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The inclusive production of charged hadrons (ete™ — ete™ + X) and jets (ete™ —
ete™ + jet + X) have been studied in collisions of quasi-real photons radiated by the
LEP beams at eTe™ centre-of-mass energies \/see from 183 to 209 GeV. The differential
cross-sections measured as a function of the transverse momentum and pseudorapidity
of the hadrons and jets are compared to theoretical calculations in next-to-leading order
of the strong coupling constant.

1 Introduction

We have studied the inclusive production of jets in collisions of two quasi-real photons at
eTe™ centre-of-mass energies, /See, from 189 to 209 GeV, with a total integrated luminosity
of 593 pb~! [2], and the inclusive production of charged hadrons at V/5ee from 183 to 209 GeV
with a total integrated luminosity of 612.8 pb~! [3]. The data has been collected with the
OPAL [4, 5, 6] detector.

Hadronic interactions of two photons lead to the production of hadrons whose properties
in Quantum Chromo Dynamics (QCD) depend on the underlying partonic processes, as well
as on the way in which the partons are transformed into observable hadrons (fragmentation).
In the measurement of hadron production this transformation is described by fragmentation
functions obtained from fits to data. Jet observables on the other hand are constructed
with the aim of minimising the difference between the observed quantity on parton and
on hadron level. The remaining discrepancies (hadronisation corrections) are studied using
hadronisation models as implemented in MC event generators. The studies of hadron and
jet production therefore complement each other in the attempt to unveil the underlying
partonic processes in the description of hadronic photon-photon interactions.

2 Analysis

For the hadron cross section measurements the tracks of the charged hadrons are recon-
structed in the central tracking chamber. To select events coming from photon-photon
interactions, standard cuts on reconstructed quantities are applied. Selected events have to
have at least six tracks, passing tight quality cuts. Single- and double-tagged events are
rejected by applying a 60 GeV cut on the total measured energy in the forward detectors.
Beam-gas and beam-wall backgrounds are reduced by requiring the primary vertex to have
a radial distance less than 2 cm from the beam axis and a z-distance of less than 3 cm from
the interaction point.

The inclusive jet cross section analysis uses the k, algorithm [7, 8] to reconstruct jets
from photon-photon interactions. Since high pr inclusive jet events from photon-photon
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interactions are difficult to separate from hadronic Z decays, especially at high momenta,
a likelihood event selection [9] was used to separate signal and background events. The
performance of the event selection is demonstrated in Figure 1.

The measured transverse momentum
and pseudorapidity distributions have to be
corrected for the losses due to event, track . o OPAL 7 MCsignal |
and jet selection cuts, the acceptance and MC Z/y* — qq -
the resolution of the detector. This is done e XIlcemkg. 3
using the Monte Carlo signal events which 1
were processed by the full detector simu- 103 4
lation and reconstruction chain. The cor- ]
rection factors are calculated as the bin-
by-bin ratio of the generated and recon- .
structed Monte Carlo distributions. This
method only yields reliable results if migra- 10
tion effects between bins due to the finite
resolution of the measurements are small.

The bins in the differential distributions s 10 15 20 25 30 35 40
have therefore been chosen to be signifi- Py [GeV]
cantly larger than the detector resolution,

obtained from the Monte Carlo simulation. Figure 1: Number of jets in each pjTet bin after

NLO calculations do not take into ac- gayent selection
count the possibility of an underlying event,
which leads to an increased energy flow and therefore a larger cross-section above any given
threshold in transverse momentum. In the inclusive jet analysis PYTHIA [10], which uses
multiple parton interactions (MIA) to model this effect, was used to study either consider-
ing or leaving out multiple parton interactions for the signal MC. At the lowest transverse
momenta considered, the signal MC cross-section increases by up to 20% when including
MIA. This effect reduces to less than 10% for transverse momenta larger than 7 GeV.

Jets

The measured cross-sections are compared to NLO QCD calculations which describe
cross-sections for partons, while the experimental cross-sections are presented for hadrons.
Hadronisation corrections have also been estimated with PYTHIA. For inclusive jets the
correction at piﬁt =5 GeV is about -15%. The correction decreases with increasing pJTet and
is below -5% for pl* > 20 GeV.

3 Differential cross-sections

To facilitate a comparison with a recent measurement by the L3 collaboration [11], the
inclusive jet cross section measurement was performed with kinematic conditions such as
the ones used in the L3 analysis. Figure 2 shows the resulting inclusive jet differential cross
section. It shows the total statistical and systematical uncertainties added in quadrature
where larger than the marker size. The uncertainty band on the NLO calculation shows the
uncertainty associated to the variation of the renormalisation scale.

Both PYTHIA 6.221 and the NLO calculation achieve a good description of the data,
with the exception of the lowest bin in pﬁﬁt, where the NLO calculation is too low. While
the L3 data points are compatible with the present measurement, they lie below the OPAL
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Figure 2: Inclusive jet differential cross sec-  Figure 3: Differential inclusive charged
tion, do/dpk’, for all jets with [)**| < 1.0 hadron production cross-sections do/dpr for
compared to the results of the L3 collabora- || < 1.5 in the indicated W ranges.

tion, NLO and PYTHIA predictions.

data points at low p];t and above the OPAL data points at high pj;t, and there is a discrep-
ancy in shape between the L3 data and the NLO calculation. This difference in shape has
been reported in the L3 publication and

leads to a significant disagreement between

the L3 measurement and the NLO calcu- OPAL

. 5 ””””””“”“”“_% 4‘;‘”””””l‘”l“””;
lation at the highest pit’ of up to 50 GeV gr roraL 1 E0E N ;’)’:LV
. . . =l W > 30 GeV =2 < > e’
studied in [11]. The OPAL analysis [2] finds £w nets 4 100 n<1s
3 [} 1% L3
the region of piﬁt > 40 GeV to be dominated ® ": 3% ": 3
by background and hence no measurement i Lo F ' .
is presented for this region. " e WA
10 15 20 25 0 5 10 15 20 25

The differential inclusive cross sections pilGeV] Py [GeV]

do/dpr for charged hadrons in four ranges Topar 4 2 10 ISV
of the hadronic invariant mass W are shown womow 1 %“’ﬂ womaw 3
in Figure 3. For the cross section calcula- ey ] g;z ,"-“ e
tion a minimum pr of 1.5 GeV is required to - 10U

ensure the validity of the perturbative QCD 0 A e A ]
calculation. The NLO calculation achieves m";“(?)“sw‘1‘6“‘1‘5““2‘0“”25 10 '30”@‘)5‘“”1},””1‘5”"2‘0‘”;
a good general description of the data, ex- prlGeV) (6

cept for transverse momenta greater than

about 10 GeV, which can be reached in the Figure 4: Differential inclusive charged hadron

highest W range only. production cross-sections do/dpr in the indi-
Figure 4 (a) and (b) show the differential cated n and W ranges.

cross-section do/dpr for charged hadrons

for W > 30 GeV and W > 50 GeV. To

facilitate a comparison with a recent measurement by L3 [12] of charged pions, the measure-
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ment has been done in the pseudorapidity range |n| < 1.0 in (c¢) and (d). The OPAL data
shown in Figure 4 (¢) and (d) have been scaled to account for the reduced |n| range and
for the fraction of charged pions of all charged hadrons using MC simulations. From this
comparison it is evident that the distributions measured by OPAL fall more rapidly towards
high transverse momenta than those measured by L3, leading to a disagreement between
the two experiments at high transverse momenta and a better description of the OPAL data
by NLO QCD than is the case for the L3 data.
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