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1. Introduction

The production of heavy flavour quarks in deep inelastideday (DIS) at the HERA electron—
proton collider is of particular interest for testing cdations in the framework of perturbative
guantum chromodynamics (QCD). The process has the speatalé of involving two hard scales:
the square root of the photon virtualiy and the heavy quark mass In the case of jet produc-
tion the transverse ener@y of the jet provides a further hard scale. In leading order)(QUD,
the photon-gluon fusion (PGF) processps— eccX andep — ebbX are the dominant production
mechanisms for charm and beauty quarks respectively.

The analyses presented here report on measurements by thedHZEUS collaborations
of the cross sections for events with charm and beauty jets inophotoproduction [1] and in
DIS [2] [3] at HERA. The analyses use secondary vertex flatagging to distinguish the jets
that contain charm and beauty flavoured hadrons from thosioing light flavoured hadrons.
The measurements also include the contribution of charnbaadty quarks to the proton structure
function F$¢ andFfP [4].

2. QCD Models

The cross section data are compared with the predictionsL@ RCD programs in both
photoproduction (FMNR [5]) and DIS (HVQDIS [6]). The progna are based on the PGRa?2)
matrix element and provide weighted events with two or tlmgigoing partons, i.e. a heavy quark
pair and possibly an additional light parton. At NLO the petidns of QCD depend on the choice
of the renormalization and factoration scaj@sand us. To investigate the dependence of the
predictions on the scales the calculations are repeatgihgahe values ofi, and us.

3. Experimental Method

The H1 and ZEUS collaborations have precise silicon vertbealors in order to separate
beauty, charm and light quark induced events. The separeiperformed using the properties
of well measured silicon tracks which are associated wighjéh axis in then — ¢ plane. The jet
axis is typically defined as the direction of the jet with tth’ﬂEStEJTet in the laboratory frame.
The impact paramete¥ of a track is the transverse distance of closest approadtedfack to the
position of the beam interaction region. The signdofor a track is defined with respect to the
azimuthal angle of the jet. The track significar8es defined asS= d/0(9d), whereo (d) is the
uncertainty or.

The H1 experiment defineS;, S and S as the significance of the track with the highest,
second highest and third highest absolute significancpectisely. TheS; and S, distributions
are used for low multiplicity events. For jets williack > 3 an artificial neural network (NN) is
used to produce a distribution that combiisgsS, andSs with several variables in order to provide
an optimal discrimination between beauty and charm jetse ddditional variables include the
significance of the transverse distance between the segoadd primary vertex and the number
of reconstructed tracks at the secondary vertex. The @rastof events with charm, beauty and
light jets in the data are extracted using a least squaragtaineous fit to th&;, S, and NN output
distributions, and the total number of events after DIS atd¢lection.
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Figure 1. The cross sections for beauty dijet production in photopotidn [1] as a function OF’%et and
n'®t. The data are compared with the predictions of NLO QCD, thetd&arlo program PYTHIA and with
previous measurements obtained using muons [7].

The ZEUS collaboration uses a similar method and explicgtyuires the presence of a recon-
structed secondary vertex with a decay lenigtk, which is defined as the distance between the
beam interaction region and the secondary vertex projedted) the jet axis in th&¥-Y plane. The
decay length significance is then formed fr@&m= Lxy/0(Lxy), wherea(Lxy) is the uncertainty
on Lxy. To extract the heavy flavour and light quark fractions a figesfomed simultaneously to
S in bins of the invariant mass of tracks from the secondaryexévl\,tx. The lower and higher
MyTx regions are sensitive to the charm and beauty contributespectively.

4. Results

4.1 Beauty Dijetsin Photoproduction

The cross sections for beauty dijets are measured by the ZBllHboration in the kinematic
rangeQ? < 1 Ge\?, P%et > 7(6) GeV and—1.6 < nt < 1.3 [1] . The cross sections as a function
of P%et andni® is shown in figure 1. The cross sections are well describedhéy THIA Monte
Carlo program and also by the predictions of NLO QCD. Thesgestion as a function af€! is
also compared with the results obtained by muon taggingGdod agreement is found between
the two independent methods.

4.2 Charm and Beauty Jetsin DIS

The cross section for charm and beauty jets has been medwsutieel H1 collaboration in DIS
in the kinematic rang€? > 6 Ge\V? and 007 < y < 0.625 for the heavy flavour jet with the highest
E’Tet with E’Tet > 6 GeV and—1.0 < n'®t < 1.5 [2]. The differential charm jet cross sections are
shown as a function dijTEt andn’®in figure 2. The data are compared with the NLO predictions
of HVQDIS including hadronisation corrections. In gendita NLO expectations describe the
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Figure 2: The cross sections for charm jet production as a functidﬁjr%fand net [2]. The predictions of
NLO QCD are also shown.

charm data reasonably well in all differential distributsoalthough the predictions with the scale
H= \/(Q2 + p2 +mP)/2 fall somewhat below the data at |CE€{?t and in the forwardj®! region.

The differential beauty jet cross section in the laborafoayne is shown as a function @Ft in
figure 3 (left). NLO QCD provides a good description of the ligalata.

The cross section for beauty jets has also been measurec [BEIUS colaboration in the
kinematic range 5 Q? < 1000 Ge\f and 002 < y < 0.7[3]. Secondary vertices are fitted using
jets with E?t >5GeV and-1.6 < |[n®!| < 2.2. The analysis uses 354 plof integrated luminosity.
The beauty jet cross sections are found to be generally westiribed by the predictions of NLO.
For the lowest values d®? the predictions tend to lie below the data.

4.3 F§€ and FP

The technique of secondary vertex tagging can also be usedasure the heavy flavour struc-
ture functionst‘fand szb. The measurements Efc_obtained using secondary vertex tagging are
found to be in good agreement with measurements obtained egclusiveD meson reconstruc-
tion. The charm measurements have a similar precision tdiffezences between the QCD NLO
and NNLO predictions. These two independent methods forsaoréay the charm cross section
may be combined to improve the precisiongf_and further test the predictions of QCD.

The measurements & from secondary vertex methods at HERA are shown in figure 3
(right). The results from the two experiments are found tarbgood agreement. The data are
well described by the predictions of NLO and NNLO QCD. There differences in the QCD
predictions but these are small in comparison with the expgartal accuracy of the measurements.

5. Summary

The technique of secondary vertex flavour tagging providesthod to measure the properties
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Figure 3: The cross section for beauty jet production [2] as a funcrnild'leﬂ'rEt (left). The measurements from
H1 [4] and ZEUS [3] of the structure functicFrf’b as a function of? for fixed x(right). The measurements
are compared with the predictions of QCD.

of charm and beauty production at HERA. The present heavgulget measurements show that
charm and beauty production in deep inelastic scatteriagésjuately described by NLO QCD in
the presence of an additional hard scale provided by a jet.
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