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Chapter 1 

Introduction 

Processes governed by the strong or nuclear force behave very differently from those governed by 
other forces. This is largely due to the remarkable feature that the coupling between strongly 
interacting particles is large when these objects are separated by a large distance and weak 
when the distance is small. This behaviour is reflected in the running of the strong coupling 
constant, as, which is small at short distances and big at large distances. 

For high energy scattering it is, in general, not possible to calculate exactly the cross section 
of a given process. At present, the best tool available to perform calculations, is a perturbative 
expansion in powers of the coupling constant, of the interaction under consideration. For 
the electromagnetic and weak forces, where the coupling constants are much smaller than 
1, this technique allows for calculations of cross sections with a phenomenal precision. In 
strong interactions, however, when the distance between the interacting particles is large, the 
coupling constant as is large and the perturbative expansion breaks down. This means that long 
range strong correlations are not calculable. As a consequence, the confrontation of quantum 
chromodynamics (QCD), the theory that governs the strong interaction, with experimental 
results is complicated. Measurements have to be defined in such a way, that the sensitivity to 
long range correlations is small. This requires great care in the definition of measurements and 
in their interpretation. 

A typical QCD process that can be measured, e.g. at the HERA ep collider in Hamburg, is 
the photoproduction of jets, "f+p —>• jet(s)+X, where the quasi real photon has been radiated 
from the electron beam. Two processes contribute: the direct process in which the photon 
couples directly to a parton inside the proton and the resolved process where the photon acts 
as a source of partons, one of which scatters off a parton in the proton. The photoproduction 
of jets is governed by both the electromagnetic and the strong force. As electromagnetic 
interactions are well understood, the confrontation of jet photoproduction measurements with 
QCD predictions, constitutes a quantitative test of this theory and yields information on the 
partonic structures of the proton and the photon. 

This thesis presents a study of photon-proton interactions1 with two high transverse energy 
jets in the final state. We use a sample of ep interactions recorded with the ZEUS detector 
in 1995 and corresponding to an integrated luminosity of 6.3 pb_1. The dijet photoproduc-

: The analysis presented in this thesis has been published in [1]. Initial results from an analysis, similar to 
the one presented in this thesis, have been presented in [2]. 
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tion cross section, which is measured as a function of the transverse energies and the angles 
of the jets, is confronted with next-to-leading order quantum chromodynamics (NLO QCD) 
predictions. 

In addition, at the end of this thesis preliminary results are presented of an ongoing analysis 
using data collected in 1996 and 1997. These data correspond to a larger luminosity than the 
data collected in 1995 and will be used to extend the study of dijet photoproduction to higher 
transverse energies of the jets. 


