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1. Introduction

The top quark with a mass of 173:0.6+1.1 GeVE? [1] is the heaviest fermion discovered
so far. Owing to its large mass the top quark has remarkabigegties. In the context of quantum
chromodynamics—the accepted theory of strong interaetitve top quark is the only quark which
does not produce bound states. Due to the large mass theis/gltHarge that on average the top
guark decays before it can hadronize [2]. The spin inforomatif the top quark—a footprint of the
production mechanism—is thus not diluted by hadronisabattransferred to the decay products.
In the Standard Model (SM) where the dominant decay is thig/péplating decay into &/-boson
and ab-quark the polarisation can be analysed via the angulantaition of the decay products.
The polarisation of the top-quark can thus be used as ani@ulitobservable for more precise
tests of the underlying interaction. Since the mass of thegteark is so large top-quark physics
will probe nature at the energy scaldd 70 GeV—close to the scale where electroweak symmetry
breaking takes place. It is thus natural to use top-quarlsiphyas a tool to explore this energy
regime. This is of particular interest since the fact thatttp-quark mass is so close to the scale of
electroweak symmetry breaking has motivated many extaagibthe SM in which the top-quark
places a central role. It is thus important to measure assgigas possible the properties of the
top-quark and to compare these measurements with the Shtiwed to see whether the top-quark
behaves as predicted by the SM or whether new physics effectsme visible. In the SM the top-
quark properties are fixed by the gauge structure. The togkgsipredicted to be an object with
electric charge 2/3 and the normal up-type quark coupliodeé massive gauge bosons. The only
free parameters in the SM are the top-quark mass or alteehatis Yukawa coupling to the Higgs
boson and the matrix elementg, Vis, Vip of the Cabibbo-Kobayashi-Maskawa matrix. Assuming
unitarity and 3 families these elements are highly consticifrom indirect measurements. It turns
out that|Vip| is close to one while the remaining two are close to zero. Tmidant decay in the
SM is thus the aforementioned deday W h. Since the bounds 0w, are very much relaxed if a
fourth family is taken into account it is important to extrwe valuev;, from a direct measurements
in single-top production. This has been done recently afévatron [] and will be continued at
the LHC. The top-quark mass is also known very precisely ftbenmeasurements at Tevatron.
The current experimental uncertainty is less than 1%. Hewewne should keep in mind that the
interpretation of the measured quantity in terms of a patana# the SM Lagrangian in a specific
renormalisation scheme is still not fully settled. It isdmmt that for precise experimental studies
equally precise theoretical predictions are required tamare with. Since the large width of the
top-quark effectively cuts off non-perturbative QCD effereliable predictions are feasible within
QCD allowing also to include corrections beyond the Bornrapimation. A central quantity in
that context is the total cross section for top-quark paadpction. We will comment on recent
theoretical progress concerning the total cross sectigeation 2. QCD can lead to a charge-
asymmetry in top-quark pair production. We will briefly comnt on this observable where a
significant deviation from the theory prediction is obserme section 3. In section 4 the first
determination of the running top-quark mass at a high sealiscussed. Some recent progress in
top-quark physics which cannot be discussed in detail willjboted briefly in section 5.
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2. Recent theoretical progress in top-quark pair production

Top-quark pair production in hadronic collisions procegdBorn approximation via the par-

ton channelgyg — tt andqg — tt. The hadronic cross section is obtained from a convolution o
the partonic cross sections with the parton distributiamcfions (pdf). Due to the very different
collider energy at which the pdf’s are probed the crossaeedcti LHC is dominated by gluon fusion
while at the Tevatron the quark channel dominates. Theteeldading order corrections were cal-
culated 20 years ago for unobserved spins in Ref. [3, 4] attdtih full top-quark spin dependence
in Ref. [5, 6]. As usual the corrections are a combinationikfial and real corrections. Due to the
complicated phase integrals involved the results were gubted as fits to numerically integrated
cross sections. Only recently a complete analytic resultfe NLO partonic cross section has
been published [7]. The behaviour close to the productioastiold however was already known
analytically in the early work [3]. For the gluon channel theeshold behaviour reads in NLO:
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One can observe the enhancement close to the threshold the 3§3 Coulomb singularity and
the soft logarithms f(3),In(B). A similar structure can be found in the quark channel. Ctose
the threshold both contributions can give potentially éacgrrections spoiling the validity of the
fixed order calculation. Owing to the universal propertiéshe specific corrections the resum-
mation to all orders in perturbation theory is possible. thersoft-logarithms this has been done
up to the next-to-leading log (NLL) level for example in Ref8, 9]. In Ref. [10] this analysis
has been extended to the next-to-next-to-leading (NNLHepbased on known existing results
and a physically motivated guess for the missing piegg. The NNLL resummation gives only
a minor correction compared to NLL. Receniyg has been reanalysed and a value differing
from Ref.[10] has been found [11, 12, 13], however the phaeratogical conclusions drawn in
Ref. [10] remain unchanged. Recently also much progresbédms made concerning the calcula-
tion of the next-to-next-to-leading order (NNLO) corrects for the inclusive cross section. This
includes a better understanding of the factorization oftsdag amplitudes for massive quarks
[14, 13] but also results for the two-loop amplitudes [15, 18] and the one-loop amplitudes
squared [18, 19, 20]. The combination of the various coiwastin particular the cancellation of
soft and collinear singularities between double bremiskirgy corrections and the two-loop con-
tribution still needs to be done. One may wonder whether @reimprove the quality of the
theoretical predictions already in the meantime takingttie®retical progress into account. This
has been studied in Ref. [10]. The basic idea is to use thelkxge about the universal behaviour
due to soft gluon resummation to derive an approximatiornéoftill NNLO result (see also Ref.
[21]). In Refs. [10, 22] the NNLL resummation was used to pethe threshold corrections in
NNLO. This ansatz is further improved by adding Coulomb tgperections and the known scale
dependent (factorization as well as renormalization $tatens. Since corrections due to the emis-
sion of hard jets are small [23, 24] one can expect that theoappation based on soft gluon
approximation which gives the correct behaviour in the ghadd region should provide a good
approximation to NNLO. This is in particular true if the pradion is threshold dominated. For
the CTEQS.6 pdf set the results quoted in Ref. [22] argec = 874" 3;(scalg "55(CTEQ6.6pb,
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Orev = 7.347333(scale 541 (CTEQ6.6pb. As far as the central values are concerned similar re-
sults have been obtained recently in Refs. [25, 26]. Howeneeuncertainty due to the scale depen-
dence quoted in Ref. [10] is much smaller due to the inclusioall scale dependent terms. One
should keep in mind that the resummation used in Ref. [2%)] génerates scale dependent parts
at the NNLO level. The difference compared to Ref. [10] id thase terms are only generated for
the soft part. How to estimate the theoretical uncertantiethe various theoretical predictions is
currently under investigation. In Eq.(2.1) the cross secthay also be enhanced due to the pres-
ence of the Coulomb type corrections. This is a remnant ofddvoe bound state. The corrections
can be resummed using a non-relativistic Green function28y. Similar to what is known from
ee~ annihilation a peak structure in the pair invariant magddistribution is observed below the
nominal threshold [27, 28]. If this structure is resolvedhet LHC it provides a sensitive measure
to the top-quark mass. The region below the threshold wineréted order cross section is zero
gives a correction to the inclusive cross section of abopblG the cross section is measured with
a 5% accuracy these corrections as well as the weak comed@d, 30, 31] must be included in
the theoretical predictions.

3. The forward-backward charge asymmetry

Radiative corrections to top-quark pair production canl lerinterference terms in the cross
section which are odd under charge conjugation of the topkgud his effect has been studied in
Refs. [32, 33]. At the Tevatron the charge asymmetry can teadforward-backward asymmetry
Asp of the top quarks. In Ref. [34] the effect is predicted todye = 0.05+ 0.015. The most recent
measurement from the CDF collaboration based on the intsgtaminosity of 3.2 1/fb finds a
significant differenceAfy” = 0.193+ 0.0651 +-0.024%¥. The interpretation of the discrepancy
is unclear. Despite the fact that in Refs. [32, 33] one-lo@mihms and real corrections were
calculated the prediction is only at leading-order acoursioce the asymmetry appears for the
first time at this order. Higher-order corrections couldtsttie theoretical prediction towards the
experimental value. For jet production in association &itradditional jet the situation is different.
Here the asymmetry appears already in the Born approximatidhe NLO corrections for that
process calculated in Refs. [23, 24] allows to calculate atarections for the asymmetry. This
has been studied in Refs. [23, 24] using different valuep$8rused to define the additional jet.
The main result is that the asymmetry receives large radiabrrections and is almost washed out
at NLO. The origin of this behaviour and the correspondingav@ur of the observable defined
for the inclusive sample needs to be clarified. A possibldamgiion could also be the presence of
new physics (see for example [34, 35, 36, 37]).

4. A direct determination of the running top-quark mass

The on-shell mass of a quark is not a well defined concept dimriosic uncertainties of the
order of Aqcp [38, 39]. Furthermore the experimental analysis at the ffemas mostly based on
a leading-order prescription which is insufficient to measaparameter of the Lagrangian. An al-
ternative method addressing both aspects is proposed inZRgfThe idea is to use the sensitivity
of the total cross section to the top-quark mass to estirhat@drameter from the measured cross
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section. Converting the theoretical predictions to thenimg mass IS scheme) gives a direct
handle to the running mass at large scale. This has been dotteeffirst time in Ref. [22]. As

a remarkable result it is observed that the perturbativdigtion becomes much more stable with
respect to radiative corrections leading to a very stabterdenation of the running mass. The
value quoted in Ref. [22] is 1683 GeV/c?. The same procedure applied in the on-shell scheme
gives rather different results when applied in LO, NLO, andLiD. Converting the running mass
to the on-shell mass the result is consistent with the dimeshsurements. Due to the weak sen-
sitivity of the cross section with respect to the mass thehotbis not competitive with the direct
measurements as far as the uncertainty is concerned, hothiev@ethod provides an independent
cross check and is theoretically rather clean.

5. Recent theoretical progress

In the following we briefly list recent theoretical prograssop quark physics:

— QCD caorrections to top-quark pair production with an additi onal jet: In Refs. [23, 24] the
NLO QCD corrections are presented. The corrections aresabittier of 10-20 % however also the
shapes of some distributions are modified.

— Single-top quark production in the 4-flavour scheme: In Ref. [40, 41] single top-quark pro-
duction is studied in the 4-flavour scheme. While for inalasjuantities the results are comparable
to the 5-flavour scheme differences are observed in disiitig sensitive to the spectator b-quark.

— QCD corrections to ttbb production: This process is a background for Higgs studies in the
ttH finale state. Since the calculation involve one-loop caives to six-point amplitudes the cal-
culation is highly non-trivial. NLO results have been prasé recently in Refs. [42, 43, 44].

— Top mass effects in Higgs production via gluon fusion: Higgs production via gluon fusion
proceeds through a top-quark loop. Higher order correstare typically calculated replacing this
loop with an effective vertex. In Ref. [45, 46] mass correas to this approach were studied in
NNLO. The corrections are small and proof the applicabibitghe effective vertex approximation
for the relevant cases.

Acknowledgments: | would like to thank the organisers fa ithvitation to this conference which | enjoyed
a lot. My apologies that not all recent developments couletleeen mentioned due to the lack of time.
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