematic errors are shown in Table il.

Fig. & shows the new final results of ALEPH and OPAL on A, and A., and the
published results of L3 and OPAL [8]. It also gives the LEP fitted values for A, and A,
with no assumption on lepton universality, and A; assuming e — 7 universality. This last
result provides a value of

sin? 057 = 0.23159 + 0.00041 . (3.1)

4. Michel parameters

The 7 Michel parameters allow to test possible deviations from the SM description in the 7
decay. In 7 — lv, 7, the coupling constants can be experimentally accessed via the energy
spectra of the daughter leptons. If the polarisation of the daughter leptons is not known,
the spectrum of the 7 decays can be parametrised at Born level by

1dl _ ho(zi) + nhn (1) + php(z1) — Pr [Ehe (1) + E8hes ()] (4.1)

I' dx;
where the coefficients 7, p, £ and &§ are the Michel parameters, the dependence of the h
functions on z; is known, P; is the average 7 polarisation and z; = E}/Epeqm. In The SM,
n=0,p=0.75,¢£=1and & = 0.75.



International Europhysics Conference on HEP M. Pilar Casado

Fig. B shows the recently published

results of ALEPH on the Michel parame-  aepn | 0.012  0.026 ALEPH .| 0742£0015
ters [g] and the results of the other LEP DELPHI _J_ -0.005 + 0.052 DELPHI 1 . 0775+0.030
- - . L3 027+ 0.14 L3 _|. 0762+0.035
experiments F_lg] The LEP average is  opa | co2re00s5 OPAL | ,0781+0033
alSO glVen. Xdof=35/3 ¥ldof=1.8/3
CL.=32% CL.=61%
LEP lo 0.017 +0.021 LEP & 0.754£0.012
. . | | | 1 | I )
5. Lifetime 02 0 02 04 065 07 075 08 085
Michel parameter : n Michel parameter : p
The 7 lifetime can be used to test lep-
. . . ALEPH  _,  0.986+0.075 ALEPH |, 0.776+0.051
ton universality together with the 7 lep-  ppy | 0.929 £ 0.076 DELPHI |, 07790075
tonic branching ratios, B, and B,, and 13.— 070+ 0.16 3 . o070:o0ll
OPAL ! 098+ 0.24 OPAL__, |  065%016
the measurement of m, by
¥dof=2.713 ¥ldof=0.9/3
g 2 T m5 CL=45% cL=82%
T LEP e | 0934+0050 LEP 4 0760£0.038
7T :0,9996_"_‘5‘36’ o 2240 P e, 076020
g T, m 06 08 1 12 14 04 06 08 1 12
H 9 g Michel parameter : § Michel parameter : £0
9r = 0.9996 Tu My L
= 0. , )
e Tr m75_ f(mi/m%) Figure 3: New final measurements of ALEPH on

the Michel parameters, the results of the other LEP
experiments, the new LEP average and the x?/dof
electroweak propagator and radiative cor-  of the combination. The SM expectation is shown
rections in the 7 and p decays. The func- as a vertical line for each parameter.

where the numerical factor accounts for

tion f is a known phase space factor with
value f(mi/m%) = 0.97256.

The DELPHI collaboration has presented a new preliminary result of the 7 lifetime [11],
which is shown on the top part of Fig. 4 together with the previous results of the other
LEP experiments and the new LEP average. On the bottom part of this figure, the new
LEP 7 lifetime is plotted versus the LEP values of B, and B, [12]. The diagonal band of
these figures represents the SM prediction according to the previous equations, with the
width reflecting the experimental uncertainty in m,. Taking the PDG values for m,, m,
and 7, [13], the present results on 7 — p and 7 — e universality are

(Q_T) — 0.9999 + 0.0023 (5.1)

Iu

<9_T) — 1.0002 + 0.0023 (5.2)
9e

both consistent with the SM expectation.

6. Conclusions

ALEPH and OPAL have presented new final results on the measurement of the 7 polarisa-
tion. The four LEP experiments have combined their results on the 7 polarisation taking
into account common errors for the first time. This yields a precise measurement of the
effective weak angle of sin? 95{;’0 = 0.231594+0.00041, in good agreement with other leptonic
contributions to sin? Q%f .
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The Lorentz structure of both

the neutral current and the 7 de- ALEPHBO.04 || 2001 19

cay have been revised, with no de- DELPHI? 01-95 || 2909+ 1.7

L . . L391-95 1l . 2032% 25

viation from the SM expectations in OPAL90-04 1| 2892+ 21
both cases. ALEPH has presented Ho ior=1612
. l CL=65%

new preliminary results on the tau LEP 1.l 2907+ 10

weak dipole moments and new final 285 200 205 300
. T lifetime (fs)
results on the Michel parameters.

Finally, a new preliminary mea- g 2:: égrlgu=0.999910.0023 g i: éngge=1.0002t0.0023
surement of the 7 lifetime has been £ ,, E £ s E
presented by DELPHI, allowing to = . % 2 e b
set new LEP values on 7 — p and 290 f 8 290 f
7 — e universality. The new univer- 289 * 20 E
sality ratios agree with the SM pre- o 17Te‘ | 17‘7‘ | ‘17‘3‘ | ‘17‘9‘ | ‘18 0 171 ‘172‘ | ‘17‘3‘ | ‘17‘4‘ | ‘17.5
diction at the few per mil level. BR(1~ e W) (%) BR(T~ 1 w) (%)

Figure 4: On the top plot, new DELPHI result on the
7 lifetime, the results of the other LEP experiments, the
I wish to thank Enrique Ferndndez, new LEP average and the x?/dof of the combination.
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