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Open charm production in electron-protap) scattering at the high energies of HERA (centre-
of-mass energy/s ~ 320 GeV) is an ideal tool to study perturbative Quantum Clodynamics
(pQCD), since the charm mass provides a hard scale.

The main charm production mechanism is photon-gluon fud?@¥) where a photon emitted by
the incoming electron interacts with a gluon in the protomfimg a quark antiquark pair. The
cross section is dominated by processes where the vigt@liof the exchanged photon is very
small. The kinematic region dd? < 1 Ge\? is generally referred to as photoproduction since
the photon is almost real. In this regime resolved photorgsses in which the photon auctuates
into a hadronic state before the hard interaction, becorpeiitant.

Investigating £nal state correlations increases the $étsib the details of the charm production
mechanism. Here H1 and ZEUS measuremenf3*afiet cross sections in photoproduction are
presented. Comparing the pseudorapidity distributionth®D* and a jet not containing the*
reveals the presence of non-charm initiated jets. Therdifige in the azimuthal angigbetween
the two highesp jets shows the need for higher order contributions to deedtie data.
Furthermore results from H1 investigations of the integplget shape in dijet events are shown,
where charm is tagged by a muon. The observations contriddidflonte Carlo expectation of

broad gluon initiated jets in a resolved enriched data sampl
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Figure 1: Leading order charm photoproduction: direct (a), resolieed) and excitation processes (c-d).

1. D* Jet Cross Sections

Both H1 and ZEUS have measured jet cross sections in photoproductéa aharm is tagged
with D* mesons in the decay chani@l* — D — KTt 1", The visible ranges of the H1 [1]
and ZEUS [2] measurements @, the inelasticityy or

D*+jet(s) H1 ZEUS the photon-proton centre-of-mass eneWfy, = /Y-S,
Q’/[GeV?] <0.01 <1 the transverse momentup and the pseudorapidity)
Wyp/[GeV] 130..280  of the D* and the jet(s) are summarised in the table on
y 0.29..0.65 the left. H1 selects the highest transverse momentum jet
pt(EI;)/[GeV] - ig - ig not containing theD* meson, while ZEUS requires two
g((jet))/[GeV] i 3:0 > ;0(.6.0) jets where th®* is usually contained in one of the jets.
njet) _15.15 | —15.24 The cross sections as a function of the transverse

D* ¢ jet | N(jet) >2 momentum of the no*-jet is shown in the Figs. 2a+d

(ZEUS) and 2g+j (H1) compared with next-to-leading
(NLO) order QCD calculations in the massive (FMNR, [3]) or massless\(EMS, [4]) scheme
and with predictions from leading order calculations supplemented with psintaweers and hadro-
nisation, FTHIA [5] and CascADE [6]. The latter implements thie-factorising CCFM evolution
equations whereas all other calculations follow the collinear DGLAP apfroAll calculations
reasonably describe the observed slope of the data.

For theD*+other jet measurement, cross sections as a function of the pseudorapittiey
D* and the jet are shown in the Figs. 2h+k and 2i+l. T@®*) distribution falls steeply with
increasing values af whereagsj (jet) is almost @at. For direct PGF processes (Fig. 1a) as simulated
in PYTHIA (dir.), then spectra of the jet and tH&* are found to be similar (cf. Fig. 2k+l), showing
that the difference is not caused by the cuts fodhand the jet. Therefore the difference indicates
the presence of non-charm initiated jets fpr> 0. All calculations include hard gluon emission
diagrams (Fig. 1c) and hence can describe the observed shap@3*ofandn (jet).

The difference in azimuthal anglap!! between the two highegt jets in the event is sensitive
to parton radiation in the plane transverse to the colliding photon and probenEigs. 2b+e(c+f)
show the distribution for a data sample enriched with events from direalyesl processes,
i.e. with x‘f,bs > 0.75 (x‘;,bs < 0.75). Both distributions are rapidly falling from their maximum
atA@!! = m. The NLO calculation underestimates these large tails, especially for theadso
enriched sample. In contrastyPHiA and especially HRwIG [7], both simulate higher order
contributions with parton showers and describe the data fairly well.

1n = —1In tan(8/2), whered is the polar angle measured from thaxis de£ned by the proton beam direction.
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2. Jet Shapes

TheD* jet measurements have revealed the presence of non-charm initiate ghgatimbys for
n > 0. H1 has investigated the nature of these jets by studying jet shapes [Bjet&Sample is
selected with the visible range listed in the table on the left where one of

H1 Jet Shape the jets is tagged as charm jet using muons. The ‘integrated jet shape
Q* < 1GeV? w(r) = pi%(r)/pl%(R) is the fraction of the jet transverse momentum
02<y<08 deposited within a cone of the radins= \/An2+ Ag? around the jet
InGet)| <17 axis relative to the total transverse momentum of the jet wikia1,
pt(let)N>(jZ't§)(>6'g) Gev cf. Fig. 2m. Gluon initiated jets are expected to be broader compared

o(1) > 2.5 GeV to charm initiated jets and hence at a given radius the valug(of is
35 < O(u) < 130° smaller.

Fig. 2n(o) shows the averaged integrated jet shape of the untagge«

jets for resolved (direct)(ﬁ’,bS <0.75 (x§’,bS > 0.75), enriched events. The results are compared with
a simulation of events generated byTiA. The direct enriched sample is very well described by
PYTHIA where the jets are mainly caused by the untagged (anti-)charm produeedrifFig. 1a).
The prediction for the resolved enriched sample shows broader jets dhanef direct sample,
in accordance with the expectation for a large contribution from gluon jetduged in charm
excitation processes. But the data exhibit jets as narrow as for the stimeqgtie and are not at all
described by PTHIA, contradicting the presence of a large fraction of gluon initiated jets.

3. Summary

Cross sections for photoproduction events Miidithmesons and jets have been measured by H1
and ZEUS. Various pQCD approaches describeghandn distributions where the latter reveal
the presence of non-charm initiated jets for- 0. To describe thag!! distribution higher order
contributions are needed, e.g. provided by parton showers. Inviastiglae integrated jet shape of
non-charm tagged jets in charm dijet events shows discrepancies with tiesPprediction. The
large fraction of gluon jets predicted in a resolved enriched sample sha@dddebroader jets in
contrast to the measurement. The details of charm photoproduction rentaiienge for theory.
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Figure 2: D* jet cross sections measured by ZEWS (agged dijets, a-f) and HD{ +other jet, g-I) and
integrated jet shapes for untagged jetgiitagged charm dijet events (n-0).
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