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Heavy flavour photoproduction at HERA

1. Introduction

Heavy flavour production i p collisions at HERA provides a good testing ground of per-
turbative Quantum Chromodynamics (QCD) as the high quarksemprovide a hard scale. The
analyses presented in this talk focus on the photoproductigime, i.e. the photon virtualit@?,
is required to fulfillQ? ~ 0 Ge\2. The measurements are compared to next-to-leading ord@)N
QCD predictions, for the calculation of which most of the Iggas made use of the FMNR pro-
gramme [1]. The programme is based on the Fixed Flavour Nu@digeme (FFNS), in which the
heavy flavours are generated dynamically in the matrix etesn@nd no initial beauty or charm is
assumed in the proton. This is valid fof ~ O(ma), with g being the beauty or charm quark. An-
other scheme in use is the General Mass Variable Flavour BuSdheme (GMVFNS [2]), which
also treats the heavy quarks as massive?at O(nﬁ), but as massless and part of the proton at
p? > mg.

Different techniques can be used and combined to tag thé&sgjusuch as meson tagging (eldy:
tagging), lepton tagging using the decay spectra andritetiagging exploiting the long lifetime
of the heavy hadrons. Various tracking improvements in baperiments allow for a more precise
determination of impact parameters and secondary vesibes using data collected in the HERA
Il (2003-2007) data taking period. The most recent resuiisgithese methods are presented here.

2. D* production

In this analysis done by the H1 collaboration [3] the charmargus tagged by &* me-
son decaying in the golden decay chanbef — DO, — K¥ 15, A dataset correspond-
ing to a luminosity of 93pb! with events in the kinematic rang®? < 2Ge\Z, 100< W <
285GeV, p(D*) > 1.8GeV and|n(D*)| < 1.5 was selected. The number Bf mesons was
determined from thé1 (Kt — M(Km) distribution, which is displayed in Fig. 1. Figure 2 shows
the differential cross sections as a functionppfD*)
andn(D*). The measurements were compared with 3o -, H1 Preliminary
two NLO QCD predictions, one using the Fixed , R et Track Trgger
Flavour Number Scheme (FFNS) within the FMNR

2000 —

......

.........

--------------
009000

ntries /0.5 M

programme and the other one using the General Mas .

Variable Flavour Number Scheme (GMVFNS). The *°[ ——
data were found to be in reasonable agreement with | M
both predictions; GMVFNS has a softpy(D*) spec- T om o5 016 0.7

. . . M(K 7)) - M(K T)[GeV]
trum and a slightly different shape in(D*) compared Figure 1: M(Krrm) — M(K ) distribution.
to FFNS and the measurement. Furthermore, double-

differential cross sections as a functionmfD*) andn (D*) were measured. Again good agree-
ment between the measurements and both NLO predictionshegaswed in general; however, the
theoretical uncertainties are very large and both premtistfail to describe the data at high(D*)
and highn (D*) [3].
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Figure 2: Differential cross sections as a function@fD*) andn (D*). The measurements are compared
to two NLO predictions calculated using FFNS and GMVFNSpeesively [3].

3. Beauty in dijet photoproduction using electrons

In this analysis done by the ZEUS collaboration the heavyrkguavere tagged via their
semileptonic decays into electrons [4]. A dataset corneging to a luminosity of 120 pb' with
events containing at least 2 jets wil*"® > 7(6)GeV and|n’*%(?)| < 2.5 was selected. In
order to separate the beauty and charm signal from the baakdy five discriminating variables
sensitive to electron identification as well as to semiletaecays were used. For the electron
identification the specific energy los$k=/dx, the fraction of energy deposited in the electromag-
netic part of the calorimeter ariel/ p were selected. Semileptonic decays were identified with the
help of the anglép between the missing transverse momentpfs which accounts for the non-
detected neutrino, and the electron candidate, as welkasahsverse momentum of the electron
relative to the jet axisp®. The discriminating variables were combined in a likelitidid in order
to extract the fractions of events containinguarks and those containirgquarks. Differential
cross sections as a function gf andn® are shown in Fig. 3. They are compared to the PYTHIA
LO+PS Monte Carlo (MC) predictions [5] scaled accordinghe fit as well as to the NLO QCD
predictions calculated with the FMNR programme. The ptguis are in good agreement with the
measurement. The charm cross sections were obtained iartie\say [4].

4. Beauty in dijet photoproduction using muons

Another approach for heavy flavour lepton tags is the use milsptonic muons in the fi-
nal state. Two very similar analyses were performed by theahtd ZEUS collaborations using
datasets corresponding to a luminosity of 170pland 124pb?!, respectively [6, 7]. In both
analyses, photoproduction events with at least 2 jets Mﬁﬁ(z) > 7(6) GeV were selected. The
muon candidates were reconstructed in the regiOrb5 < n# < 1.1 (H1) and—1.6 < n# < 1.3
(ZEUS) and had to have a transverse momenpliim- 2.5GeV (H1) and 15GeV (ZEUS). For
the separation of the signal from charm and light flavour background events twerdisinat-
ing variables were used: the impact paramederis defined as the point of closest approach in
x-y of the track helix of the muon candidate with respect to theraction point. It has a pos-
itive sign if the track crosses the axis of the associatedvjtitin the jet hemisphere, otherwise
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Figure 3: Differential cross sections as a functionf andn®. The measurements are compared to the
scaled PYTHIA LO+PS MC as well as to the NLO FMNR predictiodk [

d is negative. The second discriminating variablepi®. The fraction of events containinig
quarks was determined from a simultaneous fit of the imparrpater andpf® distributions.
Corresponding control plots for the ZEUS analysis are shimwifig. 4. The data are compared
to the PYTHIA LO+PS MC predictions. Good agreement betwesta dnd MC was observed.
For the H1 analysis differential cross

sections as a function off’, n*, ZEUS

p® and the azimuthal angle be- ASSLLSEELAM AN
tween the two jetsd @ets, Were cal- i
culated (see Fig. 5). The mea-
surements were compared to the
PYTHIA LO+PS MC and to QCD 10
NLO predictions calculated with the @ o

1 1 1 1 1

FMNR programme. Good agree- °o !

ment between data and NLO predic-
P Figure4: p® and impact parameted, control plots with the

tions is observed, while the PYTHIA o . .
] contributions fronb, c and light quarks being shown separately
MC also describes the shapes well. 45 genoted in the plots. [6].

Furthermore the new measurements

were compared to a previous H1 result and found to be closetdlLO predictions, while the
previous measurement showed significant discrepanciesvai | _

For the ZEUS analysis differential cross sections as aiomaf pf', n*, pf' ! andn#~1 were mea-
sured (see Fig. 6), heyej means the jet containing the muon. The measurements wetpared

to the PYTHIA LO+PS MC and to QCD NLO predictions calculatesihg the FMNR programme.
Good agreement with the NLO predictions as well as the sd¥BHIA MC was observed. The
differential cross section as a function pf was in addition compared to results from a previous
analysis, in which an external constraint on charm had tbpée. In the present analysis such a
constraint was not needed anymore and the charm contribwiis left as a free parameter in the
fit. The results were found to be in very good agreement.
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Figure 5: Differential cross sections as a function gif, for pV' > 25GeV, n, p!®! and 5@es. The

measurements are compared to the PYTHIA LO+PS MC as wellaNIt® FMNR predictions [7].
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Figure 6: Differential cross sections as a function gff, for p > 1.5GeV, n#, pf ! andn#-i. The
measurements are compared to the scaled PYTHIA LO+PS MClaasitbe NLO FMNR predictions [6].

5. Beauty in dijet photoproduction using inclusive secondary vertexing

In this analysis done by the ZEUS collaboration [8] the hegqwsrks were tagged without im-
posing any requirements on the B hadron decay channelsefbhethe measurement could be kept
fully inclusive, resulting in a large gain in statistics. Atdset corresponding to an integrated lumi-
nosity of 128pb! with photoproduction events containing at least 2 jets \pﬂt‘ﬁm) > 7(6) GeV
was selected. For the separation of the beauty signal framtland light flavours a secondary
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vertexing technique was used, exploiting the long lifetioiehe B hadrons. Secondary vertices
were fitted from well-reconstructed tracks associatedito feubsequently the 2-dimensional decay
length, d, was calculated as the distancexty between the secondary vertex and the beam spot,
which was then projected onto the jet axis. In order to furiimprove the separation between signal
and background the decay length was combined with the anvamassin,, of the tracks fitted to

the corresponding secondary vertex. In Fig. 7 the decay ZEUS
length significanceS= d/dd, is displayed for 2Ge\k I
myx < 7.5GeV, showing that for largmx and high sig- 50
nificances the asymmetry of the decay length significance 10° o
for events containing quarks is large and an almost pure . o
beauty sample can be obtained, allowing a direct compar- 0
ison with the beauty MC prediction. The beauty-enriched
region withmy, > 2GeV andS> 8 was found to be well-
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beauty contribution in the data, the negative part of the -2 -10 0 0 g2
decay length significance distribution was mirrored andFigure7: Decay length significance,
subtracted from the positive part, in order to minimize the¢,. > ey < Max < 7.5GeV [8]

light flavour contribution and to cancel out potential sys-

tematic effects. Subsequently, the mirrored distribyt®h— S-, was split into three bins afi
with the third bin being highly beauty-enriched, while thiaer two were dominated by charm. The
beauty contribution was then determined frorgZfit of the beauty, charm and light flavour MC
distributions to the data, simultaneously performed itratemn,; bins. Differential cross sections
as a function op7® andn’® were measured and compared to the scaled PYTHIA MC predgctio
as well as to QCD NLO predictions calculated using the FMN8gprmme (see Fig. 8). Good

agreement between the measurements and both predictienzbaerved.
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Figure 8: Differential cross sections as a functionR%F‘t andn’et[8].

The differential cross sections as a functiomdf! were additionally compared to the results of a
previous analysis [9]. The measurements were found to bedd ggreement, with the new result
substantially increasing the precision of the measurement
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6. Summary

A selection of the latest results on heavy flavour photopctidn at HERA were presented.
New methods for beauty and charm tagging were used and igr@mong them various life-
time tagging techniques. The first ZEUS analysis on beauwgymtion from inclusive secondary
vertexing was presented, which in

contrast to the exclusive analyses has

. . < T rrrrrrrTTrTTTTTT
the advantage of not being restricted glﬂ 3 3 da/dpi(ep - ebX) 3
. = ¥ Q°<1GeV’, 0.2<y<0.8, In'|<2 1
to a specific B hadron decay chan- & .f ~E = NoocEuR) |
nel. It can be concluded that the vari- o [ o rasmany e % ﬁz;fn"!f";%* P
H199-00 b pjet 3
ous H1 and ZEUS measurements us- s ZEUS 96-00D-pjet ]
©° ZEUS 05 b - p jet 3

ing different experimental techniques
are in very good agreement, as is
displayed in the summary plot in
Fig. 9, with the most recent mea-
surements being denoted by open
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cross.es, downward-pointing triangles Figure 9: cross sections for beauty production as a function
and filled stars. The measured Cross of pb from various H1 and ZEUS measurements.
sections as a function gér of theb

guark are shown for several independent H1 and ZEUS anadysbsompared to the NLO QCD
prediction calculated using the FMNR programme. A genegeg@ment with the NLO prediction
is observed, giving a consistent picturebajuark photoproduction over a wide rangepsf
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