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Recent data on precision tests of the standard model at LEP are pre-
sented and compared with the theoretical expectations. These results are
obtained by a preliminary analysis of all the data collected at LEP between
1990 and 1995.

PACS numbers: 12.38. Qk

1. Introduction

The resuits presented here are based on the analysis of ~ 16 million Z
decays, collected by the four LEP experiments during the years 1990-1995.
The data consist of the hadronic and leptonic cross sections, the leptonic
forward-backward asymmetries, the 7 polarization asymmetries, the bb and
cC partial widths and forward -backward asymmetries and the g4 charge
asymmetry [1]. Information on the individual results and a detailed list of
references can be found in [2]. Some of the electroweak results from SLD
and the TEVATRON are also included.

2. Z lineshape and LEP energy calibration

The parameters mz and Iy are extracted by a scan of the Z resonance
[3], i.e. by measuring the cross sections ete™ — ff for hadronic (¢g) and
leptonic (¢*£~) final states as a function of /s ~ mgz. The number of
selected events and the systematic errors on the event selections are shown

in Table 1.

* Presented at the Cracow International Symposium on Radiative Corrections to the
Standard Model, Cracow, Poland, August 1-5, 1996.
(653)
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TABLE I
Number of selected events and systematic errors of the event selection used for the
analysis of the Z line shape. The data sample corresponds to an integrated lumi-
nosity of ~140 pb™! collected between 1990 and 1995 by each LEP experiment.

ALEPH DELPHI L3 OPAL

Number of events qq 4164K 3556K 3358k 3357K
(e 485K 376K 317K 454K
Syst. error qq 0.07% 0.1% 0.06% 0.15%

ete= | 048%  050%  0.25% 0.25%
ptp= | 025%  0.30%  0.30% 0.15%
= | 0.35%  0.60%  0.65% 0.46%

Experimental syst.
error on luminosity 0.07% 0.09% 0.09% 0.08%
Common theory error 0.16% 0.11% 0.11% 0.11%

The theoretical error for the calculation of the small angle Bhabha cross
section of 0.11% represents the accuracy of the Monte Carlo event generator
BHLUMI [4] and has been treated as common to all experiments (ALEPH
still uses the theoretical error of 0.16% associated to the previous BHLUMI
version). This theoretical uncertainty on the luminosity normalization im-
proves with respect to previous calculations from 0.16% to 0.11% [5], reflect-
ing into a more accurate determination of the hadronic cross section.

The LEP energy uncertainty [6] has an important impact on the deter-
mination of mg and I'z: the error on the mass is in fact dominated by the
calibration error, while the error on the width due to calibration uncertain-
ties is almost as large as the statistical one.

For the 1995 scan [7], the LEP instrumentation was improved by in-
stalling two new NMR probes in the LEP tunnel. Furthermore, for six
fills resonant depolarisation [8] measurements were performed at both the
beginning and end of fills. Both the tunnel NMRs and the six calibration
experiments indicated a significant rise of the LEP beam energy during a fill.
This raise has been associated to parasitic currents on the LEP beam pipe
induced by the passage of trains on the nearby railway. As a consequence,
this new effect has been included in the modeling of the mean beam energy
in 1995.

The 1993 and 1994 energies have also been revised, since the same effect
was almost certainly present in those years as well. Although the description
of the energy rise for earlier years strongly depends on observations made in
1995, there are calibration experiments performed in 1993 and 1994 which
support the present analysis.
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The measurements of the LEP 1993-1995 beam energies and the associ-
ated uncertainties are still preliminary and might still improve as a result
of future data. In particular, the installation of 14 additional NMR probes
in the LEP tunnel will allow a better testing of the modeling of the energy
rise in a fill.

Another point worth being recalled is that the 1995 energy scan required
the control of a new effect associated with the bunch-train bumps. These
bumps induce opposite sign vertical dispersion at the interaction points,
and. if the beam collide with an offset (d,), a shift in the centre of mass
energy proportional to §, is produced. This effect represented a potentially
major source of systematic uncertainty which had called into question the
feasibility of the 1995 scan. It was controlled by performing Vernier scans
for each off-peak fill, hence reducing &, as much as possible. As a result, the
systematic uncertainties arising from the dispersion corrections are small,
inducing an error of ~ 0.3 MeV on myz and of ~ 0.25 MeV on I7.

Finally, the systematic error on I'; resulting from the uncertainty of the
centre-of-mass energy spread [7] is now reduced to ~ 0.2 MeV, while it used
to be ~ 1 MeV in the past.

There are nine independent parameters to be fitted: mg, I7, UE, R.,
R,, R-, Ag‘g , .4%’; . Ag’g [3]. The parameter o is the hadronic cross section
after deconvolution of initial state radiation, which, at the peak, takes the
form:

010 = 271 Fee[’had )
T omi T2
The pole asymmetry A%}; can be expressed directly in terms of the ratio
of the vector (gf) and axial vector (¢f) coupling constants of the neutral

current to fermion f: 3
0,f __ \

with: )
_ 29vigar 5
= 9 2 ( )
gur + Gar
The parameter Ry gives, for each lepton species, the ratio of the hadronic
and the leptonic partial widths.

These parameters are chosen because they are most directly related to
the experimental quantities and are weakly correlated. The number of fitted
quantities is reduced to five when lepton universality is assumed. Tables II
and IIT show the results obtained when combining the data of the four
collaborations for the nine and five parameter fit, respectively. The average
correlation coefficients for the five parameter fit are given in Table IV.
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TABLE I

Average line shape and asymmetry parameters from the data of the four LEP
experiments, without the assumption of lepton universality.

Parameter | Average Value
mz(GeV) | 91.1863%0.0020
I7(GeV) 2.494640.0027
ol(nb) 41.508+0.056
R 20.754+0.057
R, 20.796+0.040
R, 20.814+0.055
1on 0.0160+0.0024
Apd 0.016240.0013
Apn 0.0201+0.0018

TABLE III

Average line shape and asymmetry parameters from the results of the four LEP
experiments, assuming lepton universality.

Parameter | Average Value

mz{GeV) | 91.1863+0.0020
I7(GeV) 2.494610.0027
ol (nb) 41.5084-0.056

R 20.778+0.029
ARa 0.0174+0.0010

TABLE IV

The correlation matrix for the set of parameters given in Table III.

mg | Iz | of | Re |Apy

mgz | 1.00 009 -0.01 -0.01 0.08
r; { 009 1.00 -0.14 -00l 0.00

op | 001 -0.14 100 0.15 0.01

R, | —0.01 -0.01 015 100 0.01

Apg | 008 000 001 001 1.00
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Starting from these primary measurements one can derive important
additional quantities as, for example, Iy, Ihag and [y, which are shown
in Table V.

Using the results of Table V on the ratio I,y /I's¢ and taking the standard
model prediction for I, /I (1.991 3 0.001), the number of light neutrino
species can be derived:

N, = 2.989£0.012.

TABLE V
Partial decay widths of the Z boson, derived from the results of the 9 and 5-
parameter fit.

Without Lepton Universality:

I'.. {MeV) | 83.96%0.15
T (MeV) | 83.7940.22
Iy (MeV) | 83.7240.26
With Lepton Universality:
Tee {MeV) | 83.9110.11
lhea  (MeV) | 1743.642.5
e (MeV) | 499.542.0

From the ratio R, of the hadronic and the leptonic partial widths one
can extract a measurement of a,. For mz = 91.1863 GeV, and imposing
my = 175+ 6 GeV [9-11] as a constraint, a, = 0.124 £ 0.004 £ 0.002 is
obtained, where the second error accounts for the variation of the result
when varying my in the range 60 GeV < my < 1000 GeV.

The line shape results presented here are not only preliminary, but also
not complete. At present, only ALEPH, DELPHI and L3 have produced
cross sections for the '95 data. The measurement of I'z should therefore still
improve with the inclusion of the complete set of data and of the final LEP
energy calibration results.

3. The hadronic ¥Z interference term

As an alternative approach, cross sections and lepton forward-backward
asymmetries can be described in a more model independent way along the
lines of [12], the so-called S-matrix approach. In the fitting procedure de-
scribed in the previous section, the interference between the continuum and
the Z resonance amplitude was fixed to the value predicted by the standard
model. However, this assumption can be tested by measuring the interfer-
ence term directly from the data.
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Measurements of the hadronic cross section at centre-of-mass energies far
away from the Z pole are especially sensitive to the parameters describing
the interference between photon and Z-boson exchange ji%,. The results
presented here [13] include the data collected at LEP in 1995 at /s from
130 GeV to 140 GeV.

The combination of results from the four LEP experiments gives a value
for jio% of —0.21+0.20. to be compared with the standard model prediction
of 0.22. This discrepancy of about 2.2 standard deviations is cue to the large
negative value for jio% obtained by three experiments. The precision on the
hadronic interference can be improved by including low energy data. The
fit to the LEP and TOPAZ [14] cross sections gives jioY = —0.07 £ 0.16, in

better agreement with theory.

4. T polarization

The 7 polarization is determined by measuring the longitudinal polar-
ization of T pairs produced in Z decays. It is defined as [3]

9R 0L (3)
or+or’

T =

where op and o, are the T-pair cross sections for the production of a right-
handed and left-handed 77, respectively. The angular dependence of P; as
a function of the angle 8 between the ¢~ and the 77 is given by:

A;(1+ cos? §) + 2.4, cos b

0sf) = - ‘ !
P, (cos8) 1+ cos?8+2A,A.cos8 W

with A, and A, as defined in Eq. (2).

When averaged on all production angles P, is a measurement of A;,
while as a function of cos, P, provides nearly independent determinations
of A; and A.. allowing thus to test universality of the couplings of the Z to
e and 7. When combining the results from the four LEP experiments, the
average values for A, and A, are:

A, = 0.1401 £ 0.0067 (5)
Ae = 0.1382+0.0076. (6)
The measurements included in the above averages do not yet make use of

the full LIEP1 statistics. Some improvements in the results can therefore be
expected, especially for A., a quantity still dominated by statistical errors.
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0,b 0,c
5. Agg and Agy

The new LEP average results for the b and ¢ forward-backward asym-
metries are:

AP = 0.0979 + 0.0023
AYS = 0.0733+0.0049,

where all corrections due to the energy shift to /s = mgz. initial state
radiation and QCD effects are already taken into account.

The central value of A%’é’ has decreased by 0.0023 with respect to the
result shown at the winter conferences and the associated uncertainty is now
~20% smaller. These changes are due to some newly analysed data and to
an improved treatment of QCD corrections. Now, in fact, in the analyses
of Ag’g using a lepton or D* tag, the QCD corrections take into account
the bias introduced by the experimental cuts, which considerably reduce
the QCD effects with respect to their theoretical expectations [15, 16]. For
example, for the DELPHI analysis of Ag’g’ using a lepton tag, this reduction
amounts to about 50% and is mainly associated to the selection of a high
momentum lepton [17].

6. (Qpp)

One can take advantage of the large hadron statistics and measure the
average quark charge asymmetry for all hadronic events. To infer the original
quark charge, one relies on the fact that the leading particles in a jet carry
information on their primary charge.

The present value of sinzﬂg’t’ from inclusive hadronic charge asymmetries
at LEP (unchanged with respect to the winter conferences) is:

sin20!P* = 0.2320 % 0.0010.

< 2 plept
7. sin“O¢

The effective electroweak mixing parameter sin29::;i?t is defined from the
expression [3]:
1
71— 9ve/gae), (M)
and, in the standard model, can be extracted from the combined LEP mea-
surements for the various asymmetries. The results of the determinations of

. 2plept __
sin“f g =

. 2plept . .
sin“f,g" are shown in Fig. 1.
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sin’ f}w

Agy leptons -O- 0.2308S + 0.00056
A, from P, L~ 0.23240 £ 0.00085
A, from P, L A— 0.23264 + 0.00096
Ay b-quark e 0.23246 £ 0.00041
Apy c-quark —— 0.23155 £ 0.00112
<Qpy> —fa— 0.23200 + 0.00100

A, (SLD) -0 0.23061 £ 0.00047

Average b g 0.23165 + 0.00024

250 ¢ x2idof = 12.8/6

200 |
BB m,-91186:2MeV

m, [GeV]

E m,, =60 - 1000 GeV

[ o' = 128.90 £ 0.09

1 2l

100 *
0.228 023 0232 0234

223
sin® 9

. . . . . - 2alept
Fig. 1. Comparison among different determinations of sin 0;}? .

The uncertainty associated to the value of the fine structure constant
a(m3) induces an error on the standard model prediction of sin20:§}:’t as large
as the present experimental uncertainty. If the value a(m3) = 1/(128.896 %
0.090) [18] is used, this translates into an uncertainty on the standard model
prediction of 0.00023, to be compared with an experimental error of 0.00024.

8. Heavy quark couplings

The measurements of the b and ¢ forward-backward asymmetries deter-
mine the products Ag’é = 2A.A; (Eq. (1)). One can therefore extract Ar,

once A, is known. By combining the value of Ag’é (0.1523+0.0044) with the
Pr(cos §) measurements of Eqgs. (5) and (6) (0.1393 £ 0.0050), one obtains
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Ae = 0.1466 £ 0.0033 and hence

Ap = 0.890 £ 0.0249 . (8)
Ac = 0.667 £ 0.047.

These results can be combined with the direct determinations of Ay
and A, obtained from the measurements of the left-right forward-backward
asymmetries for b and ¢ quarks at SLD [19]. In this case one gets the
following averages:

Ap = 0.883+0.025, (9)
Ae. = 0.657 £ 0.041.

If the left-right asymmetry Apg measured at SLAC [20] is also combined

with the LEP measurements of Ag’é and P.(cosb) to extract Ae (Ae =
0.1500 £ 0.0025), the results for the heavy quark couplings become:

Ap = 0.867 £ 0.022 (10)
Ac = 0.646 % 0.040

In all three cases, the results for Ay, deviate slightly from the standard model
prediction Apg,, = 0.863 + 0.049. These deviations amount to about 1.6,
2.1 and 3.1 standard deviations for Egs. (8)—(10), respectively.

9. Ry

The measurement of the b partial width is particularly important due to
the additional quadratic m, dependence present in the Z— bb vertex. The
LEP and SLD experimental results are shown in Fig. 2. The lifetime/mass
double tag measurements are the most precise measurements [21, 22|. In par-
ticular, the very precise preliminary measurement presented by ALEPH [22]
is based on the data obtained during the period 1992 to 1995 (z.e. 3.8 mil-
lion Z decays). It makes use of a hemisphere b tag based on lifetime as well
as mass information, complemented by four other mutually exclusive tags,
using lifetime and event shapes.

If a high purity b tag is applied to each event hemisphere, by measuring
the number of single and double tagged hemispheres, one can extract R}
and the b efficiency . The charm and light quark efficiencies €., €,4s and
the correlation in tagging efficiency between b hemispheres py, must be taken
from a Monte Carlo simulation and represent a major source of systematic
errors. It is therefore crucial to be able to keep the correlation and the light
quark background as small as possible.

There are several identified sources of hemisphere-hemisphere correla-
tions:



662

ALEPH mult
199294

DELPHI mult
w1991-94

L3i t par.
3 impac! t par.

L3 sha
1991

OPAL mult
1199294

SLD vtx mass
/11993-95

LEP leptons
e 1990-91(92)

LEP+SLD
250

206
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m, (GeV]

150

had

0.2161 £ 0.0009 + 0.0011
0.2205 + 0.0014 * 0.0018
0.2188 + 0.0028 + 0.0033
0.2223 £ 0.0030 + 0.0064
0.2193 £ 0.0014 + 0.0021
0.2152 + 0.0032 + 0.0021

0.2208 £ 0.0037

0.2178 + 0.0011
0.0003 y exchange corr. added

"

100

0.21

0.22

0.23

T /Ty for T Ty, q = 0.172

Fig. 2. Ratio of b and hadronic partial widths. Here a correction of 0.0003 is
applied to the experimental results to take into account the effect of vy exchange.
The theoretical prediction in the standard model is also shown. This prediction is

practically independent on my and nearly insensitive to a;.

e geometrical effects induce a positive correlation (if a b-hadron is on the
edge of the vertex detector angular acceptance, so is the other, since

they tend to be back to back).

of both b-hadrons.

b hadron less likely.

Gluon emission induces a positive correlation by lowering the momenta

Correlations are also possible through the sharing of a common primary
vertex. For example if one b hadron has a long decay length, it will be
probably tagged. The resolution on the primary vertex will however
degrade due to the lower track multiplicity, making the tag of the second



Electroweak Ezperimental Results at LEP 663

This last source of correlation is the dominant one (~ -10%). Its impact was
drastically reduced ( down to ~ -0.5%) by reconstructing a primary vertex
for each hemisphere separately, using tracks from that hemisphere only.

The introduction of a tag based not only on lifetime but also on mass,
as pioneered by the SLD collaboration [21], allows to reduce the u,d,s,c
background by exploiting the difference in mass between b and ¢ hadrons.
The invariant mass of tracks originating from a secondary vertex is in fact
generally lower than 1.8 GeV (the approximate mass of a ¢ hadron) for u,d,s
and ¢ quarks, while it extends to higher values for b quarks. The performance
of the combined lifetime/mass tag, when using separate primary vertices in
each hemisphere, is shown in Fig. 3. For a b efficiency €,=22.66%, one
has that £.=0.43% and £,4s=0.05%. The b efficiency is approximately 44%
higher than the one obtained with a tag only based on lifetime at the same
purity.

1
0 o8
@ L)
‘5 ALEPH Loo%0°
c .¢' o°
B »° o®
Q- ..o' o
;_.—, 10 | ".' . &
2 7
c &
3 &
o -2
o 10
x
O
o
[22]

-3 _
10 ® ¢ efficiency
) o uds efficiency
54
1 -4§
001

- !
1020304050607 0809 1
b efficiency

Fig. 3. Hemisphere tagging efficiency for the mass-lifetime tag.

The idea behind the multiple tag method is that the overall b tag effi-
ciency can be increased by using other b tags, which make use for example
of event shapes or of leptons from semileptonic b decays. The disadvantage
is that these additional tags suffer from a large uds and ¢ background. To
overcome this difficulty, two new tags are introduced, one for ¢ (based on
lifetime and rapidity) and one for uds (anti-lifetime tag), which allow to
measure the uds and ¢ background from data. Table VI shows the results of
the efficiency for the different tags obtained from a Monte Carlo simulation.
The fact of having three tags increases the statistical power by almost 50%
with respect to the case when only the lifetime/mass tag is used.
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TABLE VI
Monte Carlo results for the efficiencies of the five tags.

(%) ec(%)  cuas(%)
Lifetime/mass (b) | 1955  0.20 0.03
Event shape (b) | 17.57 1.40 0.20
Leptons (b) | 4.25 0.69 0.16
Lifetime/rapidity ()| 259 16.20 7.93
Anti-lifetime (uds) | 0.23 3.96 11.69

By measuring 5 single tags and 15 double tags rates only the uds and ¢
efficiency for the lifetime/mass tag (which are very small numbers) and the
hemisphere correlations need to be taken from simulation. The remaining
13 efficiencies and R}, are fitted to the data.

It should also be pointed out that in the present R} combination the
c-hadron production rates are no longer based on ARGUS and CLEO data,
assuming that they are valid at /s = mgz. Instead, they are available from
LEP data. In addition, the gluon splitting rate g — ¢¢ is also taken from
data [23] and extrapolated to g — bb .

The average combined preliminary LEP+SLD value R, = 0.2178 =
0.0011 is still slightly higher (by 1.8 standard deviations) than the stan-
dard model prediction, however the newest, precise measurements based on
lifetime/mass tags by ALEPH and SLD are in very good agreement with
the standard model.

10. R,

The experimental results for R, are shown in Fig. 4. There are three
classes of K. measurements:

e single charm counting, based on the measurements of the production
rates of DY, D*, D, and A..

e Charm double tag. based either on the exclusive reconstruction of D or
D™ mesons or on an inclusive slow pion from the decay D** — =+ DP.

e Measurements based on the detection of leptons from charm semilep-
tonic decays.

The present R, result (R, = 0.1715 £ 0.0056) is in very good agreement
with the standard model prediction (0.172).

There are several important reasons for this change in the R. central
value. First of all, all the analyses used in the present combination are
either new, or have been updated with respect to what was shown at the
last winter conferences. Secondly, the measurement of the production rate of
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ALEPH (90-94) Electron spectra
0.164910.0070:0.0066

ALEPH (91-95) D* exclincl.
0.17610.01310.011

ALEPH (91-95) D excl/excl.

0.169+0.013+0.011

DELPHI (91-94) Charm counting
0.16810.0111£0.013

DELPHI (91-95) D* exclincl.
0.167+0.015:0.015

DELPHI (91-94) D* incl/incl.
0.17110.0131+0.015

OPAL (91-93) Charm counting
0.167+0.011+0.011

OPAL (91-95)  D* excl/incl.
0.182+0.011+0.014

ALEPH average
0.168310.0091

DELPHI average
0.1657+0.0074+0.0071

OPAL average
0.1745+0.0078+0.0086

LEP Average
0.171540.0056 ;

Fig. 4. Ratio of ¢ and hadronic partial widths. The theoretical prediction in the
standard model is also shown.

the D* mesons, which is an input value for some of the double tag analyses, is
now measured at LEP: P(c — D**) x BR(D** — n+D?) = 0.163 £ 0.007.
This result is consistent within errors with the low energy measurent of
0.178£0.013 used up to now. However, due to the large negative correlation
of -60% between P(c = D*t) x BR(D** — n*tDP) and R, the central value
for R is now pulled up.

11. Standard model fits

All the results described in the previous sections can be compared with
the standard model predictions. These results, with other precision elec-
troweak measurements obtained outside LEP, are summarized in Table VII.

The main goal is to extract information on the unknown parameters of
the theory, in particular on my.

Table VIII shows the result of the standard model fit to the LEP data
alone and to all data of Table VII, including the TEVATRON measurement
of the top mass [9-11]. These fits make use of the electroweak libraries
described in [25]. Note that the Higgs mass is not held fixed but is also
fitted.
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TABLE VII
Electroweak measurements for the 1996 summer conferences. The results shown in
columns 3 and 4 derive from a fit to the standard model parameters including all

data with the Higgs mass treated as a free parameter.

Measurement with  Standard  Pull
total error model
a) LEP
mz [GeV] 91.1863+0.0020  91.1861 0.1
I'z [GeV] 2.4946 + 0.0027 2.4960 —0.5
ol [nb] 41.508 £ 0.056 41.465 0.8
Ry 20.778 + 0.029 20.757 0.7
A 0.01744 0.0010  0.0159 1.4
A, 0.1401 =+ 0.0067 0.1458 —0.9
Ae 0.1382 4+ 0.0076 0.1458  —1.0
Ry, 0.2179 + 0.0012 0.2158 1.8
R. 0.1715 4 0.0056 0.1723  —0.1
Ay 0.0979 4 0.0023 0.1022 —1.8
Apy 0.0733 + 0.0049 0.0730 0.1
sin®652" ((Qpp)) 0.2320 £ 0.0010 0.23167 0.3
b) SLD
sin?6'P" (Apg [20]) 0.23061 + 0.00047 023167 —2.2
Ry, [21] 0.2149 + 0.0038 0.2158  —0.2
A [19] 0.863 + 0.049 0935  —1.4
A [19] 0.625 + 0.084 0667  —0.5
c) pp
mw [GeV] (pp[24]) 80.356 + 0.125 80.353 0.3
m, [GeV] (ppl9. 10, 11]) 175+ 6 172 0.5

As one can see, the LEP data favour a light top and a light Higgs.
However, if the R}, measurement is excluded from the fit, this tendency
disappears (and one obtains that m; = 171153 GeV )



Electroweak Ezperimental Results at LEP 667

TABLE VIII
Results of the fits to LEP data alone and to all data including the measurement of
the mass of the top.

LEP LEP +SLD
+ pp data + my
m; [GeV] 1555 17246
my [GeV] 861292 1491138
log(my) 1.9315:52 2.17+9-30
a(m3) |0.1214£0.003  0.120 % 0.003
vZ/d.of. 9/8 19/14

From the fit to all data, an indirect measurement of mw can also be
derived:

mw = 80.352 %+ 0.034 GeV.

When the precision on mw from direct measurements will match that ob-
tained from the radiative corrections, this will provide an additional powerful
test of the theory, in complete analogy with the top case. At the moment,
this is not yet the case. The combination of preliminary results from the
four LEP experiments on the WYW~ cross section and the W mass at
Vs = 161.340.2 GeV [26] gives

oww = 3.57+0.46 pb (11)
mw = 80.4+ 0.2+ 0.1GeV.

The errors on the results shown in Table VIII do not include theoret-
ical uncertainties in the standard model predictions such as those due to
missing higher order corrections, as studied in the workshop on ‘Precision
calculations for the Z resonance’[27]. If these uncertainties are also taken
into account, one obtains a 95% confidence level upper limit on myg of ap-
proximately 550 GeV.

12. Outlook and conclusion

At present, at the end of the LEP1 program, the data continue to support
the standard model in a remarkable way. The measurement of Ry, is still 1.8
standard deviations higher w.r.t. the standard model prediction, however
the newest analyses using improved techniques are in perfect agreement with
the standard theory.

The LEP1 program of precision tests of the standard model is close to
its end. However some improvements can still be expected:
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e the lineshape analysis is not yet complete. At present, only three of

the experiments have preliminary analyses of the cross sections using
the 1995 data and the measurements of the LEP beam energies are still
preliminary.

New revised Rj, measurements employing improved techniques, as al-
ready done by ALEPH and SLD, should be available in the near future
from the other experiments.

The uncertainty on observables such as the 7 polarization asymmetry,
which is still statistics dominated, will reduce, since not all the data
have been analyzed yet.

Moreover, some improvement can still be expected on the determination

of sin%ﬁ{“ from Apg at SLAC. From LEP2 and the TEVATRON we expect
an accurate determination of the W mass, and hopefully, some signs of new
physics.

I am especially grateful to my friends and colleagues of the LEP Elec-

troweak Working Group for producing the combination of experimental re-
sults which are used in this paper and for several discussions and graphs. |
also want to express my sincere gratitude to Staszek Jadach and Zbigniew
Was for their invitation and the excellent organization of the Symposium.
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