
The hadronic structure function F 
2 forquasi-real photonsG D CowanPhysics Dept., Royal Holloway, University of London, Egham, Surrey, TW20 0EX, UKE-mail: g.cowan@rhbnc.ac.ukAbstractResults on the hadronic structure of the photon are presented, including recentmeasurements of F 
2 from the ALEPH, L3 and OPAL experiments.1. IntroductionElectron-positron colliders provide the opportunityto investigate the hadronic structure of the photonthrough the two-photon reaction e+e� ! e+e�+hadrons. Single-tag events, where one electronremains in the beam pipe and the other is measuredwith an angle �tag and energy Etag, can be viewedas the deep inelastic scattering of an electron andan (almost) real photon. The di�erential crosssection of Q2 = 2EtagEbeam(1 � cos �tag) and x =Q2=(Q2 +W 2), where W is the invariant mass ofthe hadrons, can be directly related to the photonstructure function F 
2 (x;Q2). The formalism ofsingle-tag 

 collisions is described in e.g. [1].Here recent measurements of F 
2 based on datafrom the ALEPH [2], L3 [3, 4] and OPAL [5]experiments at the LEP e+e� collider are presented.2. Unfolding F 
2An important source of uncertainty in measure-ments of the x distribution are the corrections thatmust be introduced to account for detector accep-tance and resolution (unfolding). These correctionsrequire a response matrix, obtained by means of aMonte Carlo model where events are generated andthe detector response simulated.Scatter plots from Monte Carlo studies byALEPH of measured vs. true values of x are shownin Fig. 1. The four plots are for events with di�erentvalues of the variable E17, de�ned as the totalenergy of the particles within 17� of the beam line.One can see that events with low E17 have muchbetter x resolution. The response matrix for xobtained from a Monte Carlo model corresponds tothe average x resolution resulting from the model'sE17 distribution. The uncertainty in the unfolded xdistribution due to this model dependence has been
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Figure 1. Plots of the measured vs. true values of x forevents with di�erent values (in GeV) of E17 (see text).an important source of systematic error in previousmeasurements. If, however, E17 is measured fromthe data, then this uncertainty is avoided. Inaddition, one obtains smaller statistical errors, sincethose events for which x is well measured (low E17)are given a higher weight and their information isnot diluted by events with poor x resolution.The results presented here by the ALEPH andOPAL experiments are based on two-dimensionalunfolding methods using both x and an additionalvariable such as E17. More information on un-folding can be found in [6, 7]. Further improvementshave been obtained by OPAL and L3 by includingkinematic information from the tagged electron inorder to estimate the hadronic mass W .



23. Results and conclusionsFigures 2{4 show the photon structure function inseveral Q2 ranges measured using data from LEP2by the ALEPH, L3 and OPAL experiments. Alsoshown on the plots are predicted parametrisationsof F 
2 from several groups identi�ed by the initialsof the authors; the references can be found in[2, 3, 4, 5]. The measurements from ALEPH andOPAL show good agreement with the prediction ofGRV [8], while the L3 measurement is somewhathigher, especially at low x. Improved measurementsare to be expected in the future as more of the LEP2data are analysed.
PRELIMINARY
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Figure 2. F 
2 measured by ALEPH [2].
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Figure 3. F 
2 measured by L3 [4].

OPAL Preliminary

x

F
γ 2(

x)
/α

LEP2 SW, <Q2>=10.6 GeV2

Previous OPAL result, <Q2>=7.5 GeV2
GRV LO <Q2>=10.0 GeV2

GRV LO <Q2>=7.5 GeV2

x

F
γ 2(

x)
/α

LEP2 SW, <Q2>=17.7 GeV2

Previous OPAL result, <Q2>=14.7 GeV2
GRV LO <Q2>=17.7 GeV2

GRV LO <Q2>=14.7 GeV2

(a)

(b)

0

0.2

0.4

0.6

0.8

1

10
-3

10
-2

10
-1

1

0

0.25

0.5

0.75

1

10
-3

10
-2

10
-1

1Figure 4. F 
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