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SUMMARY OF THE PHOTON STRUCTUREFUNCTIONS � MEASUREMENTS AT LEP�M. Przybyie«University of Mining and MetallurgyAl. Mikiewiza 30, 30-059 Craow, Polande-mail: Mariusz.Przybyien�ifj.edu.pl(Reeived June 16, 2002)The present status of the photon struture funtions measurements atLEP is disussed. The short introdution to the kinematis and theoretialframework of the struture funtions measurements at LEP is given �rst.Then follow presentations of the most important measurements, rangingfrom the QED photon struture funtion, through the hadroni struturefuntions of real and virtual photons, and at the end the �rst measurementof the eletron struture funtion is shown.PACS numbers: 13.65.+i 1. IntrodutionThe photon as the gauge boson of the quantum eletrodynamis (QED)mediates the eletromagneti interations between harged objets. In theseinterations it an be regarded as a strutureless objet, and is alled diret.However due to the unertainty priniple, the photon an �utuate into apair of fermion�antifermion system arrying the same quantum numbers asthe photon. If during suh a �utuation, one of the fermions interats withanother objet, then the struture of the photon is revealed, and the photonis alled resolved. The struture of resolved photons is further subdividedinto a part whih is perturbatively alulable (alled point-like) and the partwhere the photon �utuates into a hadroni system (alled hadron-like).At LEP, the struture of the photon is studied in the interations ofeletrons and positrons1 proeeding via the exhange of two photons, one ofthem being almost real and the other virtual. Suh a proess is shemat-ially shown in Fig. 1(a). It an be regarded as deep inelasti sattering� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.1 For oniseness, positrons are also referred to as eletrons.(2959)



2960 M. Przybyie«of the eletron o� the quasi-real target photon, and is experimentally iden-ti�ed by tagging the sattered eletron in the detetor. The variables inparentheses are the four-vetors of the partiles shown in the diagram. Theusual kinematial variables are de�ned in the following. The virtualitiesof the probe and target photons are given by Q2 and P 2, respetively:Q2 � �q2 = �(k � k0)2 > 0; and P 2 � �p2 = �(l � l0)2 � 0: The enter ofmass energy of the e+e� system is given by s = (k + l)2 and the invariantmass squared of the two photon system reads W 2 = (q + p)2. The usualBjorken variables are: ye = l � q=l � k, x = Q2=2q � p, z = Q2=2q � l , where xis alulated with respet to the target photon. However, the same proessan be also interpreted as a deep inelasti sattering of the eletron o� thetarget eletron (see Fig. 1(b). In that ase the Bjorken saling variable isalled z and alulated with respet to the target eletron.
Fig. 1. Deep inelasti sattering of the eletron o� the quasi-real photon (a) ando� the target eletron (b).The kinemati variables are experimentally measured using the energy,E, and the polar angle, �, of the sattered eletron. Only the measurementof x is based in addition on the measurement of W . As the signi�ant partof the hadroni system is missing in the beam pipe, the measurement ofW and onsequently of x is muh less preise than the measurement of z.Following formulas are used to alulate the kinemati variables:Q2 = 2EEb(1� os �) ; ye = 1� EEb os2 �2 ; x = Q2Q2 +W 2 ; z = Q2yes :The ross setion for the proess shown in Fig. 1(a) an be expressed interms of photon struture funtions as follows:d4�eedxdQ2dzdP 2 = 2��2x2Q4 ��1+(1�ye)2�F 2 (x;Q2)�y2eF L(x;Q2)� f̂ e(z=x; P 2) ;where f̂ e(y; P 2) = �2� 1P 2 h1+(1�y)2y � 2ym2eP 2 i is the �ux of quasi-real photonsof transverse polarization in the eletron and the P 2 dependene of the



Summary of the Photon Struture Funtions � Measurements at LEP 2961struture funtions has been negleted. Treating the target photon as realis an approximation, beause in fat it is always o�-shell. Integrating the�ux over P 2 and z we arrive at the standard DIS formula for e sattering:d2�edxdQ2 = 2��2xQ4 ��1 + (1� ye)2�F 2 (x;Q2)� y2eF L(x;Q2)� :On the other hand the ross setion for the proess shown in Fig. 1(b) anbe immediately expressed in terms of the eletron struture funtions [1℄:d2�eedzdQ2 = 2��2zQ4 ��1 + (1� ye)2�F e2 (z;Q2)� y2eF eL(z;Q2)� :The photon struture funtion, F 2 (x;Q2), and the eletron struture fun-tion, F e2 (x;Q2), are related via the following integral equation:F e2 (z;Q2) � 1Zz dx P 2maxZP 2min( zx ) dP 2 zx2F 2 (x;Q2; P 2)f̂ e(z=x; P 2) :2. MeasurementsA reent olletion of results onerning the photon struture funtionmeasurements at LEP an be found e.g. in [2℄. Here only a brief aount ofthe newest results is presented.The QED photon struture funtion, F 2;QED, has been measured at LEPin a broad range of photon virtualities 1:4 < hQ2i < 130 GeV2 using the�+�� �nal state. A summary of the LEP measurements together with re-sults from the previous experiments is shown in Fig. 2. In the plot theevolution of F 2;QED as a funtion of Q2 is shown for di�erent average valuesof x. A very good agreement between preditions and the measurements isobserved.The measurements of the hadroni photon struture funtion F 2 havebeen reently extended to higher values of Q2. In Fig. 3(a) the measure-ments of F 2 =� as a funtion of x performed by OPAL [3℄ and DELPHI [4℄experiments are shown. The Q2 evolution has been studied in a broad rangeof photon virtualities (Fig. 3(b)). As predited by QCD, the data showpositive saling violations in F 2 with F 2 =� = (0:08 � 0:02+0:05�0:03 + (0:13 �0:01+0:01�0:01 lnQ2, where Q2 is in GeV2 and for the entral x region 0.1�0.6.
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