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1.  Introduction 

      Experiments with the Large Electron-Positron Collider at CERN have been started in 1989. Four large 
detectors have been constructed at  LEP:  ALEPH,  DELPHI,  L3,  and OPAL. The simultaneous operation of 
all these detectors provided powerful cross checks of the obtained results that made them highly reliable. 
PNPI took an active part in construction and operation of the L3 detector. In the first period of 1989 – 1995, 
LEP  operated  at the center-of mass energy of mz (LEP-I phase).  The main motivation was investigations of 
electroweak (EW) processes and verification of the validity of the most complete theory – the Standard 
Model (SM). The first  target  was  the  intermediate neutral vector boson, already experimentally discovered,  
Z boson. In the six years period several millions of Z’s was produced, its mass and widths (total and partial), 
branching ratios into all possible final states were measured.  The SM parameters were determined with high 
accuracy. There was no evidence of deviations from the SM predictions. Some free parameters of the theory 
were estimated. The number of leptons families was established to be equal to three, the same as the number 
of quarks families in the strong interaction sector of the SM. The high precision reached provided a 
possibility to constrain the mass of not yet discovered top quark  from the calculations of the loop correction 
to the bare Z-boson mass using  in the calculations the value of  the charged vector boson mass  mw, already 
observed in the experiments on hadron colliders. The correction is rather strongly, quadratically, depends on 
the quark mass, but there are also contributions from the scalar bosons. To explain the mass splitting of the 
EW intermediate bosons – photon, Z and W −  there should be at least one scalar Higgs boson (H), which also 
enters into the loop calculations.  It was not found any scalar boson in the experiments, i.e. the mass of the 
boson is high (mH > 58 GeV), moreover the loops correction from this source is only weakly (logarithmically)  
dependent on the Higgs boson mass. For this reason, the prediction of the mass of top quark was rather 
accurate ( 30

16197tm +
−=  GeV).  Such low limit gave a chance to observe the top quark production on the 

proton-antiproton collider at Fermilab1,2. After several years of very difficult studies the top quark was 
discovered by Fermilab experiments, confirming once more the high predictive power of the SM. The  main 
results of the L3 experiments during  LEP-I operation  have  been  already  presented  in  the  previous reports  
[1, 2]. 
      Already  at  the  early  stage  of  the  LEP  project,  it  was  decided to rise up the beam energy to 100 GeV  
(LEP-II). At this energy the EW cross section of production of the W pairs is rising first and then is flattened 
out. Copious W production studies make possible to determine the parameters of the W boson with higher 
accuracy, making the theoretical constraints much tougher, in particular predicting the range of the Higgs 
boson mass. 
      The data taking on LEP-II was terminated in 2000 but sophisticated analysis is still under way. For 
example, during last 5 years the L3 collaboration has published more than 30 papers with the final results. At 
the same time, all four LEP experiments – ALEPH, DELPHI, L3, and OPAL – in the frame of the LEP 
Working groups (WG) – carried out combined  studies of different topics of the SM, with consideration of all 
available data including the relevant Fermilab results. Some of  the WG reports are already published or 
presented during international conferences. In this report, the most spectacular results from the LEP-II 
experiments on the SM verifications will be reviewed [3].  
 
 
 
 
 
 
                                                           
1 F. Abo et al. (CDF Collaboration), Phys. Rev. Lett. 79, 4327 (1997). 
2 B. Abbott et al. (D0 Collaboration), Phys. Rev. Lett.  80, 2051 (1998). 
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 2. e+e− -annihilation into two photons or two fermions 
 
       During  1996-2000  LEP  was  running  at  the  center-of-mass  energies  above  the  Z pole 130−209 GeV  
(LEP-II), and the total luminosity per experiment of  700 pb−1  has been collected . 
      The reaction e+e−  → γγ(γ)  provides  a  clean  test  of  the theory (QED) up to the highest energy available, 
and it can be a good tool for  search of   non-standard physics signals. The total cross sections measured were 
found to be in a good agreement with the QED. Table 1 shows the results. 
 
                                                                                                                              Table 1  
                                                       Cross section ratios σmeas/σQED   of the process e+e− → γγ(γ)  
                                                                                       from the LEP experiments 

                                                        
 
      The differential cross sections are also in good agreement with QED (Fig. 1).  
 

                                          
                     Fig. 1. An example for photon angular distribution of the process e+e− → γγ(γ), total energy 207 GeV 
 
      The modification of the QED model for two photon annihilation  is a short-range exponential deviation 
from the Coulomb field with the cut-off parameters Λ± : 
 

                                                       
      The  combined  fit  of  the  four LEP experiments provides limits for these parameters  Λ+  > 392 GeV and  
 Λ− > 364 GeV. 
      The process of  two fermions production is interesting in particular for a search of new objects, outside of 
the SM: an additional heavy vector boson Z’, leptoquark, influence of the extra dimensions. Different models 
of  the new physics have different sensitivity to such objects. The lower limit of  Z’ mass   is  340−1800 GeV, 
depending on the model; the leptoquark mass should be higher than 100−1000 GeV for different quark type. 
Limit on the scale of gravity in models with large extra dimensions is higher than 1 TeV.    
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3. W-boson production and its properties 
 

      LEP-II operated above the W-pair production threshold. The W-pair cross sections  and  the W-decay  
branching ratios have been measured in the whole energy range of LEP-II. Figure 2 shows the  comparison 
of the SM prediction with the experimental data with the W-mass fixed at 80.35 GeV. 
There is good agreement:  σmeas /σtheo  = 0.995 ± 0.009. 
      Close to the threshold, the cross section is sensitive to the W boson mass. Such estimates are 
summarized in Table 2.  At higher energies, the cross section has little sensitivity to mW. For these energies, 
the direct reconstruction of the W boson invariant mass was done from the observed jets and leptons. At the 
same time the W width was also estimated. Tables 3 and 4 show the results.  

 

                            
                            Fig. 2. Measurement of the W-pair production cross section compared with the SM prediction 
 
 
 

                                                                                                   Table 2  
                                   The W mass measurement from W-pair threshold cross section  

                                  
 

                                                                                                                                                                       Table 3 
                                                                 The W mass measurements from direct reconstruction 
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                                                                                                                                        Table 4 
                                                                     The W width estimations 

                                     
The ‘published’ column is taken from the individual publications. In  the last  column, final state interaction 
correction  common for all experiment was applied. 

 
      The combined LEP results for  mW and ΓW are : 

 

                                             
 

      The branching ratios measured are presented in Table 5. As one can see, the probability of the W decay 
into τ lepton is more than 2 standard deviations above the SM prediction (10.83%) for all four LEP 
experiments. However, the averaged  leptonic branching ratio BR(W → leptons) = (10.84 ± 0.08)%  in a 
good agreement with the SM value. 
      Within the SM, the W branching fractions are determined by 6 matrix elements |Vqq´| of the Cabibbo-
Kabayashi-Maskava (CKM) quark mixing matrix. Using the strong coupling constant αs(MW) =0.119 ± 0.002  
and the sum |Vud|+|Vus|+|Vub|+|Vcd|+|Vcb| = 1.0476 ± 0.0074 one can get an estimate of   |Vcs| = 0.976 ± 0.014, 
where the dominant contribution into the error is statistical. 
 
 
                                                                                                                                                                                   Table 5 
                                                                                           Summary of W  branching fractions 
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      In addition to the total W+W− cross section,  the  differential  cross  sections  were  also  measured (Fig. 3). 
The data are described rather well by the SM predictions. 

 

                       
                                   Fig. 3. Differential cross sections for the W-pair production. 4 different energy regions  are selected.  
                                   OPAL,DELPHI and L3 results are combined and compared with the SM predictions 
 
 
4.  Triple gauge boson coupling and search for anomalous vertices 
 
      The measurement of gauge boson couplings and the search for possible anomalous contributions are 
among the main goals of LEP-II. The W-pair production process involves charged triple gauge boson vertices 
− W+W−Z  and W+W−γ. Single W and single photon production is also sensitive to these couplings. The most 
general description of  the triple gauge coupling (TGC) includes 14 complex constants. The electromagnetic 
gauge invariance and C and P conservation decrease this number to five: 1

Zg , κZ, κγ, λZ, λγ. In the SM 1
Zg = κZ 

= κγ  = 1, λZ = λγ  = 0. In the LEP analysis, 3 real parameters 1
Zg , κγ, λγ  are used. Moreover, only one- and two-

parameter fits are done (Tables 6 and 7). No deviations from the SM predictions are found. 
      Similar analysis has been done for reactions with production of  Zγ and Z-pair. In these cases, neutral 
gauge vertices do not occur in the SM. Within SM quadric gauge boson vertices exist, but effects of such 
couplings are below experiments sensitivities.  
      Anomalous vertices search has been performed with the negative results.  
 
 
                                                                                                                                                                                    Table 6  
                                                      Results of one parameter fit for charged triple gauge boson couplings           
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                                                                                                                                                                                 Table 7  
                                                            Results of two parameters fit for charged triple gauge boson couplings 
                                                                                                         
. 

 
   
     
 
 
 

 
 
 
 
 

5. Constraints of the Standard Model 
 

      The  precise  measurements  performed  at LEP-I  and  LEP-II together with  results  from  other  colliders  
(SLC and Tevatron) allow to check the SM and to make some predictions for the mass of the Higgs boson 
mH. Figure 4 illustrates the results of the combined analysis. 
 

                   
 
    Fig. 4. The comparison of indirect measurements of mW and mt ( LEP-I and SLD) and direct mass reconstruction   
    (LEP-II and Tevatron).  Correlation of these quantities with  the  SM Higgs boson mass is also shown. The arrow   
    indicates the change of the correlation if  α(mZ) is changed by one standard deviation. 
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