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Abstract

The study of heavy flavor production is a central topic of aecle at
HERA and is an important testing ground for perturbative Q@D
selection of results for charm and beauty productionznusing dif-
ferent experimental techniques and compared to diffetegdretical
predictions, obtained by the H1 and ZEUS collaborations$ lvéilpre-
sented.

1 Introduction

Heavy flavor production at HERA is an important tool to invggte our present understand-
ing of the theory of Quantum Chromodynamics (QCD)efp collisions, the main production
mechanism for heavy flavors is the Boson Gluon Fusion (BG&9g®s. The large mass of the
heavy quarks produced in this process provides a hard szal@scalculations in perturbative
QCD are expected to be reliable. However, the simultanemesepce of competing hard scales,
such as the transverse momentym)(of the heavy quark or the virtuality of the exchanged pho-
ton (Q?) induces additional theoretical uncertainties due to $eimrthe perturbative expansion
which depend logarithmically on the ratio of these scaléscéthe perturbative expansion can
not be optimized for all scales at once, different calcatzl approaches have been developed
assuming a single hard scale in each. Therefore, comparisiothhe measured cross sections
with theory predictions are particularly sensitive to theywvthe perturbative expansion is made.

Different kinematic variables are used to describesthimteraction at HERA: the photon’s
virtuality @2, the Bjorken scaling variable;, and the inelasticityy. Until 1997 HERA ran
at a centre-of-mass energy gfs = 300 GeV. The proton energy was increased leading to
Vs = 320 GeV for data taken from 1998 onwards. During a shutdown ir02@@d 2001 the
accelerator and detectors were upgraded. The period updtd i2usually called HERA-I and
after 2000 HERA-II. By the end of the running both of the atitig-beam experiments, H1 and
ZEUS, had collected about 0.5b of data.

The kinematic range of the analyzed data can be separatetthefollowing two regimes:
photoproduction 4p), where the exchanged photon in the process is almost megideep in-
elastic scattering (DIS), where the exchanged photon tisalirExperimentally;p is defined by
the scattered electron not being in the acceptance regittre shain detectors, corresponding to
acut@Q? < 1 Ge\2. In the following a small selection of recent measuremehtseavy quark
production inyp will be presented.

2 Theoretical Modds

For heavy flavor photoproduction at HERA, different possitiieoretical schemes have been
used. These include:


http://arxiv.org/abs/0903.5470v1

e The leading order (LO) plus parton shower approach, whexgig order QCD matrix
elements are complemented by parton showers. This appieaciplemented in many
Monte Carlo (MC) models, e.g. YAHIA [1], which is based on collinear factorization
and DGLAP [2] evolution of parton densities, and CASCADE palsed ork factoriza-
tion [4] which uses & unintegrated gluon density that is evolved according to (3]
evolution. These MC models are mostly used for acceptanteatmns.

e The next-to-leading order (NLO) massive approach [6]. Hpproach assumes that there
is no intrinsic charm or beauty in the proton (or photon). Teavy quarks are only
produced dynamically in the hard scattering. This appraaetpected to work best when
all relevant hard scales e.g. the quark’s transverse mamenit are of the order of heavy
quark massrfy,). This scheme is also known as fixed order (FO) scheme.

e The NLO massless approach. Ror > m,, largelog(pr/m,) terms could in princi-
ple spoil the reliability of the predictions. In this casemniight be preferable to switch
to massless scheme, in which thg, is neglected kinematically. The potentially large
logarithms can then be resummed to all orders (next-todgddg (NLL) resummation).
Since such an approach is obviously not applicable wher- m,, schemes have been
designed which make a continuous transition between the B€sire and NLL mass-
less scheme. This is often referred to as the GM-VFN (GererthMass Variable Flavor
Number) scheme [7].

3 Experimental methods

On the experimental side, there are several different ndsttmtag the heavy quark final state.
Different methods often cover different kinematic ranglse charm-quark events are frequently
tagged by the presence bf mesons. The measurement of beauty-quark events is diffigalto
the fact that beauty production is suppressed with respetiarm production by the largamass
and by its smaller coupling to the photon. Two basic techesgare used to tag beauty events:
The measurement of track impact parametéjs Which enrich beauty production due to the
large lifetime of beauty hadrons, and measurements bassehoileptonic decays of thiequark.

In the latter case, the large momentum of the lepton trasever the direction ob-initiated
jet (pgfl), due to the largé mass, is used to discriminate against semileptonic chaoaydeor
misidentified light flavor events. Finally, a lepton tag cam éve combined with a lifetime tag or
with a second lepton tag. The double lepton tag enables oge tiw lower transverse momenta.
The above mentioned methods have been used by both the H1EA8 @llaborations.

4 Charm production

The H1 collaboration has recently released a new meg=wf *  H1Preliminary _
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which enables events with* candidates to be selected early in the trigger chain and/alio
reconstruct their mass. A clear signal is seen as illustratd=igure[l. The kinematic cuts are
also indicated in the figure.

Differential cross sections as a functiongaf(D*), n(D*) andW (D*) as well as double differ-
ential cross sections inr(D*) andn(D*) have been measured and compared to various QCD
models. Differential distributions ipy(D*) andn(D*) compared to two models at NLO QCD
are shown in FigurE]2. The two models are FMNR [6], which isebasn the massive scheme
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Fig. 2: The H1 measurement &* mesons inyp interactions, compared to two QCD models at NLO: the FMNR
program in the FFNS (shaded area) and a new calculation BM&/FNS (hatched)

and GM-VFNS [9], which uses the combined scheme. Both matedss similar behavior. The
pr(D*) spectrum is well described with a slight deficiency at highin the case of GM-VFNS
model. Fom(D*) both predictions have a somewhat different shape compartbat of the data
and theoretical uncertainties are several times largerttexperimental ones.

5 Beauty production

The H1 and ZEUS collaborations have recently reported neasorements based on lepton tags.
The two measurements, one from H1 [10], and one from ZEUS|&&]semileptonic decays to
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Fig. 3: b-quark production cross-sectiomip as a function of the transverse momentum of the muforresult from
the H1 collaboration (left), result from the ZEUS collahibwa (right).



muons to identify heavy quark decays. For this a sample efdgvents requiring at least two

jets with [7¢/1(2)| < 2.5 and jet transverse momentum ab@@%ﬂ@) > 7(6) GeV is used. The
fraction of beauty events is then determined from fits to tiséridutions ofpml of the muon
with respect to jet axis and the impact paramétef the muon track. Both the H1 and ZEUS
collaborations use HERA-II data corresponding to integgtdtiminosities 171pb! and 124pb*,
respectively. Both measurements cover the range.df< y < 0.8, Q% < 1 Ge\?, muon
transverse momentupd. > 2.5 GeV; however the ZEUS data cover a range6 < n* < 2.3

of muon pseudorapidity while the H1 analysis is restricied-0.55 < n* < 1.1. The cross
section inpf;. for the two analyses is shown in Figure 3. Both analyses shmvd ggreement
with perturbative QCD calculations performed with the FMpifegram. The excess of data over
NLO predictions at low values of jet and muon transverse nriome that was reported in an
earlier H1 analysis of HERA-I data [12] is not confirmed by tlesv H1 analysis.

The ZEUS collaboration has made another measurement bagleel identification of both
heavy quark decays [13]. This measurement uses HERA-I datasponding to an integrated
luminosity of 114 pb'. Events with two muons in the final state are selected. Becafithe
high beauty fraction in such a dimuon sam-
ple, jets are not required in the selection. This ZEUS
selection of double tags has several advan-g ‘ ‘ ‘
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Figure[» summarizes all recent HERA measurements mbduction inyp as a function ob
quark transverse momentun¥{). The different measurements agree well with each other and
are in reasonable agreement with the NLO predictions.

6 Conclusion

The study of heavy flavor production #p at HERA remains a source of interest for testing
and understanding the perturbative QCD. Several resuttechan HERA-II data set are now

available. Some of these recent results using differergitggmethods were presented. The
charm results are in good agreement with NLO QCD. The beawgsorements are also in

reasonable agreement with NLO QCD. The uncertainty on @xpeetal results in both beauty

and charm production are typically smaller than theorktiogertainties.
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