Vol. 33 (2002) ACTA PHYSICA POLONICA B No 10

STUDY OF VIRTUAL PHOTON STRUCTURE IN
CHARM PRODUCTION AT HERA*

M.S. LIGHTWOOD

On behalf of the ZEUS Collaboration

Department of Physics and Astronomy, University College London
Gower Street, London, WC1E 6BT, UK

(Received July 12, 2002)

The dependence of the virtual-photon structure on its virtuality, Q2,
has been studied in events containing dijets and a charm quark with the
ZEUS detector at HERA using an integrated luminosity of 103.7 pb~!. The
measurement was performed in the kinematic range Q2 < 5 x 10® GeV?
using events containing a D**(2010) meson. Events having two jets with
large transverse energies were selected using the kt clustering algorithm.

The ratio of dijet cross sections at low m?ybs (“resolved photon”) relative
to high a:?YbS (“direct photon”) was measured as a function of @2, where
mf/bs is the fractional momentum of the photon participating in the dijet
production, and is compared to the predictions of leading order pQCD. The
ratio does not change significantly with 2, in marked contrast to previous

dijet measurements which did not require the presence of charm.

PACS numbers: 13.60.Hb, 14.70.Bh

1. Introduction

The need for a partonic structure to the quasi-real photon (Q? < 1GeV?)
is well established, both from studies of vy processes at LEP [1], and jet
photoproduction at HERA. Such processes can be separated into two com-
ponents: direct photon processes, with the photon acting as a point-like
probe of the proton and the majority of the momentum of the photon tak-
ing part in the hard subprocess, and resolved photon processes, with the
photon acting as a source of partons, which carry a small fraction of the
photon’s momentum and take part in the hard subprocess. This behaviour
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can be described in terms of a photon parton density function (PDF). The
photon PDF can then be evolved in Q? perturbatively to extend to virtual
photons [2]. Tt is expected, however, that as @ becomes non zero, the
resolved component will be suppressed logarithmically with Q?, with only
direct processes remaining above the cut off, Q% ~ (E‘]Tet)g, where E%Et is the
jet transverse energy. Studies of inclusive dijet production in DIS at HERA
indeed support these predictions [3,4].

Studies of dijet photoproduction, where the presence of charm is de-
manded in the final state, also strongly suggest a suppression of the photon
structure dependent upon the mass of the parton in the photon [5]. The
question of how this suppression evolves with Q2 and whether the suppres-
sion due to the presence of charm and that due to non-zero photon virtuality
share a common physical mechanism are addressed here.

2. Event selection

Events were selected from the data collected with the ZEUS detector
at HERA during 1996-2000, corresponding to an integrated luminosity of
103.7 pb~!. The ratio of dijet cross sections for low to high m,‘;bs have been

measured as a function of Q2 in the restricted kinematic region:
e 0.2 <y <0.65
o B > 7.5 6.5GeV, 7] < 2.4;
e pr(D*) > 3.0GeV, |n(D*)| < 1.5;

e 2 <10, 1.0 < Q% < 4.5, 45 < Q? < 10.5, 10.5 < Q? < 49.0,
49.0 < Q% < 5000.0GeV?;

Jets were reconstructed using the longitudinally invariant Kt clustering
algorithm in the laboratory frame [6]. D*(2010) mesons were reconstructed
and the number of D*s extracted using a three parameter unbinned fit to the
distribution of AM = m(Knms) — m(Kr). Events where direct or resolved
processes dominate were separated experimentally using the quantity xi;bs
[7]; N
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3. Comparison to LO QCD predictions

The ratio of cross sections a(mgbs < 0.75’))/(}(3102bs > 0.75) as a function
of Q2 has been measured and is compared to various LO pQCD models in
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figures 1 and 2. Within uncertainties, the measured ratio is consistent with
being flat with Q2.

Figure 1 shows two predictions from the HERWIG [8] Monte Carlo gener-
ator, using the SaS1D photon PDF [2], both with and without a suppression
of photon structure with increasing virtuality, 2. Whilst the data slightly
favour the model with suppression enabled, the uncertainty on the measure-
ment does not allow discrimination between the models. The comparison of
the two HERWIG predictions confirms that the expected suppression has a
physical origin, and is not a consequence of some kinematic bias.
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Fig. 1. Ratio of low to high a:?ybs for dijet events containing a D*, compared to the
LO predictions of SaS1D virtual photon structure function.
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Fig.2. Comparison of the measured data, to the LO predictions of AROMA im-
plementing the DGLAP evolution scheme and CASCADE implementing CCFM

evolution.
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Figure 2 shows a comparison to two models where no photon structure
has been explicitly assumed, with the low-z2" contribution coming from
the parton-shower evolution. The AROMA [9] model, implementing the
DGLAP [10] evolution scheme, is observed to lie consistently below the data
across the whole range. The CASCADE [11] model, implementing a version
of the CCFM [12] evolution scheme, is seen to describe the data well.

4. Comparison to inclusive case

That the measured ratio does not change significantly with Q2 is in
marked contrast to studies where no charm tag is required. In order to
meaningfully compare this result to that of the inclusive case, it is important
to understand both the precise origin of the data’s shape, and any bias
introduced due to the restricted D* kinematics. MC studies have shown that
D*’s from resolved events are indeed more heavily suppressed by the pp(D*)
and |n(D*)| cuts than the direct [13], leading to some artificial suppression
of the ratio. The effect of extrapolating to the entire D* kinematic region
has been estimated using HERWIG MC and is shown in figure 3.
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Fig.3. Comparison of the measured data, with a D* tag, to the prediction of
SaS1D virtual photon structure function for the inclusive ratio, with no D* tag.
The shaded band represents an estimate of the maximum suppression due to D*

kinematics.

It is not possible to compare directly to previous measurements of virtual-
photon structure since this analysis is carried out in a different kinematic re-
gion. However, in figure 3, the result is compared to a prediction of HERWIG
with SaS1D [8] virtual-photon PDF for all flavours in the same kinematic
region. It is clear that the resolved photon component falls off much less
rapidly in the presence of charm than it does when charm is not required.
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This apparent contrast strongly suggests that the two suppressions, that due
to the presence of charm and that due to increasing photon virtuality, are
not independent.

5. Summary

S regions as a function

The ratio of cross sections for low to high xgb
of Q? has been measured for dijet events containing a D* meson, and is
found to be approximately flat. The result has been compared to several
LO QCD models, and in order to describe the data it appears necessary to
either introduce a virtual photon PDF to DGLAP evolution or to implement
CCFM evolution where no explicit photon PDF is assumed.

After corrections for the D* kinematics, the ratio was found to fall off
much less rapidly in the presence of charm than in the inclusive case, imply-
ing that the suppressions of the resolved photon component due to charm
and that due to increasing photon virtuality are not independent.
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