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1. Introduction

The measurement of the inclusive charm quark cross sections in deep inelastic ep scattering
at HERA is an important test of quantum chromodynamics (QCD). At leading order (LO) charm
quarks are predominantly produced by the photon gluon fusion (PGF) process, i.e. Yg — cc, where
a photon emitted by the electron interacts with a gluon in the proton. The process ep — eDX is
therefore directly sensitive to the gluon density in the proton which is of utmost importance for
understanding the physics to be expected at the LHC [1].

The mass m, of the charm quark implies a sufficiently high scale to apply perturbation theory
for calculating this process in QCD without any phase space restrictions. However, there are addi-
tional scales involved, e.g. the virtuality Q2 of the exchanged photon and the transverse momenta
p. of the outgoing quarks which makes this process a multi-scale problem. Depending on the
relative magnitude of m., Q and p | different approaches in pQCD have been elaborated.

At low values of Q, p, ~ O(m,) the massive fixed flavour number scheme (FFNS) is appli-
cable [2]. Heavy quarks are generated dynamically via the PGF process, they are not part of the
proton’s parton density functions (PDF). Different next-to-leading order (NLO) programs were
developed in this scheme for different purposes, i.e. the Riemersma program [3] for calculating the
charm contribution F5° to the proton structure and the HVQDIS [4] program providing parton level
kinematics for calculating exclusive processes like D meson cross sections.

At high scales when Q, p, > m, the zero mass variable flavour number scheme (ZM-VFNS)
is appropriate [5], where the heavy quark masses are neglected and charm and beauty becomes part
of the proton PDFs.

More recently, calculations in the general mass variable flavour number scheme (GM-VFNS)
became available [6] which incorporates the two approaches described above in their appropriate
phase space regimes and interpolates between both schemes in a transition region.

2. Inclusive D** meson production

This analysis [7] is based on an integrated luminosity of .%,, = 347 pb~! recorded by the H1
experiment in the year 2004-2007 where either electrons or positrons with an energy of 27.6 GeV
were collided with protons of 920 GeV. D** mesons are identified by the decay chain D** —
Dz%, D’ — K¥n* in the range p, (D*) > 1.5 GeV and |n(D*)| < 1.5 in the laboratory
frame. DIS events were selected in the kinematic region 0.02 < y < 0.7 and 5 GeV? < Q? <
1000 GeV?.

Figure 1 shows the inclusive differential D** cross sections as a function of p | separately for
0? < 100 GeV? and for Q? > 100 GeV? and as a function of Q2. It also includes the NLO FFNS
predictions from HVQDIS using the proton PDFs CTEQSF3[8] and MRST2004FF3nlo[9]. The
bands indicate the theoretical uncertainties due to variation of the fragmentation parameters, the
charm quark mass m. and the scales u, = uy. These calculations agree reasonably well with data
albeit there are differences in shape in the p distribution at low 0? and in the Q? distribution.
The predictions from the LO+PS Monte Carlo programs Rapgap [10] and Cascade [11] which are
compared to the measurement of do/dp | at high Q fail to describe the data.
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Figure 1: Differential D** cross sections as function of p, for 5 < Q%> < 100 GeV? (left) and for
100 < Q% < 1000 GeV? (centre) and as a function of Q2 (right).

3. Inclusive D° and D* meson production

The ZEUS collaboration has analyzed the inclusive D°/ DO and D* production in DIS [12]
based on an integrated luminosity of .%,, = 133.6 pb~! collected in the years 2004 and 2005. The
D mesons are identified via the decay modes D°/D° — K¥ 7= and D* — K¥ 7% 1%. The decay
products of a D meson candidate are required to originate from a common secondary vertex recon-
structed in the micro-vertex detector well separated from the primary vertex. Charm meson cross
sections for the process ep — eDX were calculated using the reconstructed D+ and D° mesons in
the kinematic region 5 GeV? < Q% < 1000 GeV?,0.02 < y < 0.7,1.5GeV < p (D) < 15GeV
and [n(D)| < 1.6.

Figure 2 shows the inclusive differential D* and D°/ DP cross sections as a function of p. and
Q7 together with the expectation from the NLO FENS program HVQDIS using the proton PDF
ZEUS-S NLO obtained from a fit [13] to the inclusive F, measurements. The total uncertainties on
this prediction due to the uncertainties on the ZEUS PDF, the charm quark mass, the scales u, = s
and the fragmentation function are indicated by the blue bands. The NLO FENS calculations agree
well with the data, both in D* and D°/ DO production.
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Figure 2: Differential D* and D° / DO cross sections as function of p 1 (left) and as a function of Q2 (right).
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Figure 3: F5° obtained from the inclusive D cross section measurements by H1 (left) and ZEUS (right).
The inner(outer) error bars refer to the statistical (total) uncertainties, respectively. The curves shows the
predictions from NLO pQCD in the FENS scheme based on the CTEQ5F3(blue), MRSTO04FF3(red) and
ZEUS(green) proton PDFs.

4. Charm contribution F5°(x,0?) to the proton PDF
The charm contribution, F5°, to the inclusive proton structure function F, is obtained using the
expression for the one photon exchange cross section for charm production

>0 2mo?,
dxdQ? Q%

([1+ (1 —y)?] F5*(x,0%) = y*F{"(x,0%)), (4.1)

where the contribution from the longitudinal structure function Ff° is accounted for and amounts
to at most 4% in the Q>-y plane explored at HERA. The measured visible D meson cross sections
057 (x,0?%) in bins of x and Q? are converted to a bin centre corrected values of F5°((x),(Q?))
according to - ,
cc 2 _ Gvis (xa Q ) cc theo
F5* ((x),(0%)) = ot 7)
where 6!/¢° and F§¢ " are the theoretical predictions of the NLO FFNS calculations.

Figure 3 shows the measurements of F5° extracted from the inclusive cross sections of D**
(left) and of D° and D™ (right) meson production from H1 [14] and ZEUS [12], respectively. The
data are compared to the massive FFNS NLO calculation [3] based on the proton PDFs from global
analyses MRSTO4FF3nlo[9] (red), CTEQSF3[8] (blue) and ZEUS-S NLO QCD fit[13] (green
band) to inclusive F, data. The bands in both panels indicate the theoretical uncertainties due
to parameter variations in the calculations as described in section 2 and 3 with the exception of the
fragmentation uncertainty, which does not enter here. The theoretical predictions from the global
analyses are found to agree reasonably well with the F5° measurements.

((x),(0%), 4.2)
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5. Conclusions

New results from the H1 and ZEUS experiments on D meson production in DIS have been
presented. The differential inclusive cross sections are found to be well described by the NLO
FENS calculations. By extrapolating the D meson production cross sections from the visible to
the full phase space the charm contribution F5° has been determined. The NLO FENS predictions
using proton PDFs obtained by global analyses yield reasonable descriptions of the experimental
data.
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