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hThe four LEP experiments have measured the 
ross se
tion of both single-W andsingle-Z pro
esses. The obtained 
ross se
tions are in agreement with the StandardModel expe
tations.1 Introdu
tionThe single-W and single-Z produ
tions have been studied by the four LEP experi-ments. The produ
tion 
ross se
tion of these pro
esses is about 1 pb at LEP2, to
ompare to the W boson pair and the Z/
 produ
tions (18 pb and 100 pb, respe
-tively, for a 
entre-of-mass energy of 200 GeV) and to the integrated luminosity ofabout 700 pb�1 that has been gathered per experiment. As a result, these pro
essesare ba
kground of many sear
hes at LEP (see Ref. [1℄ and [2℄) and a stringent testof the Standard Model. Moreover, the single-W also probes the WW
 
oupling [3℄.2 Charged Weak BosonSingle-W produ
tion at LEP2 is de�ned as the 
omplete t-
hannel subset of Feyn-man diagrams (see Figure 1) 
ontributing to the e�ef �f 0 �nal states, with extraphase spa
e requirements: mqq > 45 GeV/
2 for the e�q�q �nal states, El > 20 GeVfor e�el�l where mqq is the invariant mass of the quarks, El the energy of a leptonwhi
h is either a muon or a tau, and j 
os �e� j > 0.95, j 
os �e+ j < 0.95 and Ee+ >20 GeV (or the 
harge 
onjugate 
uts) for the e�ee�e �nal states.For the leptoni
 de
ay of the W boson, a single tra
k is expe
ted for the ele
tron,the muon and the one prong tau. For the hadroni
 de
ay, single-W events have onlytwo jets inside the dete
tor, some transverse missing momentum and no isolatedlepton. Topologi
al 
uts whi
h 
an be found in Ref [4℄, [5℄, [6℄ and [7℄ for thefour LEP experiments are used to sele
t the signal-like events. Typi
al sele
tioneÆ
ien
ies are between 30% and 50%.To extra
t the 
ross se
tion, the Standard Model bran
hing ratios of the Wboson are assumed. The individual results of ea
h experiment are 
ombined per
entre-of-mass energy. Although the measurement un
ertainties are dominated bystatisti
s for ea
h 
entre-of-mass energy, the 
orrelation of systemati
 un
ertaintiesbetween the LEP experiments is taken into a

ount. The predi
ted 
ross se
tionby the GRACE [9℄ or WPHACT [10℄ generators is in good agreement with the
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WFigure 1. Feynman diagrams of the ee ! We�pro
ess. Figure 2. Feynman diagrams of the ee! Zee pro
ess.measurement, as shown in Figure 3. The ratio between the observed and predi
ted
ross se
tions by the GRACE generator, shown per 
enter of mass energy in Figure4, is, in average: < �LEPWe��GRACEWe� >= 0:958� 0:079:3 Neutral Weak BosonsThe main diagram 
ontributing to this pro
ess is shown in Figure 2. A quasi-realphoton is emitted by one of the beam ele
trons. The other ele
tron is s
attered atvery low angle and usually lost in the beam pipe. The \single-Z" signal is 
omposedof the following four fermions events, e+e� ! e+e�f �f , with f �f being q�q or �+��.To enri
h the sample, extra phase spa
e requirements are applied:mf �f > 60 GeV/
2 and�e+ > 168; 60 < �e� < 168 and Ee� > 3 GeV for a visible ele
tron, or�e� < 12; 12 < �e� < 120 and Ee+ > 3 GeV for a visible positron,the positron dire
tion being +z. The sele
tion of di-muon events is rather straight-forward. Events are required to have one ele
tron and two muons, the total 
hargeof the events being +/- 1. Constraints on the allowed angular range were also set,to take into a

ount the missing momentum of the ele
tron lost in the beam pipe.To in
rease the statisti
al power of the di-muon 
hannel, all data are merged by the
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Figure 3. Measured single-W 
ross se
tions as fun
-tion of the 
entre-of-mass energy. The shaded bandrepresents the 5% theoriti
al un
ertainty of the MonteCarlo generators GRACE and WPHACT
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Figure 4. Ratio of LEP 
om-bined single-W 
ross se
tionmeasurements to the GRACEpredi
tions, the yellow bandbeing the 5 % un
ertainty onthe theoreti
al 
ross se
tion.experiment themselves and then 
ombined. The ee�� 
ross se
tion thus obtainedis: �Zee!��ee = 0:063� 0:011 pb.Hadroni
 events are sele
ted upon the following 
riteria: a loose presele
tionrequiring suÆ
ient hadroni
 a
tivity, the presen
e of an ele
tron 
andidate ful�llingthe signal de�nition. Additional 
riteria are applied to the hadroni
 system. All thedetails of the sele
tion 
an be found in Ref. [11℄ for ALEPH, Ref. [5℄ for DELPHI,Ref [12℄ for L3. Figure 5 shows the agreement between the measured single-Z 
rossse
tion and the predi
tion of the GRACE and WPHACT simulation. A furthertest of this agreement is obtained by 
omparing the ratio of observed and predi
ted
ross se
tions. The result is shown on Figure 6.As 
an be seen in Figure 5, the single ve
tor boson produ
tion will be thedominant sour
e of weak bosons in up
oming linear 
olliders [13℄.A
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Figure 5. Measured hadroni
 single-Z 
ross se
-tions as fun
tion of the 
entre-of-mass energy. Theshaded band represents the 5% theoriti
al un
er-tainty of the Monte Carlo generators GRACE andWPHACT.

0.848 ± 0.222

0.941 ± 0.150

1.085 ± 0.289

0.932 ± 0.170

0.767 ± 0.204

1.078 ± 0.230

0.752 ± 0.179

1.033 ± 0.198

0.914 ± 0.073

08/07/2003

0.8 1. 1.2

  Measured σZee / Grace

Figure 6. Ratio of LEP 
ombinedhadroni
 
ross se
tion measurementsto the GRACE predi
tions, the yellowband being the 5 % un
ertainty on thetheoreti
al 
ross se
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