
12 fermion and 2 photon prodution at e+e� ollidersA. BajoaaCentro de Investigaiones Energ�etias, Medioambientales y Tenol�ogias, Avda. Complutense 22,28040 Madrid, SpainHigh energy e+e� ollisions have provided a large amount of information and ontributed onsiderably toour understanding of partile physis. Fermion pair and photon pair prodution have been extensively studiedat LEP2, overing the large range of entre of mass energy from 130 to 208 GeV. In this paper, the availableombined measurements of the four LEP experiments are given for these two proesses. At the end, and withthese results, limits upon a subset of possible extensions of the SM are derived.1. INTRODUCTIONDifermion and diphoton subgroups of the LEPEletroweakWorking Group were formed in orderto ombine the measurements of the fermion andphoton pair prodution. With the ombination ofthe four LEP experiments (ALEPH, DELPHI, L3and OPAL) the statistial error of the ombinedmeasurements is redued by a fator of two.2. FERMION PAIR PRODUCTION
Figure 1. Lowest order diagrams for e+e�!f �fThe e+e� annihilation into a fermion paire+e�!f �f with f being a �, � or quark pro-eeds in lowest order via photon and Z exhangeas skethed in Fig 1.2.1. Event seletion and measurementsFor these s-hannel proesses, events at highe�etive entre of mass energies ps0 are seleted

by requiring ps0 > 0:85ps.The seletion riteria for hadroni events usethe multipliity of traks and eletromagnetialorimeter lusters, the total eletromagnetienergy and the energy balane along the beamdiretion. Muon pair events are required to havetwo traks identi�ed as muons and for �+��events two low multipliity jets. The detaileddesriptions of the event seletion performed byeah ollaboration an be found in [1℄.The averages between all four LEP experimentswere made using a tehnique equivalent to a �2minimization. The ombined results for the to-tal ross setions and forward-bakward asymme-tries1 at the full range of LEP2 energies are shownin Figures 2, 3 and 4 for hadroni, muon and taupair �nal states. The measurements of the ra-tios1 Rb and R are displayed in Figure 5.2.2. Searhes for new phenomenaComparison of the measured ross setions,forward-bakward asymmetries and angular dis-tributions with SM preditions allows to plaelimits upon many possible extension of the SM.In the ontat term formalism [2℄, in whih� represents the sale of new physis, severaldi�erent models are possible, whih di�er on theheliities of the fermioni urrents involved.Another sheme for new physis is the exten-sion of SM with an additional boson, the Z0 [3℄,1AFB is de�ned as �F��B�F+�B and Rq as �q�q�had
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Figure 2. Preliminary ombined LEP results onthe total ross setion for q�q, �+�� and �+�� �-nal states as a funtion of entre of energy Figure 3. Preliminary ombined LEP results on theforward-bakward asymmetries for �+�� and �+���nal states as a funtion of entre of energy

Figure 4. Preliminary ombined LEP results onforward-bakward asymmetries of Ab�bFB and A�FB Figure 5. Preliminary ombined LEP results on Rband R



3haraterized by its mass and the angle for themixing between the Z and the Z0. Di�erentmodels exist for di�erent hoie of the ouplings.The last set of model onsidered is the exis-tene of leptoquarks (LQ) [4℄, oloured spin 0 orspin 1 partiles arrying both baryon and leptonquantum numbers.The lower limits obtained at 95% of on�-dene level for the three extensions of the SM areolleted in Table 1.Table 1Combined 95% Con�dene Level limitsModel 95% CL Limit (TeV)Contat interations2 � > 8:5� 26:2� > 1:3� 14:6Z0 MZ0 > 0:4� 1:9Leptoquarks M > 0:2� 1:13. PHOTON PAIR PRODUCION
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γFigure 6. Lowest order diagrams for e+e�! The photon pair prodution reation provides avery lean QED test. It proeeds in lowest order�2 via single eletron exhange (Figure 6). Higherorder ontributions an be desribed by QED, the�rst order weak orretions are ompletely negli-gible at LEP2 energies.The di�erential ross setion has the followingsimple form:� d�d
�0 = �2s 1 + os2 �1� os2 � (1)2The �rst line is the result for ontat interation betweenleptons and the seond one the result for ontat intera-tion between eletron and b and  quarks.

where � is the polar angle between the eletronand photon.3.1. Event seletion and measurementsEvents are seleted by requiring at least twophotons in the �duial volume, identi�ed asenergy lusters on the eletromagneti alorime-ters without assoiated traks.The analyses for eah experiment are desribedin Referene [5℄ and the angular distributions areshown in Figure 7.Due to the di�erent angular aeptanes inthe LEP experiments, only the ratio of the mea-sured ross setion relative to the QED expe-tation is averaged. Table 2 shows the results ofthe single experiments and of the LEP �2 averagefor the measured ratio with their statistial andsystemati error added in quadrature.Table 2Ratios r = �meas=�QED for the four LEPexperiments averaged over all energies and theglobal average over all experiments and energiesross-setion ratioALEPH 0:963� 0:025DELPHI 0:974� 0:032L3 0:982� 0:021OPAL 1:000� 0:021LEP 0:982� 0:012
3.2. Limits on deviations from QEDPossible deviations from QED were onsideredin the ontext of several models.In the ase of e�etive interation with non-standard e+e� ouplings or with e+e� on-tat terms, a utt-o� parameter � [7℄ or �� [8,9℄is introdued to desribe the sale of the intera-tion.In the low sale gravity model [10℄, there an bee�ets due to the exhange of virtual gravitons.This model introdue an e�etive sale MS.The 95% on�dene level lower limits on eahmodel parameter were derived ombining the four
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Figure 7. Angular distributions of the four LEP experiments for the proess e+e�! 
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