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Abstract

Preliminary combinations of measurements of the 4 LEP collaborations of the process
e+e− → ff at LEP-II are presented, using data from the full LEP-II data set where available.
Cross-sections and forward-backward asymmetry measurements are combined for the full
LEP-II data set. Combined differential cross-sections dσ

d cos θ for muon-pair and tau-pair final
states are presented. Measurements of the production of heavy flavours are combined. The
combined results are interpreted in terms of contact interactions and the exchange of Z′

bosons.
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1 Introduction

Since the start of the LEP-II program LEP has delivered collisions at energies from ∼ 130 GeV
to ∼ 209 GeV. The 4 LEP experiments have made measurements on the e+e− → ff process over
this range of energies, and a preliminary combination of these data is discussed in this note.

In the years 1995 through 1999 LEP delivered luminosity at a number of distinct centre-of-
mass energy points. In 2000 most of the luminosity was delivered close to 2 distinct energies, but
there was also a significant fraction of the luminosity delivered in, more-or-less, a continuum of
energies. To facilitate the combination of the data, the 4 LEP experiments all divided the data
they collected in 2000 into two energy bins: from 202.5 to 205.5 GeV; and 205.5 GeV and above.
The nominal and actual centre-of-mass energies to which the LEP data have been averaged for
each year are given in Table 1.

A number of measurements on the process e+e− → ff exist and have been combined. The
preliminary averages of cross-section and forward-backward asymmetry measurements are dis-
cussed in Section 2. The results presented in this section update those presented in [1–4]. Com-
plete results of the combinations are available on the web page [5]. In Section 3 a preliminary
average of the differential cross-sections measurements, dσ

d cos θ , for the channels e+e− → µ+µ−

and e+e− → τ+τ− is presented. In Section 4 a preliminary combination of the heavy flavour
results Rb, Rc, Abb

FB and Acc
FB from LEP-II is presented. In Section 5 the combined results are

interpreted in terms of contact interactions and the exchange of Z′ bosons. The results are
summarised in section 6.

There are significant changes with respect to results presented in Summer 2000 [2]:

• The method of combining the cross-sections and leptonic forward-backward asymmetries
has been improved.

• The combinations have been updated using new data:

– updated preliminary cross-sections and leptonic forward-backward asymmetries for
data taken at centre-of-mass energies of 205 and 207 GeV,

– new preliminary differential cross-section results for µ+µ− and τ+τ− final states,
– new preliminary heavy flavour results.

• The interpretations have been updated due to the changes in combined LEP results.

2 Averages for Cross-sections and Asymmetries

In this section the results of the preliminary combination of cross-sections and asymmetries are
given. The individual experiments’ analyses of cross-sections and forward-backward asymmetries
are discussed in [6]. The preliminary cross-section and leptonic forward-backward asymmetry
results at centre-of-mass energies of 205 and 207 GeV have been updated with respect to [2].
These are now obtained from analyses based on the full set data collected in 2000, giving a
significant improvement in the precision of the data at the highest centre-of-mass energy.

Cross-section results were combined for the e+e− → qq, e+e− → µ+µ− and e+e− → τ+τ−

channels, forward-backward asymmetry measurements were combined for the µ+µ− and τ+τ−

final states. The averages were made for the samples of events with high
√

s′.

Individual experiments have their own ff signal definitions; corrections were applied to bring
the measurements to two common signal definitions:
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Year Nominal Energy Actual Energy Luminosity
GeV GeV pb−1

1995 130 130.2 ∼ 3
136 136.2 ∼ 3
133∗ 133.2 ∼ 6

1996 161 161.3 ∼ 10
172 172.1 ∼ 10
167∗ 166.6 ∼ 20

1997 130 130.2 ∼ 2
136 136.2 ∼ 2
183 182.7 ∼ 50

1998 189 188.6 ∼ 170
1999 192 191.6 ∼ 30

196 195.5 ∼ 80
200 199.5 ∼ 80
202 201.6 ∼ 40

2000 205 204.9 ∼ 80
207 206.7 ∼ 140

Table 1: The nominal and actual centre-of-mass energies for data collected during LEP-II op-
eration in each year. The approximate average luminosity analysed per experiment at each
energy is also shown. Values marked with a ∗ are average energies for 1995 and 1996 used for
heavy flavour results. The data taken at nominal energies of 130 and 136 in 1995 and 1997 are
combined by most experiments.
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• Definition 1:
√

s′ is taken to be the mass of the s-channel propagator, with the ff signal
being defined by the cut

√
s′/s > 0.85. ISR-FSR photon interference is subtracted to

render the propagator mass unambiguous.

• Definition 2: For dilepton events,
√

s′ is taken to be the bare invariant mass of the
outgoing difermion pair. For hadronic events, it is taken to be the mass of the s-channel
propagator. In both cases, ISR-FSR photon interference is included and the signal is
defined by the cut

√
s′/s > 0.85. When calculating the contribution to the hadronic cross-

section due to ISR-FSR interference, since the propagator mass is ill-defined, it is replaced
by the bare qq mass.

The corrected measurement MLEP is computed from the experimental measurement Mexp,

MLEP = Mexp + (PLEP − Pexp),

where Mexp is the prediction for the measurement obtained for the experiments signal definition
and PLEP is the prediction for the common signal definition. The predictions are computed
with ZFITTER [7]. The theoretical uncertainties associated with the corrections were obtained
by comparing ZFITTER, TOPAZ0 v4.4 [8] and the Monte Carlo generator KK v4.02 [9]. The
uncertainties are 0.2% for the hadronic cross-sections, 0.7% for dilepton cross-sections and 0.003
for the leptonic asymmetries [4]. These errors are not included in the combination. Results are
presented inside the full 4π angular acceptance. Events containing additional fermion pairs from
radiative processes are considered to be signal, providing that the primary pair passes the cut
on

√
s′/s and that the secondary pair has a mass below 70 GeV/c2.

The average was performed using the best linear unbiased estimator technique [10], which
is equivalent to a χ2 minimisation∗ For the first time, all the data, from centre-of-mass energies
of 130 to 207 GeV were averaged together, taking into account correlation between all LEP-II
e+e− → ff measurements. Previously, the data were treated as three independent subsamples
at (130–183) GeV, (192–202) GeV and the data at (205–207) GeV, ignoring correlations between
the subsamples.

Particular care was taken to ensure that the correlations between the hadronic cross-sections
were reasonably estimated. As in [2] the errors were broken down into 5 categories

1) The statistical uncertainty plus uncorrelated systematic uncertainties, combined in quadra-
ture.

2) The systematic uncertainty for the final state X which is fully correlated between energy
points for that experiment.

3) The systematic uncertainty for experiment Y which is fully correlated between different
final states for this energy point.

4) The systematic uncertainty for the final state X which is fully correlated between energy
points and between different experiments.

5) The systematic uncertainty which is fully correlated between energy points and between
different experiments for all final states.

In previous averages, uncertainties in the hadronic cross-sections arising from fragmentation
models and modelling of ISR had been treated as uncorrelated between experiments. However,

∗Using the same input data, averages made with the best linear unbiased estimator technique were found to
agree with results obtained from the χ2 minimisation technique used in [2].
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although there are some differences between the models used and the methods of evaluating the
errors, there are significant common elements in the estimation of these sources of uncertainty
between the experiments. For the average reported here, these errors were treated as fully
correlated between energy points and experiments.

Table 2 gives the averaged cross-sections and forward-backward asymmetries for all energies
for definition 1. The differences in the results obtained using definition 2 are also given.

The χ2 per degree of freedom for the average of the LEP-II ff data is 170/180. The correla-
tions are rather small, with the largest components at any given pair of energies being between
the hadronic cross-sections. The other off-diagonal terms in the correlation matrix are smaller
than 10%. The correlation matrix between the averaged hadronic cross-sections at different
centre-of-mass energies is given in Table 3.

Differences in the results with respect to previous combinations at centre-of-mass energies
from 130–202 GeV [2,3] arise mainly from the introduction of correlations between measurements
which were previously uncorrelated, and the improved treatment of the correlations themselves.

Figures 1 and 2 show the LEP averaged cross-sections and asymmetries, respectively, as a
function of the centre-of-mass energy, together with the SM predictions. There is good agreement
between the SM expectations and the measurements of the individual experiments and the
combined averages. The cross-sections for hadronic final states at most of the energy points are
somewhat above the SM expectations. Taking into account the correlations between the data
points and also assigning an error of ±0.26% [11] on the absolute SM predictions, the difference
of the cross-section from the SM expectations averaged over all energies is approximately a 1.8
standard deviation excess. It is concluded that there is no significant evidence in the results of
the combinations for physics beyond the SM in the process e+e− → ff.

3 Averages for Differential Cross-sections

The LEP experiments have measured the differential cross-section, dσ
d cos θ , for the e+e− → µ+µ−

and e+e− → τ+τ− channels for samples of events with
√

s′/s > 0.85. A preliminary combination
of these results has been made using a χ2 fit to the measured differential cross sections, using
the expected error on the differential cross sections, computed from the expected cross sections
and the expected numbers of events in each experiment. Using a Monte Carlo simulation it has
been shown that this method provides a good approximation to the exact likelihood method
based on Poisson statistics [2].

The combination included data from 183 to 207 GeV, but not all experiments provided
data at all energies. Since [2], new, preliminary, results for centre-of-mass energies of 205 and
207 GeV have been made available by all experiments. In addition, new, preliminary, results for
e+e− → µ+µ− at energies from 192–202 GeV from L3 have been made available. The data used
in the combination are summarised in Table 4.

Each experiment’s data were binned in 10 bins of cos θ at each energy, using their own
signal definiton. The scattering angle, θ, is the angle of the negative lepton with respect to the
incoming electron direction in the lab coordinate system. The outer acceptances of the most
forward and most backward bins for which the four experiments have presented their data were
different. This was accounted for as part of the correction to a common signal definition. The
ranges in cos θ for the measurements of the individual experiments and the average are given in
Table 5. The signal definition used corresponded to definition 1 of Section 2.

Correlated small systematic errors between different experiments, channels and energies,
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Table 2: Preliminary combined LEP results for e+e− → ff. All the results correspond to the
signal definition 1. The Standard Model predictions are from ZFITTER [7]. The difference, ∆,
in the averages for the measurments for definition 2 relative to definition 1 are given in the final
column. The quoted uncertainties do not include the theoretical uncertainties on the corrections
discussed in the text.
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Table 3: The correlation coefficients between averaged hadronic cross-sections at different ener-
gies.
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e+e− → µ+µ− e+e− → τ+τ−√
s(GeV) A D L O A D L O

183 - F - F - F - F
189 P F F F P F F F
192–202 P P P P P P - P
205–207 P P P P P P - P

Table 4: Differential cross-section data provided by the LEP collaborations (ALEPH, DELPHI,
L3 and OPAL) for e+e− → µ+µ− and e+e− → τ+τ− combination at different centre-of-mass
energies. Data indicated with F are final, published data. Data marked with P are preliminary.
Data marked with a - were not available for combination.

Experiment cos θmin cos θmax

ALEPH −0.95 0.95
DELPHI (e+e− → µ+µ− 183) −0.94 0.94
DELPHI (e+e− → µ+µ− 189–207) −0.97 0.97
DELPHI (e+e− → τ+τ−) −0.96 0.96
L3 −0.90 0.90
OPAL −1.00 1.00
Average −1.00 1.00

Table 5: The acceptances for which experimental data are presented and the acceptance for the
LEP average. For DELPHI the acceptance is shown for the different channels and for the muons
for different centre of mass energies. For all other experiments the acceptance is the same for
muon and tau-lepton channels and for all energies provided.
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Figure 3: LEP averaged differential cross-sections for e+e− → µ+µ− at energies of 183–207 GeV.
The SM predictions, shown as solid histograms, are computed with ZFITTER [7].
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Figure 4: LEP averaged differential cross-sections for e+e− → τ+τ− at energies of 183–207 GeV.
The SM predictions, shown as solid histograms, are computed with ZFITTER [7].

11



arising from uncertainties on the overall normalisation were considered in the averaging proce-
dure.

Three separate averages were performed; one for 183 and 189 GeV data, one for 192–202
GeV data and for 205 and 207 GeV data. The averages for the 183–189 data set has not been
updated with respect to [2]. The results of the averages are shown in Figures 3 and 4.

The correlations between bins in the average are less that 2% of the total error on the averages
in each bin. Overall the agreement between the averaged data and the predictions is reasonable,
with a χ2 of 191 for 160 degrees of freedom. At 202 GeV the cross-section in the most backward
bin, −1.00 < cos θ < 0.8, for both muon and tau final states is above the predictions. For the
muons the excess in data corresponds to 3.4 standard deviations. For the taus the excess is 2.3
standard deviations, however, for this measurement the individual experiments are somewhat
inconsistent, having a χ2 with respect to the average of 10.5 for 2 degrees of freedom. The data
at 202 GeV suffer from rather low delivered luminosity, with less than 4 events expected in each
experiment in each channel in this backward cos θ bin. The agreement between the data and
the predictions in the same cos θ bin is better at higher energies.

4 Averages for Heavy Flavour Measurements

This section presents a preliminary combination of both published [12] and preliminary [13]
measurements of the ratios† Rb and Rc and the forward-backward asymmetries, Abb

FB and Acc
FB,

from the LEP collaborations at centre-of-mass energies in the range of 130 to 207 GeV. The
averages have been updated with respect to [2]. New, preliminary, results from DELPHI and
L3 at centre-of-mass energies of 205 and 207 GeV, based on analyses of the full 2000 data sets
are included. New, preliminary, results from ALEPH at lower energies have also been included.
Table 6 summarises all the inputs that have been combined.

A common signal definition was defined for all the measurements, requiring:

• an effective centre-of-mass energy
√

s′ > 0.85
√

s
• the inclusion of ISR and FSR photon interference contribution and
• extrapolation to full angular acceptance.

Systematic errors were divided into three categories: uncorrelated errors, errors correlated be-
tween the measurements of each experiment, and errors common to all experiments. Full details
concerning the combination procedure can be found in [14].

The results of the combination are presented in Table 7 and Figures 5 and 6. The results
are consistent with the Standard Model predictions of ZFITTER.

Because of the large correlation (-0.36) with Rc at 183 GeV and 189 GeV, the errors on the
corresponding measurements of Rb receive an additional contribution which is absent at the
other energy points. For other energies where there is no measurement of Rc, the Standard
Model value of Rc is used in extracting Rb (the error on the Standard Model prediction of Rc

was estimated to be negligible compared to the other uncertainties on Rb).

A list of the error contributions from the combination at 189 GeV is shown in Table 8.

†Unlike at LEP-I, R0
q is defined as

σqq
σhad

.
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√
s (GeV) Rb Rc Abb

FB Acc
FB

A D L O A D L O A D L O A D L O
133 F F F F - - - - - F - F - F - F
167 F F F F - - - - - F - F - F - F
183 F P F F F - - - F - - F P - - F
189 P P F F P - - - P P F F P - - F
192 to 202 P P P - - - - - P P - - - - - -
205 and 207 - P P - - - - - - P - - - - - -

Table 6: Data provided by the ALEPH, DELPHI, L3, OPAL collaborations for combination at
different centre-of-mass energies. Data indicated with F are final, published data. Data marked
with P are preliminary. Data marked with a - were not supplied for combination.

√
s (GeV) Rb Rc Abb

FB Acc
FB

133 0.1811 ± 0.0132 - 0.358 ± 0.251 0.577 ± 0.314
(0.1853) - (0.487) (0.681)

167 0.1484 ± 0.0127 - 0.620 ± 0.254 0.915 ± 0.344
(0.1708) - (0.561) (0.671)

183 0.1619 ± 0.0101 0.269 ± 0.043 0.528 ± 0.155 0.658 ± 0.209
(0.1671) (0.250) (0.578) (0.656)

189 0.1562 ± 0.0065 0.240 ± 0.023 0.488 ± 0.094 0.446 ± 0.151
(0.1660) (0.252) (0.583) (0.649)

192 0.1541 ± 0.0149 - 0.422 ± 0.267 -
(0.1655) - (0.585) -

196 0.1542 ± 0.0098 - 0.531 ± 0.151 -
(0.1648) - (0.587) -

200 0.1675 ± 0.0100 - 0.589 ± 0.150 -
(0.1642) - (0.590) -

202 0.1635 ± 0.0143 - 0.604 ± 0.241 -
(0.1638) - (0.593) -

205 0.1588 ± 0.0126 - 0.728 ± 0.258 -
(0.1634) - (0.594) -

207 0.1680 ± 0.0108 - 0.447 ± 0.200 -
(0.1632) - (0.593) -

Table 7: Results of the global fit, compared to the Standard Model predictions, computed with
ZFITTER [15], for the signal definition in parentheses. Quoted errors represent the statistical
and systematic errors added in quadrature. Because of the large correlation with Rc at 183 GeV
and 189 GeV, the errors on the corresponding measurements of Rb receive an additional contri-
bution which is absent at the other energy points.

Error list Rb (189 GeV) Rc (189 GeV) Abb
FB (189 GeV) Acc

FB (189 GeV)
statistics 0.00606 0.0179 0.0884 0.1229
internal syst 0.00232 0.0123 0.0296 0.0481
common syst 0.00082 0.0078 0.0138 0.0735
total syst 0.00246 0.0145 0.0327 0.0878
total error 0.00654 0.0231 0.0942 0.1510

Table 8: Error breakdown at 189 GeV.
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Figure 5: Preliminary combined LEP measurements of Rb and Rc. Solid lines represent the
Standard Model prediction for the signal definition and dotted lines the inclusive prediction.
Both are computed with ZFITTER[15]. The LEP-I measurements have been taken from [16].
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Model χ ψ η L-R SSM

Mlimit
Z′ (GeV/c2) 678 463 436 800 1890

Table 9: The 95% confidence level lower limits on the Z′ mass and χ, ψ, η, L-R and SSM models.

5 Interpretation

The combined cross-sections and asymmetries and results on heavy flavour production have been
interpreted in a variety of models. The cross-section and asymmetry results have been used to
place limits on the mass of a possible additional heavy neutral boson, Z′, in several models.
Limits on contact interactions between leptons and on contact interaction between electrons
and b and c quarks have been obtained. The results update those provided in [2].

5.1 Models with Z′ Bosons

The combined hadronic and leptonic cross-sections and the leptonic forward-backward asym-
metries were used to fit the data to models including an additional, heavy, neutral boson, Z′.
The results are updated with respect to those given in [2] due to the updated cross-section and
leptonic forward-backward asymmetry results.

Fits were made to the mass of a Z′, MZ′ , for 4 different models referred to as χ, ψ, η and
L-R [17] and for the Sequential Standard Model [18], which proposes the existence of a Z′ with
exactly the same coupling to fermions as the standard Z. LEP-II data alone does not significantly
constrain the mixing angle between the Z and Z′ fields, ΘZZ′ . However results from a single
experiment in which LEP-I data is used in the fit show that the mixing is consistent with zero
(see for example [19]). So for these fits ΘZZ′ was fixed to zero.

No significant evidence was found for the existence of a Z′ boson in any of the models. 95%
confidence level lower limits on MZ′ were obtained, by integrating the likelihood function‡. The
lower limits on the Z′ mass are shown in Table 9.

5.2 Contact Interactions between Leptons

The averages of cross-sections and forward-backward asymmetries for muon-pair and tau-lepton
pair final states have been used to search for contact interactions between leptons. The results
are updated with respect to those given in [2] due to the updated cross-section and leptonic
forward-backward asymmetry results.

Following [20], contact interactions are parameterised by an effective Lagrangian, Leff , which
is added to the Standard Model Lagrangian and has the form:

Leff =
g2

(1 + δ)Λ2

∑

i,j=L,R

ηijeiγµeif jγ
µfj,

where g2/4π is taken to be 1 by convention, δ = 1(0) for f = e (f %= e), ηij = ±1 or 0, Λ is
the scale of the contact interactions, ei and fj are left or right-handed spinors. By assuming
different helicity coupling between the initial state and final state currents, a set of different

‡To be able to obtain confidence limits from the likelihood function it is necessary to convert the likelihood to
a probability density function; this is done by multiplying by a prior probability function. Simply integrating the
likelihood is equivalent to multiplying by a uniform prior probability function.
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Model ηLL ηRR ηLR ηRL

LL± ±1 0 0 0
RR± 0 ±1 0 0
VV± ±1 ±1 ±1 ±1
AA± ±1 ±1 ∓1 ∓1
LR± 0 0 ±1 0
RL± 0 0 0 ±1
V0± ±1 ±1 0 0
A0± 0 0 ±1 ±1

Table 10: Choices of ηij for different contact interaction models
.

models can be defined from this Lagrangian [21], with either constructive (+) or destructive (−)
interference between the Standard Model process and the contact interactions. The models and
corresponding choices of ηij are given in Table 10. The models LL, RR, VV, AA, LR, RL, V0,
A0 are considered here since these models lead to large deviations in the e+e− → µ+µ− and
e+e− → τ+τ− channels. The total hadronic cross section on its own is not particularly sensitive
to contact interactions involving quarks.

For the purpose of fitting contact interaction models to the data, a new parameter ε = 1/Λ2

was defined; ε = 0 in the limit that there are no contact interactions. This parameter was
allowed to take both positive and negative values in the fits. Theoretical uncertainties on the
Standard Model predictions were taken from [11].

The values of ε extracted for each model were all compatible with the Standard Model
expectation ε = 0, at the two standard deviation level. These errors on ε are typically a factor
of two smaller than those obtained from a single LEP experiment with the same data set. The
fitted values of ε were converted into 95% confidence level lower limits on Λ. The limits are
obtained by integrating the likelihood function over the physically allowed values, ε ≥ 0 for each
Λ+ limit and ε ≤ 0 for Λ− limits. The fitted values of ε and the extracted limits are shown in
Table 11. Figure 7 shows the limits obtained on the scale Λ for the different models assuming
universality between contact interactions for e+e− → µ+µ− and e+e− → τ+τ−.

5.3 Contact Interactions from Heavy Flavour Averages

Limits on contact interactions between electrons and b and c quarks have been obtained. These
results are of particular interest since they are inaccessible to pp̄ or ep colliders. The formalism
for describing contact interactions including heavy flavours is identical to that described above
for leptons.

All heavy flavour LEP-II combined results from 133 to 205 GeV given in Table 7 were
used as inputs. For the purpose of fitting contact interaction models to the data, Rb and Rc

were converted to cross sections σbb and σcc using the averaged qq cross section of section 2
corresponding to signal definition 2. In the calculation of errors, the correlations between Rb,
Rc and σqq were assumed to be negligible.

The results are updated with respect to those given in [2] due to the updated hadronic cross-
sections and heavy flavour results. No evidence for contact interactions between electrons and
b and c was found. The fitted values of ε and their 68% confidence level uncertainties together
with the 95% confidence level lower limit on Λ are shown in Table 12. Figure 8 shows the
limits obtained on the scale, Λ, of models with different helicity combinations involved in the
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e+e− → µ+µ−

Model ε (TeV−2) Λ−(TeV) Λ+(TeV)
LL -0.0056+0.0042

−0.0037 8.8 14.4
RR -0.0060+0.0051

−0.0046 8.4 13.8
VV -0.0014+0.0016

−0.0012 15.5 22.2
AA -0.0025+0.0018

−0.0023 12.1 20.1
LR 0.0014+0.0043

−0.0074 7.4 9.3
RL 0.0014+0.0043

−0.0074 7.4 9.3
V0 -0.0036+0.0032

−0.0013 12.2 19.9
A0 0.0008+0.0020

−0.0031 12.7 13.0

e+e− → τ+τ−

Model ε (TeV−2) Λ−(TeV) Λ+(TeV)
LL -0.0033+0.0056

−0.0050 8.9 11.4
RR -0.0036+0.0061

−0.0056 8.4 10.9
VV -0.0012+0.0017

−0.0020 14.0 19.1
AA -0.0004+0.0025

−0.0027 13.1 14.2
LR -0.0053+0.0079

−0.2210 2.1 9.2
RL -0.0053+0.0079

−0.2210 2.1 9.2
V0 -0.0011+0.0023

−0.0033 12.3 15.7
A0 -0.0028+0.0041

−0.0043 9.3 12.9

e+e− → l+l−

Model ε (TeV−2) Λ−(TeV) Λ+(TeV)
LL -0.0042+0.0027

−0.0028 9.8 16.5
RR -0.0046+0.0037

−0.0034 9.4 15.8
VV -0.0014+0.0012

−0.0012 16.5 26.2
AA -0.0018+0.0016

−0.0019 14.0 21.7
LR -0.0023+0.0051

−0.0045 8.5 11.2
RL -0.0023+0.0051

−0.0045 8.5 11.2
V0 -0.0020+0.0016

−0.0019 13.5 22.9
A0 -0.0011+0.0025

−0.0023 13.2 15.6

Table 11: Fitted values of ε and 95% confidence limits on the scale, Λ, for constructive (+)
and destructive interference (−) with the Standard Model, for the contact interaction models
discussed in the text. Results are given for e+e− → µ+µ−, e+e− → τ+τ− and e+e− → +++−,
assuming universality in the contact interactions between e+e− → µ+µ− and e+e− → τ+τ−.
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Preliminary LEP Combined

R- (TeV) R+ (TeV)

LL  9.8 16.5
RR  9.4 15.8
VV 16.5 26.2
AA 14.0 21.7
LR  8.5 11.2
RL  8.5 11.2
V0 13.5 22.9
A0 13.2 15.6

R- R+

l+l-  30. 0 30.

Figure 7: The limits on Λ for e+e− → +++− assuming universality in the contact interactions
between e+e− → µ+µ− and e+e− → τ+τ−.
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interactions.

6 Summary

A preliminary combination of the LEP-II e+e− → ff cross-sections (for hadron, muon and
tau final states) and forward-backward asymmetries (for muon and tau final states) from LEP
running at energies from 130 to 207 GeV has been made. The results from the four LEP
experiments are in good agreement with each other.

The averages for all energies are shown given in Table 2. Overall the data agree with the
Standard Model predictions of ZFITTER, although the combined hadronic cross-sections are on
average 1.8 standard deviations above the predictions. Further information is available at [5].

Preliminary differential cross-sections, dσ
d cos θ , for e+e− → µ+µ− and e+e− → τ+τ− were

combined. Results are shown in Figures 3 and 4.

A preliminary average of results on heavy flavour production at LEP-II has also been made
for measurements of Rb, Rc, Abb

FB and Acc
FB, using results from LEP centre-of-mass energies from

130 to 207 GeV. Results are given in Table 7 and shown graphically in Figures 5 and 6. The
results are in good agreement with the predictions of the SM.

The preliminary averaged cross-section and forward-backward asymmetry results together
with the combined results on heavy flavour production were interpreted in a variety of models.
The LEP-II averaged cross-sections were used to obtain lower limits on the mass of a possible Z′

boson in different models. Limits range from 436 to 1890 GeV depending on the model. Limits
on the scale of contact interactions between leptons and also between electrons and bb and cc
final states have been determined. A full set of limits are given in Tables 11 and 12.
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e+e− → bb

Model ε (TeV−2) Λ−(TeV) Λ+(TeV)
LL -0.0030+0.0045

−0.0047 9.3 11.8
RR -0.1755+0.1634

−0.0159 2.2 7.7
VV -0.0029+0.0038

−0.0040 10.0 13.3
AA -0.0018+0.0029

−0.0031 11.6 14.6
LR -0.0491+0.0555

−0.0384 3.1 5.5
RL 0.0065+0.1409

−0.0149 7.0 2.5
V0 -0.0021+0.0032

−0.0034 11.0 13.9
A0 0.0305+0.0203

−0.0348 6.4 4.0

e+e− → cc

Model ε (TeV−2) Λ−(TeV) Λ+(TeV)
LL 0.0146+0.5911

−0.0259 5.3 1.3
RR 0.0492+0.3723

−0.0568 4.6 1.5
VV 0.0008+0.0106

−0.0100 7.4 6.7
AA 0.0081+0.0171

−0.0154 6.6 5.0
LR 0.0913+0.1076

−0.1251 3.5 2.1
RL 0.0145+0.0872

−0.0872 2.9 2.6
V0 0.0047+0.0170

−0.0133 6.9 1.4
A0 0.0524+0.0736

−0.0780 4.0 2.6

Table 12: Fitted values of ε and 95% confidence limits on the scale, Λ, for constructive (+)
and destructive interference (−) with the Standard Model, for the contact interaction models
discussed in the text. From combined bb̄ and cc̄ results with centre of mass energies from 133 to
207 GeV.
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Figure 8: The 95% CL limits on the scale of Contact Interactions in e+e− → bb and e+e− → cc
using Heavy Flavour LEP combined results from 133 to 207 GeV.
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