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Charm and beauty production are key components of the HERA physics programme. I will

summarise a selection of the recent results obtained by the ZEUS collaboration. One possibility

to tag heavy flavour events is the identification of leptons from the semileptonic decay. The

production of beauty in deep inelastic scattering will be discussed for final states using muons

or electrons from the decay. In one measurement using muons,it was also possible to measure

the charm contribution to the full cross section. The extracted beauty contribution to the proton

structure function,Fbb̄
2 , is compared with other results which use independent techniques.
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Charm and Beauty Production from Semileptonic Decays at HERA

1. Introduction

Heavy flavour production ine±p collisions at HERA provides a good testing ground of pertur-
bative Quantum Chromodynamics (pQCD) as the high quark massprovides a hard scale. Further-
more, the existence of other hard scales such asQ2, the virtuality of the exchanged boson, orpt , the
transverse momentum of the heavy quark, allow resummation techniques to be tested. Different
kinematic variables are used to describe theep interaction at HERA:Q2, the Bjorken scaling vari-
able,x, and the inelasticity,y. Until 1997 HERA ran at a centre-of-mass energy of

√
s= 300GeV.

This energy was increased to
√

s= 320GeV for data taken from 1998 onwards. Due to improve-
ments of the detector and accelerator during a break in the data taking, the available dataset is split
into two periods. From 1996 till 2000 in the HERA I period about 130pb−1 and between 2003 and
2007 (HERA II) about 400pb−1 per experiment were collected.

The kinematic range of the analysed data can be separated into the following two regimes: pho-
toproduction (γ p) where the exchanged photon in the process is almost real; and deep inelastic scat-
tering (DIS) where the exchanged photon is virtual. Experimentally,γ p is defined by the scattered
electron not being in the acceptance region of the detector,corresponding to a cutQ2 . 1GeV2.

2. Theory

To evaluate the detector acceptance and provide signal and background distributions, samples
generated with the RAPGAP[1] Monte Carlo program were used.In all three analyses the measured
cross sections are also compared with next-to-leading order (NLO) QCD prediction obtained in the
fixed-flavour-number scheme (FFNS) using the HVQDIS program. The extracted proton structure
functionsFbb̄

2 are compared with predictions by the CTEQ[2] and MSTW[3] groups using NLO
calculations based on the general-mass variable number scheme (VFNS) with different treatments
of the flavour-threshold. The prediction of GJR[4] is based on the FFNS whereas the prediction of
ABKM[5] is based on the partial NNLO FFNS calculation.

3. Semileptonic decays into muons
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Figure 1: Differential cross section as a function
of Q2.

In this analysis, which uses the full HERA I
dataset, the kinematic properties of the muon
from semileptonicb decays was used to deter-
mine beauty cross sections over a wide range of
Q2. Using the different shapes ofprel

T , the trans-
verse momentum of the muon relative to the asso-
ciated jet axis, it was possible to determine cross
sections forQ2 > 2GeV2. Figure 1 shows the dif-
ferential cross section as a function ofQ2. The
shape of the distribution is reproduced by both the
RAPGAP leading order Monte Carlo and the NLO
QCD prediction, where both predictions underestimate the data. In addition the cross sections were
also determined as a function ofpµ

T ,η µ , p jet
T andη jet, and, in order to extractFbb̄

2 , as a function of
Q2 andx.
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Figure 2: Differential charm and beauty cross sections as a function of pµ
T ,η

µ ,Q2 andx.

In the second muon analysis, based on the 2005 running period, the sensitivity was increased
by using two additional variables in the fit. The charm detection sensitivity was increased by

addingpmiss||µ
T , the component of the missing momentum vector parallel to the muon. In addition

the beauty and charm separation was improved by usingδ , the distance of closest approach of the
muon to the interaction region. Figure 2 shows the differential charm and beauty cross sections as
a function ofpµ

T ,η µ ,Q2 andx. The NLO QCD calculation is in good agreement for charm while
the beauty cross section is 2.3 standard deviations above the HVQDIS result.Fcc̄

2 andFbb̄
2 were

extracted from double differential cross sections in the region of Q2 > 20GeV2.

4. Semileptonic decays into electrons
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Figure 3: Test function distribution.

In this analysis based on the full HERA II
dataset the electron decay channel was investi-
gated, where it was possible to lower the cut on
the lepton momentum. Instead of a simultane-
ous fit of several variables, they were combined
into one discriminating variable. Figure 3 shows
the fit of the likelihood test function, which com-
bines variables sensitive to the electron identifi-
cation with variables sensitive to the decay chan-
nel. From the fitted contribution of electrons from
semileptonic beauty decays, other electrons and
background particles, the beauty cross sections as
a function ofpe

T ,ηe(see Figure 4),Q2 andx were extracted.
The scaled RAPGAP prediction and the NLO QCD calculation are in good agreementwith the

measured values.Fbb̄
2 , which is shown in the next section, was extracted forQ2 above 10GeV.
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Figure 4: Differential beauty cross section as a function ofpe
T andηe.

5. Conclusion
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Figure 5: Measurement ofFbb̄
2 .

In the presented analyses the
beauty contribution to the proton struc-
ture function,Fbb̄

2 was extracted from
double differential cross sections as a
function of Q2 and x. Figure 5 shows
the resulting measurements ofFbb̄

2 . In
addition to the analyses using semilep-
tonic decays, also two inclusive mea-
surements from H1[9] and ZEUS[10]
are shown. The extracted points are
compared to NLO and NNLO QCD
predictions using different theoretical
approaches for the calculations. The
prediction using the HVQDIS program
is shown with its uncertainty indicated
by the band. All measurements are con-
sistent with each other and agree well
with the theoretical prediction.

Using semileptonic decays to muons
or electrons, beauty production in DIS
was measured over a wide range inx
and Q2 and gives a consistent picture.
In comparison to the first analyses, later
measurements benefited from the addi-
tional information of the microvertex detector in the HERA II dataset. The lifetime information
improved the sensitivity to the identification of heavy flavour events, especially for beauty produc-
tion. In one of the presented analyses using the decay into muons it was also possible to extract the
charm contribution to the proton structure function,Fcc̄

2 .
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