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1. Introduction

Heavy flavours (charm, bottom and top quarks) play a padituimportant role in particle
physics and their production in different environmentsieiiesting from both theoretical and ex-
perimental points of view. The large masses of charm, beadlytop quarks with respect to the
hadronisation scale, sa%_gD ~ 200-300 MeV, makes perturbative QCD (pQCD) applicable.

Fixed-order QCD calculations are reliable to calculataltbeavy-quark production cross sec-
tions. However, resummations are necessary in order toowepdifferential distributions, since
those typically exhibit contributions which are enhanoedsbft- or collinear-parton radiation and
need to be summed to all orders. Also, perturbative QCD iblena describe the transition of a
heavy quark into a heavy hadron, but a reliable hadronisatiodel is needed.

Studying heavy-flavour production and decay provides piagitests of QCD and of the Stan-
dard Model of the electroweak interactions. Such, in leptodleon scattering, the charm- and
beauty-production mechanism is directly sensitive togradistributions in the nucleon. Produc-
tion of heavy quarks is a tool to test the Standard Model ictade-positron collisions and a
unique probe of the properties of the hot and dense mediuatedtén heavy-ion experiments.
Being the heaviest fundamental particle, the top quarkicoes to be an exciting topic for both
experiment and phenomenology. The determination of thetapk properties provides a perfect
testing ground of the Standard Model: in fact, the top quadaksa crucial role in the electroweak
precision tests and its mass constrains the Higgs mass.

Modern heavy-flavour physics represents an enterpriseesfq® experimental measurements
and theory developments connected in a common effort. The reoent results achieved by ex-
periments and theory groups since last DIS workshop in 20€¥@ Vively discussed in the working
group. In the following, the main issues are summarisedci@pattention is given to the treatment
of heavy quarks in the QCD analyses of the proton structuretiions, discussed in a joined session
between heavy-flavour and PDF working groups.

2. Theory Issues

The presentations on the theory and phenomenology of hemxgufis dealt with heavy-quark
and heavy-flavoured hadron production in Dy, pp, e" e~ and heavy-ion collisions, top quark
phenomenology and the observation of exotic hadrons atdtation.

2.1 J/y photo- and electroproduction

New results were presented for the photoproductiod /af at next-to-leading order (NLO)
in the framework of Non Relativistic Quantum Chromodynasn(flRQCD) [1], which provides
a rigorous factorisation theorem for heavy-quarkoniumdpotion and decay. The production of
cc pairs can be calculated in pQCD, whereas the transitionad tfy involves non-perturbative
matrix elements, containing parameters which must be fitieekperimental data. In NRQCD,
the amplitudes can be written as a double expansion witleotdp the relative quark-antiquark
velocity v and the strong coupling constamg. The LO term inv, i.e. ¢(v?), corresponds to the
state3§ll], which is colour-singlet. At NLO, i.e¢/(v?), also the colour-octet states, nam%ﬁw,

3§18] and:*P([fj]l /2 should be accounted for, as discussed in [1Jfap photoproduction. After the
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inclusion of NLO colour-octet contributions, the calcidais describe the HERA measurements of
the photon-proton invariant masshfy transverse momentum within the theoretical uncertainties
However, discrepancies with data are observed irdfhg elasticity z distribution, at small values
of z.

J/ @ photo- and electroproduction was also discussed in theefrark of a dual model [2].
In fact, the idea of duality is that, in a scattering procdls, sum over intermediate resonances
in the s-channel is equivalent to Regge exchanges inttbkannel. The model [2] consists in
Pomeron P) exchange and smooth non-resonant background close g ghthreshold, i.eMp +
Mj;,y- It presents two trajectories and a few parameters, namiely ghotoproduction and 3 more
for electroproduction, which must be tuned to data. Theiptietis of the model on differential
and elastic cross sections at HERA were compared with thee ated exhibited an overall good
agreement for botll/y photo- and electroproduction.

2.2 Heavy quark production and Regge theory

The study [3] discusses inclusive hadroproduction of eibg'éts,bE dijets andby dijets at the
Tevatron in the Regge limit at leading order. The calculatmbased on an effective field theory,
with a non-Abelian gauge-invariant action, and is charé&sd by Reggeized quarks and gluons.
Within suitable ranges of possibly ordered rapiditie;sbt_)andby production can be described by
means of a-channel scattering mediated by Reggeized quarks andgllmepite of the simplicity
of its formulae and assumptions, this model describes thatia data in the relevant kinematics
regimes. In detail, its predictions fare rather well witlspect to the CDF data on transverse
momentum I jets), transverse energy, invariant mass, pseudorapaditsnuthal distributionst(c_)
dijets) and photon transverse momentuoy dijets).

2.3 Higher-order QCD calculations for heavy quarks and extaction of the the gluon
polarisation

Progresses towards the computation of the heavy-quarkilmativns to the structure function
F, to three-loop accuracy, were reported in [4]. The caleuhadf the massive Wilson coefficients
was carried out in Mellin moment space for gené¥i@nd is based on hypergeometric functions
and advanced summation techniques. The large logarithrtteeafatio of the factorisation scale
and heavy-quark mass, i.e. termsaglnm(ué/mz), have already been calculated fo= 3 and
m < 3 in N-space and should be soon available everspace. The status of the calculation of the
contribution~ T,;anCA,F to the structure functiof(X, Q2) was also presented.

New results on threshold resummation, i.e. laxgeentributions, for charm production in
Neutral Current DIS were presented. In particular, as @sed in [5], the coefficient function
C, contains in Mellin space enhanced Iogarithu@lnkN, with k < 2n, and logarithms of the
heavy-quark velocity, i.e. B3, enhanced fof — 0. The charm structure functidf§(x, Q%) was
then computed at fixed order, i.e. NLO and NNLO, and includitig- threshold resummation,
employing the ABKM(09) parton distributions. In particyl&ef. [5] showsF$(x,Q?) at fixed
order, with the inclusion terms In8 and ~ In?3, and accounting for Coulomb corrections as
well. Furthermore, the differential distributiw\FZC/dp%, obtained for fixed}2 andx, exhibits
milder dependence on the factorisation scale once NLL resation is included.
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As far as higher-order calculations are concerned, a pssgeport on the status of the NLO
corrections to o-quark production at the LHC was presented in [6]. In faa, ghoduction of four
beauty quarks irmpp collisions is particularly relevant since it is a backgrduior Higgs decays
H — bbbb in the MSSM. The calculation of real and virtual diagrams wasertaken by using the
subtraction method for soft and collinear singularitidedq — 4b computation is available, while
the full pp — 4b has not been completed yet. Preliminary results exhibitangtimpact of the
NLO calculation: the dependence on the renormalisatiote ssanuch milder and the prediction
of the invariant-mass distribution of a final-stdt@uark is more stable after the inclusion of the
higher-order terms. It was also pointed out that, althoughuncertainty on the prediction gets
much lower, the shapes of invariant-mass hicinsverse-momentum spectra is roughly the same,
regardless of the NLO contributions.

The extraction of the gluon polarisation from opBf production at COMPASS was inves-
tigated in [7]. The asymmetries measured by the COMPASSra®pat are compared to the
predictions of the AROMA event generator, which includesNDO hard-scattering cross section
and parton showers. In this way, one can extract the gluoarigation and distinguish the two
cased\g > 0 andAg < O.

2.4 An effective-coupling model for heavy-quark fragmentéion

A novel model to include non-perturbative corrections tavyequark production was dis-
cussed in [8] and applied ®andD production inete~ annihilation at LEP an8-factories. Unlike
the conventional approach, which uses hadronisation rmattgiending on a few tunable parame-
ters, one can construct an effective strong coupling cahgiasuch a way that a power-suppressed
term subtracts the Landau pole off. Such an effective cogpsi thus finite at small scales. Follow-
ing [8], heavy-quark production is described in the framewaf perturbative fragmentation func-
tions, which factorises the heavy-quark spectrum as a dathvo of a massless process-dependent
coefficient function and a process-independent pertwdbftaigmentation function, expressing the
transition of a light parton into the heavy quark. The coddficfunction is thus calculated at NLO,
the perturbative fragmentation function evolves to NLLw@ecy, and NNLL threshold resumma-
tion is implemented in both coefficient function and initt@indition of the perturbative fragmen-
tation function. The effective-coupling model is able tscdbe, within the theoretical error, the
B- andD-hadron energy spectra measured at LER$pace, whereas significant discrepancies are
present when comparing with-hadron data fronB-factories. All considered data, however, can
be reproduced ilN-space. The inclusion of further NNLO terms in the coeffitiiemction and in
the Altarelli-Parisi splitting functions should decre#ise theoretical uncertainties and, at the same
time, shed light on the comparison wiBifactory data on charmed hadrons, which, for the time
being, cannot be reproducedxfspace.

2.5 Monte Carlo generators for heavy flavour physics

Progress in the implementation of heavy-quark productiwh decay in Monte Carlo event
generators was presented. In POWHEG [9], NLO calculatisasyatched with parton cascades
without yielding negative weights and in a manner which geimendent of the particular shower
model. Thanks to the fact that the first emission is generati¢lde largest transverse momentum,
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this method can be implemented straightforwardly in thenrvork of showers ordered in trans-
verse momentum, e.g. the latest PYTHIA version. Howevenaitild be necessary to include
the so-called truncated showers to recover colour coheravitzen running angular-ordered parton
cascades, such as HERWIG. Top-pair production has beeriingpited in POWHEG since a while
ago and lately even single-top production in bstlandt-channels has been included. The imple-
mentation of th&Vt channel, i.e. scatterings likgh— W, which are negligible at the Tevatron, but
relevant at the LHC, is still in progress. Several resultsavglown in [9] for single-top production
at the Tevatron, including transverse-momentum, rapiditg angular distributions. POWHEG
predictions are in reasonable agreement with MC@NLO, therd¥lonte Carlo program available
to match NLO computations with HERWIG parton showers. Muoegpit exhibits remarkable im-
provement with respect to PYTHIA, which includes extratparradiation in single-top processes
only in the soft/collinear approximation, as matrix-elermneorrections are presently missing. For
example, unlike POWHEG, PYTHIA does not genelthadrons at large transverse momentum.
In addition, POWHEG includes angular correlations betwibentop-decay products a posteriori,
providing the user with angular distributions, which ar¢ aailable in PYTHIA.

The CASCADE event generator was also reviewed in [10]: dh#étate multiple radiation
is implemented according to the CCFM equation, whereas-§tiaéé parton showers satisfy the
angular-ordering prescription and DGLAP evolution. Al#ois important to point out that in
CASCADE gluons are the only available partons in the profefor the initial state, CASCADE
uses unintegrated parton distributions, obtained from bafied on the CCFM equations, using
H1 data forx < 0.005 andQ? > 5 Ge\2: in this way, also non-collinear evolution is included.
Hadronisation is finally simulated by means of the Lund gtrimodel. Ref [10] presents studies
on the transverse momentum Bf* and B* hadrons at the Tevatron and CASCADE is able to
reproduce the CDF data. Comparisons with data on jet-jetr@mahadron) azimuthal separations
were also discussed: as pointed out in [10], in order to dymre the CDF data, it was necessary
to vary the upper limit of the evolution variable fro@? = n?, m being the heavy-quark mass, to
Q? = m&, wheremy is the transverse mass. Good agreement with the measuseofé®;; and
Ao was thus obtained. CASCADE was also compareB®'t@nd jet photoproduction at H1
[11], but it turned out to be unable to describe the shapdseofibuble-differential distributions.

2.6 Open heavy quarks in heavy-ion collisions

Several issues related to open heavy-flavour productioreavyrions collisions were dis-
cussed [12]. The FONLL calculation, based on a NLL softinetir resummation, matched to the
NLO cross section, works well fdy production at the Tevatron, but lies systematically belogr t
heavy-hadron production measurements of STAR and PHENp¢raxents at RHIC. Neverthe-
less, the RHIC measurements of observables relying on lsgrainic decays of heavy hadrons are
described well fopt > 2.5 GeV, within the errors. Progress on the determinatiaruofear parton
densities was also reported: the current nuclear PDF setavailable to NLO and are obtained
using data from Drell-Yan interactiong?® decays, and Neutral Current DIS, whereas the inclusion
of neutrino data is under discussion.

The main mechanisms for heavy-quark energy loss in a dendeimevere then reviewed:
radiative and collisional energy loss, which do not accdanhadronisation, and meson dissocia-
tion, which is instead driven by hadronisation. When corimgawith RHIC data, radiative energy
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loss tends to overestimate the data, except for charm-quaduction. Collisional dissociation,
including radiative contributions, is instead able to dibgcthe data, as long as one assumes that
hadronisation is almost instantaneous. Predictions ferl#HC were shown [12]: remarkably,
both collisional and radiative scenarios lead to diffefeabhsverse-momentum spectra for charm
and beauty quarks, whereas the meson-dissociation matiitis similar suppression f@randB
hadrons. These results imply that at the LHC the separafionasm and beauty production should
be possible.

2.7 Loosely bound molecules at hadron colliders

Production of loosely-bound molecules at hadron collidess addressed in [13], taking par-
ticular care about the discovery of tXg3827) particle by the CDF collaboration at the Tevatron.
As it is aJPC = 17 state, it could not be interpreted as standard charmoniuach tteerefore it
was first described asR’D® molecule with a radius = 8 fm. However, using the hadronisation
models contained in HERWIG or PYTHIA to estimate the traasiprobability of pp into aDD*
molecule, one obtains a much lower cross sectiorXf@827) production than the measured one.
In principle, one may invoke final-state interactions are\Watson theorem to reconcile theory and
experiment, but nonetheless this theorem can be appligdfontwo-particle final states, which
is not the case in the Tevatron environment. Also, if (@827 were indeed a molecule, CDF
should have even observeddgD; molecule, but such an observation was never reported so far.
The conclusion of [13] is therefore that the hypothesis thtpuarks should possibly be reconsid-
ered. In this case, it will be particularly interesting séng for axt+, i.e. a[cuj[d] state, at the
LHC in the next few years.

3. Experimental Issues

Recent results on charm and beauty production in leptoteanccollisions were presented
by the H1, ZEUS, NOMAD and COMPASS experiments. BaBar andeBejported on Standard
Model tests using heavy quarks in electron-positron déotlis. STAR and PHENIX experiments
discussed heavy quarks as probes of quark-gluon plasmaa@®bP0 showed precision measure-
ments of the top quark properties. First physics using th€lddta was presented by ALICE,
ATLAS, CMS and LHCb experiments.

3.1 QCD tests using heavy-quarkonium production

Heavy-quarkonium production iep and pp collisions serves for precision tests of perturba-
tive QCD calculations as well as for the modelling of hadsatipn corrections. At HERA inelas-
tic J/y photoproduction cross sections and polarisation are meag@4, 15] and compared to
the calculations of Colour-Singlet (CS) and Colour-Octe®j models in Non-Relativistic QCD
(NRQCD), and in the framework d¥;-factorisation in Fig. 1. The CS model at NLO describes
the shape of they distribution quite well, while it is unable to predict thearall normalization.
After including the CO contribution, the NLO NRQCD predartiis able to reproduce the normal-
ization of the H1 data within large theoretical uncertairgtighough fails to describe the shape of
the elasticity distribution. At HERA thé@/y polarisation parameters, extracted using the angular
measurements, might indicate a need for CO terms in the Q@Dladons. Various predictions
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Figure 1: Left: Cross section ol /(s photoproduction as a function of the meson transverse mumewy .
Right: Polarisation parameteras a function of the fractional photon enemgarried by the meson.

show different deficits to describe the precise HERA datd,apparently higher order calculations
would be necessary to draw a final conclusion.

Disagreement od /Y polarisation measurement pp collisions with NRQCD prediction was
observed earlier at Tevatron [16]. The CDF experiment mtesea measurement of th&1S)
polarisation [17] as shown in Fig. 2. The preliminary datdiéate a trend towards longitudinal
polarisation and disagree with the NRQCD prediction. Aisdjsagreement between CDF and DO
measurements was pointed out.
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Figure 2: Left: Polarisation parameter for th&1S) as a function of transverse momentum as measured by
CDF and DO. Right: CDF data compared to the NRQCD predicbaded band).

3.2 Open charm and beauty production in QCD analysis of the naleon structure

At HERA open charm and beauty quarks are produced dominamtfypson-gluon fusion,
a process particularly well suited to study QCD. Productibrcharm and beauty (jets) in DIS
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and photoproduction provides a powerful testing groundfQCD calculations. Experimentally-
determined charm and beauty structure functions set eontstron different phenomenological
prescriptions for the treatment of heavy flavours in the Q@Rlyses of the proton structure.
Furthermore, such measurements provide a direct cros& cfighe gluon distribution function

obtained from scaling violations. At HERA charm and beawtgres are tagged either in full re-
construction of heavy-flavoured mesons, or using the vatéd&ctor information, sensitive to the
long lifetime of such hadrons. Results obtained by differaethods can be combined.

3.2.1 QCD tests using open charm and beauty production at HER

Recent HERA results on beauty production in DIS [18, 19] angHotoproduction [20] were
discussed. In Fig. 3 HERA results on beauty production acgvehin comparison with pQCD
predictions at NLO in the fixed-flavour number scheme (FFRERing into account thé-quark
mass. Different methods to tag beauty in photoproductiddEERA were used: the results agree
very well and are described well by the NLO calculation. Ttwss-section of beauty jet production
in DIS is measured as a function of the transverse jet enardysadescribed well by the massive
NLO calculation even when using two different choices of thrormalisation and factorisation
scalesu; = Uz = U. In contrary, charm-jet production in DIS is sensitive te thoice of the scales
in the QCD calculation [19].

New analyses of open charm production in DIS [19, 21, 22] angHotoproduction [11]
were presented. The cross section®btmeson production are shown as a function of the meson
transverse momentum in Fig. 4 and compared with the QCD legicn at NLO. Above the charm-
production threshold (larger(D™)) the calculation describes data well, while at threshold an
below (pr (D) < 1.5 GeV) it underestimates the data.
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Figure 3: Left: HERA results on beauty photoproduction cross-seci® a function of transverse momen-
tum of the b-quark. Different symbols correspond to varibaauty tagging methods. Measurements are
compared to the NLO QCD (shaded band). Right: Beauty jetymtioh cross-section in DIS as a function
of transverse jet energy compared to the NLO QCD calculdtiodifferent scale choice (shaded bands).
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Figure 4: Left: Cross section ob™ production in DIS as a function of the meson transverse maomen
Data (filled symbols) are compared to the NLO QCD (shaded bhdright: Measurement d* production
cross section at low transverse momenta as compared to tBeQ@D (shaded band).

3.2.2 Heavy quark structure functions at HERA

New measurements of the charm and beauty contributféhand sz, to the inclusive proton
structure functiori were presented [18, 19, 21, 22] and discussed in the corft€XED analyses
of the proton structure.

A topic of special interest was the HERA combinE§l measurement [23], where various
methods of charm tagging at both H1 and ZEUS experiments g@mibined, taking into account
systematic correlations. Due to partially orthogonal utaety sources in the different tagging
methods, a significant improvement in the overall precisibr; is observed. The data were
compared to a variety of QCD predictions based on differeasgiptions of the heavy-quark
treatment in the PDF fits. The average precision of the da#ddsit 10% and is significant to
distinguish between different models. In Fig. 5 the HERAstructure function is compared with
the QCD prediction using the HERAPDF1.0 set [24]. The prtsuficof Fy based on HERAPDF1.0
(which does not include charm data) describes the data velhyexcept for low photon virtualities
of Q? = 2 Ge\2. The variation of the charm mass, 1.35 Ge\k m; < 1.65 GeV, in the PDF fit is
investigated and accounted for as an additional model taingr in HERAPDF1.0. The choice of
a largemc was motivated by a recent determination of the charm polenidgeF; measurements
appear to be very sensitive to the choicergfand exhibit a clear preference for the larger values of
m.. Choice of largan. in the QCD analysis of inclusive data results in a steeparrgtlistribution.

A sizable effect on the light quark distributions is also@fed. These effects are not only very
important for the QCD tests at HERA. Such, the NLO predictidor the cross-sections Y-
andZ-boson production at the LHC using the PDFs determined mith- 1.65 GeV rise by 3%
compared to those using PDFs with = 1.4 GeV. A new PDF fit [25] using the preliminary charm
data was performed at HERA f@? > 3.5 Ge\?, using the same formalism as for HERAPDF1.0.
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Figure 5: Left: HERA combinedrs as a function of Bjorken scaling variabtén bins of photon virtuality
Q2. The data (filled symbols) are compared to QCD predicttd¥laD using HERAPDF1.0. Right:. The
shaded band represent the uncertainty due to variationasfrcmass in the PDF fit. 35 < m; < 1.65 GeV.
HERA F; as compared to QCD prediction using HERA PDF fit usifgdata form; = 1.4 GeV (red line)
andm:=1.65 GeV (blue line).

Two values ofm; were studied, resulting in a best fit fan, = 1.65 GeV and a steeper gluon
distribution. Different prescriptions of the heavy-quarkatment in the PDF analyses were tested
using HERA charm data. High sensitivity of the charm measers to the heavy-flavour schemes
in the PDFs in demonstrated. However, the effects due togheyhflavour scheme and the choice
of the heavy-quark mass in the QCD analyses are difficultterdangle, and it is indeed impossible
with inclusive DIS data alone. Therefore, heavy-flavour stieements at HERA provide a unique
opportunity to test the heavy-flavour treatment schemesgeher using an externally determined
value of charm quark mass.

3.2.3 Charm structure function in neutrino-nucleon scatteing

In neutrino-nucleon scattering the charm contribufigrto the inclusive structure functiof
is sensitive to the strangeness distribution in the nuclédre NOMAD collaboration presented
impressive measurements of the ratio of di-muon to charssesections close to the charm thresh-
old [26]. In Fig. 6 the cross-section ratio is shown as a fiamcof Bjorken variablex. The data
have a significant impact on the QCD analyses of the protawctsire. Using NOMAD measure-
ments in PDF fits results in improvement of the precision anstiange sea distribution by a factor
of 2.

3.3 Standard Model tests using heavy-quark production irete™ annihilation

Measurements of charm and beauty productioe’ia~ collisions play a crucial role in the
understanding of the heavy-flavour sector of the Standardd\iaf electroweak interactions. Re-
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Figure 6: Left: Cross section ratio of charm production in dimuon+uhel to the total charm cross section
as a function of the Bjorken scaling varialleThe data (open symbols) are compared to the QCD prediction
(line). Right: Uncertainty on the strangeness distributiesulting from the PDF Fit before (blue) and after
(red) including the NOMAD data.

cent results on charm physics from Belle and BaBar were ptedd27, 28], including studies of
charm mixing, CP violation in the charm sector and propertiecharmed meson decay. Mea-
surements of thBg pseudoscalar purely leptonic decay branching fractioaskso reported and a
comparison with the lattice calculation of tlfig, decay constant is shown. The discrepancy of the
current fp, world average with the theoretical value is reduced. Regsslts on charm mixing
and CP-violation irD® andDP are presented: the mixing parameters are in a good agreevitent
the Standard Model expectations, whereas no evidence Viwldton in D° multi-body decays

is found. BaBar and Belle report disagreement between theasurements of polarization B3
meson decays to vector final states. Moreover, for the first &in observation of 4-body charmless
baryonicB decays was presented.

3.4 Charm and beauty in heavy ion collisions

At RHIC heavy quarks are used as a probe of quark-gluon plaSfAR and PHENIX re-
ported on recent results on charm and beauty production3@p, Heavy-quark production is
tagged in semi-leptonic decays into electrons. After the amralysis of the STAR data, the elec-
tron cross-section measurements by the RHIC experimehibiexery good agreement and are
well described by the FONLL prediction. Future plans foryhequark physics for RHIC-II and
first steps towards physics analysis at the ALICE were aleseurted [31].

3.5 Top-quark production and properties

Due to its very large mass, the top quark does not hadronizeldgays into & and ab quark,
with a branching ratio of almost 100%. Such, an insight to'llaee’ quark properties is possible.
Precision measurements of the top-quark properties pequielcision tests of the Standard Model.
Fig. 7 shows the cross section measurements of top-paiugtiod at the Tevatron [32, 33], com-

11



Heavy Flavours in DIS and Hadron Colliders

pared with theoretical predictions at NLO, with the possibiclusion of NLL soft/collinear resum-
mation and some NNLO contributions. Several analysis nuktlane explored and all the top decay
channels are considered, in order to better constrain thygepties of the top quark and to search
for possible sources of new physics affecting tthproduction mechanism.
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Figure 7: Left: Cross section of top-pair production as measured bgxp@riment in different channels of
W decay. The data (filled symbols) are compared with a fewutations, as discussed in the text. Right: The
cross-section of top-pair production as a function of a tegrk mass compared to the theoretical predictions.

Precision measurements of the cross section can also béaugkd extraction of the pole top
guark mass using higher-order calculations. However hberttical uncertainties on the top cross
section predictions are quite large. Direct measuremetiteofop quark mass using various meth-
ods by CDF and DO collaborations also discussed [34, 35].s@ n@eeasurements can reach very
high precision, but are limited by systematic uncertaihtgwever, since such analyses are mostly
driven by Monte Carlo event generators, the physical im&gbion of the measured top mass in
terms of a well-defined theoretical definition is not stréfigiward. Other top quark properties,
such as charge, helicity, width and lifetime have been nredsat the Tevatron [36] and have been
shown to be consistent with the Standard Model expectati®tef. [37] presents the plans and
strategies of ATLAS and CMS to measure theross section using early LHC data and a centre-
of-mass energy of 10 TeV. According to [37], it will be podsito measure this cross section with
a precision of 20-30% even with a luminosity of a few tens iseegpicobarns.

4. Conclusions

The session on heavy flavours in DIS and hadron colliderseaDil$2010 workshop had a
number of impressing presentations, discussing receatdtieal improvements as well as exper-
imental results and prospectives for heavy-quark and hbadyon production in several different
experimental environments. Especially worth to mentianthe latest calculations in perturbative
QCD, NRQCD, Regge and non-perturbative models, as well eseptations of heavy-ion colli-
sions, developments of Monte Carlo generators and intexpye of exotic hadrons observed at
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the Tevatron. Latest experimental results from major érpemts as HERA, Tevatron, RHIC and
B-factories, as well as the prospects for heavy-flavour nreasents at the LHC were presented. In
general, the experimental data are in reasonable agreemitarthe theoretical predictions, how-
ever, as discussed throughout this paper, there are sttaleopen issues calling for more refined
computations, along with more precise data. With the irgingaprecision of the measurements,
close collaboration between experimentalists and thisondl be inevitable for probing and un-
derstanding the mechanisms of heavy-flavour productionitarghrticular role in the structure of
matter.
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