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1. Introduction

Charm production corresponds to a sizable fraction of the deep ineleatiering (DIS) cross
section at HERA, up te- 40% at largeQ? and lowx. In order to make an optimal use of HERA
DIS data it is therefore necessary to have a precise understandif@wh @roduction and of
the interplay of the different scalem, Q) involved in the process. Two different theoretical
approaches to heavy flavour production have been used in partsitydtts: the fixed-flavour-
number scheme (FFNSJ] [1] in which the heavy quarks are produced inatitescattering, and
the general-mass variable-flavour-number schemes (GMVHNS) [2jtieapolate between FFNS
at low Q? and the high@? limit in which charm and beauty are treated as massless quarks and
included in the proton parton density functions (PDFs). The GMVFNS existgferent variants,
which treat differently the intermedia®? region. Charm production measurements provide then
a direct test to these approaches.

In the FFNS, at leading order, charm is produced through the bokam-fusion process
y*g — cc. Therefore, charm cross section measurements provide a dire¢tasont the gluon
content of the proton which is independent from that obtained from thkngcviolation of the
structure functions as measured in inclusive DIS.

The two HERA collaborations, ZEUS and H1, have been improving their measunt of
charm production over the past years, using different methods to wghgbroduction: the re-
construction of charmed hadron$ [3], semileptonic decBys [4] and inelascondary vertex tag-
ging [B]. To further improve the overall precision, H1 and ZEUS measerds have been com-
bined togethe(]6].

Three new measurements performed with the ZEUS detector at HERA a&enped in this
contribution, based on different experimental methods: the final measatef the production of
D [[]l and of D** [B] mesons, and a preliminary measurement of the production of charrfijets |
They are based on the data collected in the HERA Il running period and ioteggrated luminosity
of approximately B5 fb'. They were not included in the H1-ZEUS combinatifn [6].
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Figure 1: Left: Krririnvariant mass for th®* candidates. Right: mass differeneK rrrg) — M (K ) for
D** candidates.
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2. Measurement of D™ and D** production in DIS

TheD™ mesons have been reconstructed from the dBcay- K~ " r" (charge conjugation
is implied hereafter). For eaddt candidate the transverse decay length signific&eedefined
asS = Lxy/o(Lxy), with Lxy being the distance between the decay vertex and the interaction point
in the transverse plane amdLxy) its error. A cut at§ > 4 has been used to obtain a cldan
signal, shown in Fid]1 (left). ThB** candidates have been selected from the d&cay— DOrg"
followed by the decafp® — K~ rt. The distribution of the mass differenAd = (Mk g, — Mk rr)
is shown in Fig[]L (right) for correqtK~ " rf") and for wrong(K~m 15") charge combinations.
A simultaneous fit to the two distributions was used to estimate the backgroundsigitizd mass
window.

Differential D* andD** cross sections have been measured in the “visible” kinematic range
defined by the inclusive DIS variables<5Q? < 1000 Gef and 002 < y < 0.7 and by the meson
in the range B < pr < 15 GeV,|n| < 1.6 for theD* and 15 < pt < 20 GeV,|n| < 1.5 for the
D**. Examples of measured differential cross sections are shown in figooerpared to FFNS
next-to-leading order (NLO) QCD predictions obtained with thed#1s program [IP]. The data
are in good agreement with the theoretical prediction.

TheD** differential cross sections have been combined with H1 data to providdimrary
combined HERAD* cross section measuremeht][11]. The combination is illustrated in Fipure 3.
The ZEUS and H1 data sets have similar precision, the improvement in thdaingeafter the
combination demonstrates the potential of the new ZEUS data to further impefiedhHERA
measurement.
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Figure 2: Differential D-meson cross sections compared with NLO QCD calculatiosedan the FFNS
HvQDIs program: Left:D™ cross section as a function pf andn. Right: D** cross sections as a function
of (a) @, (b)y, (c) x. The bands represent the theoretical uncertainty.
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Figure 3: Visible D** cross section differential i@?. Left: measurements from the ZEUS (blue) and H1
(red) collaborations and the preliminary HERA combinat{black). Right: the latter compared to FFNS
NLO QCD calculations.

3. Extraction of 0%,

The charm reduced cross sectigff, and the charmed structure functioR§ and F are
defined in analogy to the corresponding quantities of inclusive DIS, theroc double differential
Cross sectio@z% corrected for QED/EW effects:

2 2 -cC 2 -1
C c, Y e d<o 2ma
R @) = P Q) ~ R ) = e ()

whereY, =1+ (1-vy)2

The double-differential cross sections @t andD** production in the “visible” kinematic
range have been correctedgé'(% by subtracting the beauty contribution, estimated using MC
samples normalized to independent measurements, and by extrapolatinguib Ehenésonn and
pr range using NLO FFNS calculations and charm fragmentation fractior lmasep andet e~
measurements.

The extracted reduced cross sections are presented in Fjgure 4r{leftjch theD™ andD**
measurements are compared to the combination of all the previous H1 andid&assirements.
The results are in good agreement with each other. The present mmaaatsgein some cases, have
similar precision as the combined result. Tbe&" results are compared in Figure 4 (right) to a
theoretical calculation based on the GMVFN scheme and on the HERAPD&&dhmlensities,
extracted from inclusive HERA data onlfy J12]. The good agreememaup the validity of the
GMVFN scheme used in the parton density fit.

4. Measurement of Charm jet production

The preliminary ZEUS measurement of charm jet production in DIS is baséukecselection
of jets with transverse enerdgt > 4.2 GeV and-1.6 < n < 2.2 and the reconstruction of a vertex
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Figure4: Left: reduced charm cross sectioﬁ?;j extracted from th®** (filled points) and th®™ (squares)
measurements compared to the combination of all previolRAd#ata (empty circles). Right: tHe*+ data
compared to a GMVFNS calculation based on the HERAPDF1 opalensities. The external band shows
the theoretical uncertainty associated to the charm masshaninternal band shows the other theoretical

uncertainties.

from the charged tracks associated to the jet. The decay length signéfi§aanad the vertex mass
myix have been used to separate light flavours, charm and beauty, usiogta Barlo-template
fitting technique. Figurd]5 (left) shows ti® distribution in the mass bin.4 < my < 2 GeV
and the corresponding fitted components. The negative side & tistribution, dominated by
resolution effects, has been used to estimate and subtract the light fteackground.

The charm components extracted from the fit have been used to measgireatim jet cross
section. An example of the results is shown in Figre 5 (right). Thanks to the $ize of the jet
sample, this measurement allows to improve the charm production measurdrhigit pr and
high Q2, where theD meson data are statistically limited. FQf < 100 Ge\ the jet data are less
precise than th®-meson measurements due to larger systematic uncertainties.

5. Conclusions

The ZEUS collaboration is completing its programme of charm measurements.ii l#S
final results fromD™* andD** are among the most precise available charm measurements in DIS.
The analysis of charm jets will shortly be finalized; it will provide a complemgnteeasurement
with very different systematic uncertainty and improves the precision a @f@nd large charm
pr. The combination of these measurements with those from H1 and the pre&tlfs data
should provide the ultimate measurement of the charm reduced cross stdiBRA and
provide a stringent test for the heavy flavour calculations.
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Figure5: Left:distribution of the transverse lifetime significarfoe vertices associated to jets, showing the
data (points) and the light flavour (LF), charm and beauty maments. Right: charm jet cross section as a
function of the jeter compared to NLO QCD calculation {HyD1s) with two different PDF sets.
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