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Abstract

Recent measurements on heavy flavour production at HERAgusin
the H1 and ZEUS experiments are presented. The cross sefbion
charm and beauty production in deep-inelastic scattefii§)(using
the HERA Il data sample are shown. The results are based musar
experimental methods including the reconstructiomomesons, the
measurement of semi-leptonic processes, measuremeihis iofipact
parameter, in the transverse plane, of tracks to the priwentgx and
the reconstruction of the secondary vertex in the vertegatets. The
measurements are compared with the predictions of neeatting or-
der (NLO) guantum chromodynamics (QCD).

1 Introduction

In perturbative QCD calculations, the production of heaugiris at HERA proceeds dominantly
via the direct photon-gluon fusion (PGF) procegs— cc (yg — bb), where the photon inter-
acts with a gluon from the proton to produce a pair of heavylguim the final state. Therefore,
the measurement of processes involving heavy flavour ptauprovides a test of the under-
standing of the QCD production mechanism and informatiothergluon content of the proton.
The presence of the heavy quark magsprovides an additional ‘hard’ scale to the momentum
transfer of the exchanged bos@rand the transverse momentum of the heavy gparineaning
the perturbative series has to be treated in different wapedding on the relative magnitude
of M, @ andpr. At small scales@,pr ~ M) the mass of the heavy quark is taken into ac-
count via the ‘massive’ PGF matrix element. At high scal@spfr >> M) the quark’s mass
may be neglected and it is treated as a ‘massless’ partonlalést sets of global parton density
functions (PDFs) from the MRST and CTEQ fitting groups (MR8 TGTEQ6.6) are based on
heavy flavour schemes which aim to interpolate between tlassive’ behaviour at lo)? and
‘massless’ behaviour at higQ?. The measurement of the inclusive contribution of processe
involving charm and beauty to the proton structure functitjfi and F2° allow to test these so-
called “General Mass” schemes. The understanding of thenghmd heavy quark distributions
in the region of low Bjorkern: has important implications for the measurement of standerdel
and new physics processes at hadron colliders such as thedreand LHC.

Recent measurements on charm and beauty production at HEIRé the H1 and ZEUS
experiments are presented here with the focus being on tBe&iDématic region. Many of the
results presented in this paper utilise the full HERA Il dséanple and thus offer a significant
improvement in precision compared with the previous HERAsults.



D* production in DIS

. N ..
> 5[ H1 Preliminary HERA Il
L 10°E
o ?""‘l.... —e— Hldata (prel.) ZEUS
B L ._._:-.-. HVQDIS (MRST2004FF3 I ) % 3 :‘ T T T T T T ‘ UL ‘ T T 1T ‘ T T T ‘ T T T ‘:
= nio ) - ~ e+D’+X —
& 102 E —— % 25 . ;pEUS(prel.) 135pb* HERA Il —]
ey ; = 3 E besuty conbution (RAPGAP)
—— S 2F = beauty contribution =
o F 15— —
gs = B s
1 ? —— 1— —
1? 0.02<y<0.7 05 { =
107 E In(D)I<15 = E
£ — vl BT T S D RTTR STy A TR USRS U A TR AU b
- Py (D%)>15Gev 03 1 05 0 05 1 15
- 11 \\‘ L L1 1 \\‘ L | - 0
107 5 3 n®
10 10 10
Q2 [GeVZ] Fig. 2: The differentialD® cross section in DIS foio /dn

as measured by the ZEUS collaboration.

Fig. 1: The differentialD* cross section in DIS fodo /dQ?
as measured by the H1 collaboration

2 Analysis Techniques

Charm quarks contribute arougd — 30% of the inclusive DIS cross section. Charmed hadrons
are predominantly detected by reconstructing the decajugts ofD**, D*, DF or D° mesons

in the central tracking detectors of H1 and ZEUS. Fdf" measurements the “Golden Decay”
chainD* — Knmg.y IS most often used. The signal to background ratio of the oreasents
can be improved by using information on the decay lengthifsigimce of the secondary vertex
as reconstructed by the silicon vertex detectors of theraxpats.

In contrast to the rather large contribution of charm quaokihe total DIS cross section,
beauty quarks contribute only a fei#, and an order of magnitude less at low valuessf
Therefore, the detection of beauty hadrons is very chalthgngro extract signals use is made of
the properties of beauty hadrons; their semi-leptonic yedaeir relatively large mass and long
lifetime. In semi-leptonic decays the large transverse mrtom of the lepton w.r.t. the jet axis
(p%' method) may be used to tag events containing beauty quarks.irformation can also be
combined with information from the silicon vertex detestdor example by measuring the large
displacements from the primary vertex (impact parametiethelepton track. In analyses with-
out the lepton requirement the impact parameter signifeeahall tracks with hits in the silicon
vertex detectors can be combined with information from theitipn of the secondary vertex
through use of a neural network. The and light quark fractions in the data are extracted using
a simultaneous fit of simulated reference distributionsaioled from Monte Carlo simulation, to
the measured distributions.
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Fig. 3: The inclusive charm and beauty differential crogs se  Fig. 4: The inclusive charm and beauty differential crogs se
tion in DIS for do/dQ? as measured by the ZEUS collabo- tion in DIS for do/dx as measured by the ZEUS collabora-
rationusing events with semi-muonic decays. tionusing events with semi-muonic decays.

3 Reaults

3.1 D Meson Cross Sections

The cross sections for the production of varidusnesons have been made in DIS by H1 and
ZEUS. The H1 collaboration have measured &t cross section in the range < Q? <
1000 GeV?, 0.02 < y < 0.7, pp(D**) > 1.5 GeV and—1.5 < n(D**) < 1.5 [1]. The
cross section is shown as a function @t in figure 1. The ‘massive’ NLO QCD prediction
of HVQDIS [2] is shown to give an adequate description of tlaadover the fullQ? range,
including the highQ? region where the massive scheme may not be expected to bheadyp)

The ZEUS collaboration have measurBd*,D* and D° production cross sections in
DIS using HERA Il data samples [3-5]. The measurement®®f4] and D° [5] mesons were
improved by using lifetime information from the ZEUS Micreitex Detector. Théd® meson
cross section as a function 9fD°) is shown in figure 2. The cross section is reasonably well
described by the prediction of massive NLO QCD.

3.2 Charm Fragmentation

The D meson cross sections described above can be measured iie diftarential z — Q2
bins and the results used to extrapolatg@inandn, using HVQDIS, to the full phase space in
order to measure the charm structure functigfi(x, Q?). As well as the extrapolation it is also
important to understand the fragmentation of charmed guatk D mesons. The process is usu-
ally modelled using the convolution of the hard scatteringss section with a non-perturbative
fragmentation functioD?”” () wherez = Ep-/E.. There exist a number of single parameter



fragmentation functions which have been tunedte~ data. A recent publication on HERA |
data by the H1 collaboration [6] found that these fragmeémafunctions were able to describe
D* data for events where there was a jet with > 3 GeV in the centre-of-mass frame. For
events without a jet the hadron level approximations to tagrhentation function were much
less well described by the standard fragmentation paramete

3.3 Inclusive Heavy Flavour Cross Sectionsin DIS

The inclusive cross section of charm and beauty quarks atAdB#s been measured by the
ZEUS collaboration [7]. The measurement was made usingdhe-leptonic decay of heavy
hadrons into muons in the rang® > 20 GeV?, 0.01 < y < 0.7, pr(u) > 1.5 GeV and
—1.6 < n(p) < 2.3. The heavy flavour contributions were extracted by simeltars fits to
the missing transverse momentumsl(u) and the muon impact parameter distributions. The
relatively low cut on the transverse momentum of the leptibowa the inclusive charm and
beauty cross sections to be extracted. These are shown stiafuofz andQ? in figure 3. The
data are reasonably well described by the predictions osiv&blLO QCD, with the beauty data
tending to be somewhat higher than the QCD prediction at kalwes ofQ?. The measurements
can be extrapolated to the full phase space in order to éeatba charm and beauty structure
functions.

The H1 collaboration have analysed the inclusive prodaatiocharm and beauty quarks
in DIS [8] using the impact parameter of tracks and the outpatneural network. The analysis
makes use of the full available HERA Il data sample. The isigkl ‘reduced’ beauty cross
section in DISZ? (5% ~ F2?) is shown as a function of for different values of)? in figure 5.
The data from the ZEUS collaboration using semi-muonic dasngre also shown. The data
between the different methods are in reasonable agreeaigmygh the ZEUS results tend to be
higher than H1 at lov@?. The fully inclusive measurements are compared in the figitethe
latest GM scheme predictions of MSTW and CTEQ, and are fooibe generally well described.
The massive FFNS prediction is also seen to be able to dedbetilata. The measurements were
also found to be described by the NNLO predictions of MSTW.

The charm structure functioRs® is shown as a function @) for different values of in
figure 6. The data span a large range in@feandx plane. Thel’s® measurements from the dif-
ferent experimental methods discussed above (i.e. froladive silicon vertex information and
extrapolated fronD meson and semi-muonic cross sections) are found to be inagregment.
The HERA Il heavy flavour data have significantly improved iagision compared with HERA
I. The precision of the HERA charm data would further impravilhe data from the different
methods and experiments is combined. The theoretical girenls based on the massive scheme
give a reasonable description of the data across #ral(Q? plane with the largest difference be-
tween CTEQ5F3 and MRST2004FF being in the regiin< 2m?2 which is due to the different
PDF inputs in this region.

4 Conclusion

Measurements of the heavy flavour content of the proton inddISERA have been presented.
The extraction of the inclusive cross sectioh¥ and Fis°¢ allow the comparison of different
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Fig. 5: The measured reduced cross seciihshown as a
function of z for 5 differentQ? values.

Fig. 6: The measured® shown as a function of)? for
variousz values.

experimental technigues. The cross sections are foundwelbbelescribed by the predictions of
perturbative QCD at NLO and NNLO.
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