
Archive ouverte UNIGE
https://archive-ouverte.unige.ch

Article scientifique Article 1992                                     Published version Open Access

This is the published version of the publication, made available in accordance with the publisher’s policy.

Electroweak parameters of the Z0 resonance and the standard model

Collaborators: Bourquin, Maurice; Burger, William; Duchesneau, Dominique Robert; Extermann, Pierre; 

Field, John; Forconi, Gilles Raymond; Goujon, Didier; Hoorani, Hafeez-Ur-Rehman; Kienzle, Maria-Novella; 

Perrier, Jacques; Produit, Nicolas; Wenninger, Joerg Horst

How to cite

ALEPH Collaboration et al. Electroweak parameters of the Z0 resonance and the standard model. In: 

Physics Letters. B, 1992, vol. 276, p. 247–253. doi: 10.1016/0370-2693(92)90572-L

This publication URL: https://archive-ouverte.unige.ch/unige:113910

Publication DOI: 10.1016/0370-2693(92)90572-L

© The author(s). This work is licensed under a Creative Commons Attribution (CC BY) 

https://creativecommons.org/licenses/by/4.0

https://archive-ouverte.unige.ch
https://archive-ouverte.unige.ch/unige:113910
https://doi.org/10.1016/0370-2693(92)90572-L
https://creativecommons.org/licenses/by/4.0


Physics lætters B 276 (1992) 247-253
North-Holland

The four LEP experiments are providing measure-
ments of unprecedented precision of the Zo reso-
nance and decay parameters. These measurements
permit a better understanding of both the strong and
electroweak interactions. For the best possible con-
frontation of these experimental results [1-a] with
the theory, we present here combined results of the
four Collaborations for the parameters derived from
the hadronic and leptonic line shapes as well as the
leptonic forward-backward asymmetry.

Each of the four LEP experiments fits cross sec-

tions and asymmetries to extract electroweak param-

eters. The combination of the four results raises some
technical questions on the correct treatment of the
differences in the analysis methods of the four exper-
iments, as well as the proper treatment of common
experimental and theoretical errors. These issues are

discussed in section 2. The combined results are given
in section 3. The implications for the standard model
ofelectroweak and strong interactions are discussed
in section 4.

2. How the results are combined

The programs used by the LEP experiments to pa-

rametrize the line-shape and lepton forward-back-
ward asymmetries have been described in detail else-

where [ 5,6 ]. To compare the procedures used by each

Lists ofauthors can be found in refs. [ 1-4]
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experiment, a common data set was fitted using the
procedures developed by each experiment. Differ-
ences among the results were small compared to the
sensitivity of the total LEP data.

The following systematic uncertainties are corre-
lated among the experiments:

- LEP absolute energy scale [7 ]: 20 MeV; this uncer-
tainty affects only M..
- LEP point-to-point energy uncertainty: l0 MeV,
assumed uncorrelated for each energy point; this un-
certainty corresponds to a systematic error of 5 MeV
oî fz.
- Luminosity theoretical uncertainty: the estimated
luminosity uncertainty for each experiment ranged
from 0.30lo to 0.50/0. We assigned 0.30/o as an estimate
ofthe correlated part ofthe uncertainty.

- Bhabha f-channel parametrization: all four experi-
ments used the same Bhabha parametrization pro-
gram [ 8 ]. Each experiment assumed an uncertainty
of 0.50/o of the total l-channel contribution which we

asSume to be fully correlated among them.
Other potential sources of correlated uncertainties

among the four experiments, including those due to
the use of common Monte Carlo programs for âccep-

tance corrections, were estimated to be negligible. The
effect of the correlated uncertainties on the lepton
forward-backward asymmetry measurements was
negligible for the current data sets.

To combine the results of the four experiments, we
have checked that it is sufficient to perform a
weighted average of the fit parameters directly. This
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The four LEP experiments have each performed precision measurements of Z0 parameters. A method is described for combin-
ing the results of the four experiments, which takes into account the experimental and theoretical systematic errors and their
correlations. We apply this method to the 1989 and 1990 LEP data, corresponding to approximately 650000 Z0 decays into
hadrons and charged leftons, to obtain precision values for the Z0 parameters. We use these results to test the standard model and
to constrain its parameters.
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method is correct if the errors are sufficiently gaus-

sian, and if the common systematic errors are treated
properly. These errors where subtracted quadrati-
cally before averaging the results, and were then in-
cluded in the final error. The advantage ofthis pro-

cedure over combining cross section and asymmetry
data is that of simplicity. The procedure has been
checked by comparing the averaged results to those
derived from combined fits tô the meâsured cross

sections and asymmctries of the four experiments.
The maximum deviation for any parameter between
the two sets of results was less than one tenth of the
uncertainty in that parameter, and is therefore negli-
gible. Studies have shown that interpretation ofthe
fit results is not sensitive to details of the correlation
matrix used, and that the average correlation matrix
adequately describes the combined parameters. The
results given in the following section were obtained

6 February I 992

by averaging the four sets of resonance parameters

and using the average correlation matrix.

3. Results

The four experiments express the Z resonance
measurements in terms of different sets of parame-
ters. Measured values for a set of these parameters
which has been published explicitly by thc four ex-
periments [ 1,4 ] are summarized in table 1 . The av-
erage correlation matrix of the four experiments for
these parameters is given in table 2.

For the mass and width of the Zo , the values givcn
correspond to the definition based on the Breit-
Vy'igner denominator s- MZ-lisf7/ M7. Throughout
this paper parameters are given after deconvolution
ofinitial state radiation and represent only the con-
tribution of Zo exchange.
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Table I
Line shape and lepton coupling constants from the four LEP experiments as published in refs. [ 1-4 ] . The common systematic errors are

20 MeV for M7, 5 MeV for 12, 0.25o/o lor f ., f n, f., fpand g2aÙ and 0.30/o for ofl. The 5 MeV of common error on 1-2 are not included for
ALEPH and L3. For other common errors see text.

ALEPH DELPHI L3 OPAL

Mz (GeY)
i-z (GeV)
o9 (nb)
[ (Mev)
l-u (MeY)
r" (MeV)

l-o (MpV)

8I, u)

g1, "'

91.182 +0.009
2.485 +0.017

4t.44 + 0.36
83.8 + 0.9
81.4 + 1.4

82.4 + 1.6

83.1 + 0.7

(r.76 +0.66) x 10-3
0.2480 + 0.0020

91.177 +0.010
2.465 +0.020

41.84 + 0.45
82.4 + 1.2

86.9 + 2.1

82.7 +2.4

83.4 + 0.8

(0.3 +1.0)x10-3
0.2508 + 0.0027

91.181 +0.010
2.501 +0.017
4t.t + 0.4

83.3 + l.l
84.5 + 2.0

84.0 +2.7

91.161 +0.009
2.492 +0.016

41.01 + 0.41

82.9 + 1.0

83.2 + 1.5

82.7 + 1.9

83.6 + 0.8

(2.t2 +1.20)xl0-3
0.2s00+ 0.0028

83.0 +0.7

(0.58 +0.70) x l0-3
0.2495+0.0023

u) The values quoted in the ALEPH and L3 papers were for ueand ae, rather than for g$, and g!,. ALEPH: up=-0'042!333? and

aq= - 0.498 + 0 .002.L3: uo= - 0.04618:8ll and ao= - 0.500 + 0.003. The values quoted in the OPAL paper were in the different nota-

tion using ûf =4g2y, and âf =4gflo rather than g?10 and g2a,: ûî =0.0023 !0.0028 and t2o2 = 0.998 + 0.009.

Table 2

Average correlation coefficients for parameter set oftable l. The entries given by a "-" correspond to lepton universality.

rz o?, r. rp r" fe 82v, c2^,

Mz
rz
ol
r.
rv
r.
r1
CT,

0.09 0.01 0.06
0.48
0.22

0.04
0.26
0.14

-0.19

0.03
0.22
0.1 I

-0.16
0.33

0.08
0.63
0.30

0.08
0.02
0.00

0.02
0.59
0.28

- 0.25

-0.32
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Averages for the four LEP experiments from Z0 line
shape and charged lepton forward-backward asym-
metry have been calculated for the parameters given
in table l, as well as for some other sets of parame-
ters. One such set consists of M7, fr, of; the hadronic
cross section at s-Mf, R"=16^6f 1", Ru=f6uaf fu
and À"=lnua/li. These parameters relate most di-
rectly to the observables measured by the experi-
ments and are the least correlated ones. Alternatively
the last three parameters can be replaced by the Zo
partial widths for decay into hadrons and lepton pairs.

The leptonic partial widths in particular are sensitive
to the electroweak sector and are essentially free from
QCD uncertainties. As a third set of parameters, we
give the leptonic branching ratios. All of these pa-
rameters are listed in table 3.

The lepton measurements are in agreement with
lepton universality. Therefore, the values for
Rs=T6uaf fe, l-0, the vector and axial-vector cou-
plings of Zo to charged leptons, Bvn, EN and the lep-
ton forward-backward asymmetry at the pole, l$s,
are determined assuming lepton universality. The
leptonic forward-backward asymmetry at the Zo pole
is given by sr

sr Effects coming from photon exchange, as well as real and
imaginary parts of the photon vAcuum polarization are ex-
cluded from this definition and accounted for in the fitting
formulae used by the experiments.

Table 3
Average LEP line shape parameters. Values forX2 ofthe weighted
average are quoted for those pararneters given directly by the four
experiments.

Parameter Average value xt

6 February 1992

A?":3 gIog2o"

GT,+ g'o)'

The results are given in table 4. Additional correla-
tion matrices for the most commonly used sets of pa-

rameters are given in tables 5 and 6.

Table 4
Average LEP Z0 parameters assuming lepton universality. Values

for 12 of the weighted average are quoted for those parameters

given directly by the four experiments.

Parameter Average value

PHYSICS LETTERS B

x'

Rr
i-r"a (GeV)

{ (Mev)
Br(Zo-hadrons) (o/o)

Br(Zo t0+0-) (o/s1

A9"
8T,
T'z""

gI,/g2o,
l-1"" (MeV)
f;n"/fp

20.89 +0.13
t.'740 +0.012

81.24 +0.42
69.93 + 0.31

3.347 + 0.013
0.0138 + 0.0049

(1.16 +0.41)xl0-3
0.2493 + 0.001 3

0.0047 + 0.0017
498 +8

5.985 +0.095

0.4

2.9
0.8

Table 5

Correlation coefficients for Z resonance parameters.

Mz
fz
o?,

À.
_R!

R.
R?

0.09 0.01

- 0.25
0.00

-0.07
0.10

0.00

- 0.03
0.13
0.07

0.00

- 0.03
0.10
0.05
0.07

0.00
* 0.07

0. 18

0.08
0.01

0.00

rz ofl R" Rp .R. Rr A3"

lz r" rr r" liua re

0.02

Mz (GeY)
f' (GeY)
ofl (nb)
R"
Rp

R"
j-" (Mev)
,l-u (MeV)
,ll (Mev)
Br(Zo+e+e- ) (o/61

Br(Zo-yt+trt-) (o/o)

Br(Zo+f r-) 7o/n1

91.175+0.021
2.487 + 0.010

41.33 +0.23
20.91 +0.22
20.88 +0.18
21.02 +0.23
83.20 + 0.55
83.35 10.86
82.76 + t.O2

3.345 + 0.020
3.351 + 0.034
3.328 + 0.040

Mz 0.09
rz
r.
lp
r"
,l-n.o

3.4
2.0
2.3

Table 6
Correlation coefhcients for Z resonance parameters. The values
in column 5 are calculated without assuming lepton universality.
With universality the correlation between ,l-2 and ["6 is 0.61.

1.0

5.1

0.3

0.06
0.48

0.04
0.26

- 0.19

0.03
0.22

- 0.16
0.33

0.05
0.4"7

- 0.31

0.58
0.49

0.08
0.63

0.26
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The Zo partial width to invisible final states, 1i.,,
is defined âs finu-17-fhud-3fe while the ratio
finu/ fpis extracted from the data using

6 February 1992

Unlike l-'"" itself, this ratio depends only on the ha-
dronic peak cross section and lnuu/f, and is essen-
tially independent offr. The values obtained for these
two quantities are listed in table 4.

85.6
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2.54

finu/fe:
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Fig. 1. Z parameters as a function of M, together with standard model prediction. (a) f", (b ) lo, (c) Ro, (d) C+,/CT,.
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4. The LEP results and the standard model

The impact of the above results on the standard

model can be stated as follows:

- They give more accurate values for some of the pa-

rameters of the model.

- They provide strong evidence that the standard
model contains the three known fermion families and

no others.

- They provide checks on the consistency of the model

which are an order of magnitude more sensitive than
previous experiments.

The parameters of the model which are either di-
rectly measured or deduced from these results are the

Z0 mass, the weak mixing angle, the top-quark mass

and the strong coupling constant. The latter three will
be discussed below. The value for the Z0 mass,

Mz:91.17 5 + 0.021 GeV was given in section 3.

In the standard model, each light neutrino species

(light here means much lighter lhan lMt) contrib-
utes 1l to the invisible width of lhe Zo. The ratio of
the partial widths to ncutrinos and charged leptons
in the standard model is given by

l,f fe:1.993+0.004.

This ratio is particularly insensitive to radiative cor-
rections, as shown by its very small uncertainty. This
error was estimated by allowing the top mass to vary
from 90 to 200 GeV.

Thus the measurement of fin"f lo can be used to
determine

N":3.00+0.05.

The quoted error includes 0.02 coming from the
common theoretical systematic uncertainty in the lu-
minosity determination.

Assuming that all neutrinos have masses much
smaller lhan lMt, this result excludes a fourth fer-
mion family. Moreover, the fact that N, within its
small error, is consistent with an integer, constitutes
a sensitive test of the electroweak theory.

For a given v alue of Mtthe standard model pretlic-

tions for the quantities 17, fq, as well as the asym-

metryl$s can be calculated. They are sensitive to M,
and Mt, through radiative corrections [5,6 ]. The top-
quark mass dependence is dominated by an M2, lerm
in the region of interest, and is large compared to the
sensitivity of the measurements. The additional Higgs

6 February 1992

mass effect is logarithmic and small, so that at pres-

ent useful conclusions about the Higgs mass are not
possible. In fig. I we show the measurements of 12,
fe, Roand, g2yo/ gze, together with their standard model
dependence on M,. In these calculations we have con-
strained the strong coupling constant to be

cv"=0.118+0.008. [9]. We have assumedMH:300
GeV and have included a variation of Mtin the range

50-1000 GeV in the errors.
Infig.2 standard model constraints for Z line-shape

parameters and forward-backward asymmetries are

shown as function of the effective weak mixing angle,
sin2 0!"S', and Mr. In addition, we show constraints
coming from measurements of M* and My,l MTfrorn
CDF [0] and UA2 [11], and from measurements
ofthe neutrino neutral to charged current ratios from
CDHS [2] and CHARM [3]. Here, sin2dlift is
defined in terms of the ratio of the leptonic vector
and axial-vector coupling strengths

sin20!",f' : i (l - gu,l go,)

With a ffi lo fz, o3, gtu, and g2oo we have deter-
mined Mrand the strong coupling constant a" simul-
taneously. We have used the central value M": 300
GeV and the constrainr Mz=91.17 5 + 0.021 GeV. In
addition we have performed this fit including the

0.27

0.26

go
0.25@

N
c'6

160

M rop 
(GeV)

240

Fig. 2. Constraints on sin2 â!"$t versus Mrfrom different mea-
surements corresponding to 1o limits.
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Table 7 \
Results offits to LEP and other datafor Mrand a.. In the first and third column a" is unconstrained whereas, in the others it is constrained
tothevalue0.l18+0.008. InthethirdandfourthcolumndataareincludedfromtheppexperimentsUA2 lll:Mw/Mr:0.8813+0.0041,
and CDF ll0l: Ms=79.91 +0.39 GeV and from the neutrino experiments, CDHS [2] and CHARM [3]: sin'zd*=0.2300+0.0064.
The first error is experimental while the second error corresponds to 50 GeV<Ms< 1000 GeV. The dots for the negative error of M,
indicate that it reaches the bound for open top production, which is not implemented in the parametrizations used.

a" unconstrained a" constrained a" unconstrained
I collidcr and v data

as constrained
* collider and v data

n4 (Gev)
ols

x2 /tJ.o.Î.
sin20!ffr

sin2P*= 1-Mç/MZ
Mw (GeV)

g4!s3:?;

0.141+0.017+0.002
0.3/2

t.A+4O+21

0.123 +0.007
'rtt\
0.2337 t 0.00 I 418 8881

o.r2ee18:88f1
so.0l 13:3i

I 24*31* i$
0.138 +0.015
t.s/5
0.2337 r 0.00 1 013 333i

0,2299 + 0,0033
80.01 +0.19

t12!4i!lg
0.123 +0.007
3.0/6
0.2335 + 0.0009

+0.0001
- 0.0004

0.??90 + 0.0033
80.06 +0.19

constraint o.: 0. I I 8 + 0.008. We have also repeated
both lits using Mw aîd Mw/Mzmeasurements from
pp and neutrino experiments. The results are sum-
marized in table 7. A variatioî of MH in the range
50-1000 GeV contributes to the systematic error of
Mrwhile it is negligible for as. Also shown in table 7

are the corresponding values for sin2 0!"ft,
sin2d*: I -M?NIMZ and Mw. The quality of the fits
is illustrated in ligs. 3a and 3b where the X2 of the fit
is shown as a function of M..

10

5. Conclusions

Combining these measurements of the four LEP
experiments results in a considerably enhanced sen-
sitivity with respect to that afforded by any one ofthe
four data sets. Directly combining the parameters de-
rived by the LEP experiments reproduces well the re-
sults of simultaneous fits to the four sets of cross-sec-
tion and lepton forward-backward asymmetries.

The Z line shape parameters and the lepton for-

=
o

c!R

I

2

6

4

0 50 100 150 200 100 150 200 250

M,oo (GeV) M,oo (GeV)

Fig.3.X2 asfunctionofMrfroma{itto (a) LEPdatawiththreedegreesof freedom, (b) LEPdataandppcolliderandvdataforfive
degrees of freedom.
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ward-backward asymmetry have been determined
with a new level ofprecision. These results check the
consistency of the standard model with an order of
magnitude greater sensitivity than previous experi-
ments. With the expected reduction in the statistical
and systematic errors of the LEP experiments, more
stringent checks will be possible in the future.
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