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Summary 

In this thesis, we have presented an analysis of dijet photoproduction, based on data collected 
with the ZEUS detector in 1995. In performing the analysis, which refers to jets with relatively 
high transverse energies, care has been taken to minimise the theoretical uncertainties involved 
in the comparison of theory and experiment. These uncertainties, which include: fragmenta
tion effects, jet finding, scale uncertainties and underlying events, have been studied and were 
found to be under control (typically less than 10%), in most of the kinematic region of the 
measurement, presented in this thesis. 

To improve on the experimental precision obtained in earlier measurements, a new method 
was applied to reconstruct kinematic variables. This method involves the use of combined 
information from the ZEUS calorimeter and inner tracking detectors. To correct for energy 
losses in materials in front of the calorimeter, we have determined energy correction functions 
from a kinematically constrained fit to NC-DIS events, exploiting the transverse momentum 
balance between the scattered positron and the hadronic final state. 

Event selection cuts have been applied to a sample of dijet candidate events selected at the 
trigger level. As a result, 8690 dijet photoproduction candidates were selected. The contamina
tion of background processes in this sample was found to be negligible. The selected events are 
compared to simulated events, produced with photoproduction Monte Carlo programs. Good 
agreement is found in the shape of various distributions. The normalisation of the cross section 
is not correctly described, which is expected since the Monte Carlo models include only the 
leading order matrix elements. The Monte Carlo events are used mainly for the unfolding of 
the cross section and for the study of systematic effects. For these purposes the agreement of 
the shapes of the differential cross sections is more important than the agreement of the nor
malisations. The distributions oîx°bs, the fractional momentum of the photon participating in 
the hard interaction, and of transverse energy flows, indicate that the kinematic region chosen 
for this analysis successfully avoids the region were underlying events affect the measurement. 
It is also shown that a subsample, strongly enriched with direct photoproduction events, can 
be selected by requiring i * > 0.75. 

The cross sections obtained have been confronted with next-to-leading order quantum chro-
modynamics (NLO QCD) calculations. In general, these calculations give a fairly good descrip
tion of the data. In particular, for a subsample of events with x°bs > 0.75, data and theory are 
in good agreement. However, for the full data sample, when the jets have forward or central 
pseudorapidities, the measured cross sections are above the calculations by up to 30%. This 
difference becomes even larger when we study the cross section in a restricted kinematic region, 
where 0.50 < y < 0.85. The observed discrepancies are much larger than the experimental un
certainties and are also larger than the estimated theoretical uncertainties. It is possible that 
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they are due to the parametrisations of parton density functions of the photon, being too low 
in the kinematic region studied. These parton density functions, which are used in the NLO 
QCD calculations, have been determined by different theoretical groups in fitting procedures 
to available F^ and 77* —> jets data. These data do not cover the same range in x1 and 
correspond to a different factorisation scale, ßf, as the present study. It must be stressed, 
however, that parton density functions in different regions of x1 and //ƒ are not independent. 

One of the conclusions of this thesis, therefore, is that the procedures to determine the 
parametrisation of the photon structure should be repeated with the data of the present mea
surement included. This exercise will establish: a) whether our measurements can be described 
by NLO QCD once the parton density functions in the photon are modified and b) whether 
these modifications can be made without spoiling the agreement with existing earlier data, in 
particular from e+e~ experiments. 

We point out here that long range correlations play an important role in jet photoproduction. 
For the dijet measurement presented in this thesis we have investigated various non-perturbative 
effects and found the sensitivity to these effects to be under control. Nevertheless, as yet, our 
understanding of this type of effects is still limited. Improvements to this understanding are 
of great importance for the comparisons made between jet photoproduction measurements and 
the corresponding theoretical predictions. 

This thesis ends with an outlook towards the future. With the increasing luminosity deliv
ered by HERA each year, the experimental uncertainty on photoproduction jet measurements 
will be further reduced, while the kinematic range covered in these measurements will be ex
tended to higher transverse energies. A preliminary analysis of the data collected in 1996 and 
1997, presented in the last chapter, shows that the observed discrepancy between data and the
ory persists up to higher transverse energies, where we believe long range correlation effects to 
be further reduced. As the discrepancies between data and theory are large, the measurement, 
constitutes a challenge to theory. In particular, the inclusion of these data in NLO QCD fits, 
used to determine parton density functions in the photon, may provide new information on the 
hadronic structure of the photon. 


