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Introduction. Since its discovery at the Tevatron, the top quark has begtingl an extremely
important role in particle phenomenology.

Its mass, a fundamental parameter of the Standard Model,(8Mhe largest in the quark
families and it is close to the electroweak symmetry brepa{EEWSB) scale. Therefore, the top
qguark behaves differently with respect to the other quaoksifany reasons. The leading decay
channel of the top-quark intolaquark and &V boson, is mainly controlled by weak interactions,
thus decay properties like spin correlations and helicity be investigated in a clean way in the
decay products, before that hadronization takes places i$turucial for precision measurements
and tests of the electroweak (EW) sector. Furthermore, @msrof the top quark recently obtained
from the combined results of the measurements of the CMS an@3a [fll] collaborations at the
LHC,ism =1733+0.76 GeV and since it is close to the mass of the Higgs bosoryasgis the
possibility of studying the interplay between the Higgstseand top-quark physics.

Due to the large mass, processes involving final-state tapkgun high-energy hadronic re-
actions are excellent candidates to probe parton disimiibiftinctions (PDFs) of the proton in
kinematic regions where these (particularly the gluon)@aneently poorly constrained and are
correlated with the strong coupling constagtand top-quark mags.

LHC run-I provided us with the possibility to perform preeimeasurements of total and dif-
ferential cross sections for top-quark pair productioneaiter-of-mass energiagS= 7 and 8 TeV,
recently published by the CM§ [, 3] and ATLAB [4,[b, 6] colbaations. These measurements are
being used in multiple phenomenological analyses wttedata are used to test the properties of
the Standard Model (SM), QCD factorization and to inveségaossible signals of physics beyond
the SM (BSM).

Total and differential cross sections fompair production at the LHC are mostly driven by the
gluon-gluon luminosity, in which the gluon PDF is probedaatk values of the parton momentum
fraction x =~ 0.1. The inclusion ott pair production measurements in global QCD analyses for
PDF determinations will allows us to investigate the catieh between the top-quark mass
strong coupling constamts, and the gluon.

In this brief paper we illustrate phenomenological resultscumented in Refs[][f] 8], which
are of importance for analyses at the LHC and are obtainedsimg uhe DFFToP code, which
provides a basis for applications in QCD analyses to detesrRDFs and it will be soon released
for public use.

The need for precision. To fully exploit the constraining power of the current dapae-
cise theoretical predictions are needed at the highestirpative order possible, in which sys-
tematic uncertainties associated with renormalizatamdirization (Ir, Ur) and other scales are
reduced. Efficient tools for the analyses, incorporating ¢hrrent state-of-the-art of QCD cal-
culations fortt observables are therefore necessary. The QCD correctiohsavy-quark pro-
duction at hadron colliders at the next-to-leading ordet @) ¢(a2), are known since many
years [P[Z0[ 14, 12, 11.8,]14]. The full calculation at nextéxt-to-leading order (NNLOY/(ad),
for the inclusive cross section has been accomplished eciyntly [15,[16[ 17] 18] and required
continuous efforts of the QCD community in calculating edlie corrections and in the develop-
ment of computational tool$ [L9, 120, 4T] 22] B3, P4,[25, 26fe NNLO calculation for the inclu-
sive cross section for theé production is implemented in the C++ computer prograros++ [271]
and HaTHOR [P8]. The exact NLO calculations fdt total and differential cross sections are ef-
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ficiently implemented into Monte Carlo (MC) numerical codd€FM [P9], MC@NLO [B0],
AMCFAST [B1], POWHEG [3P], MaDGRAPH/MADEVENT [B3, [34]. On the other hand, the
NNLO corrections fott differential cross sections are not yet available and NL&ljotions seem
to be not accurate enough to describe the current LHC dataube perturbative corrections are
large and systematic uncertainties associated to varialessentering the calculation are impor-
tant (see Fig[]1). For this specific purpose, techniques db @@eshold resummation provide
us with theoretical tools to estimate the importance ofybetive higher orders in cross-section
calculations [356[ 36 37, B$,]3pP.]40]. By using thresholdunemation methods one can derive
approximate formulas beyond the NLO approximation, in Whicoss sections are expanded in
terms of the logarithmic enhanced contributions and caretbee be written at various degrees of
logarithmic accuracy.

DIFFToPis a Mellin-space resummation computer code for calcudatibal and differential
cross section for heavy-flavor production at hadron caltide approximate NNL@ (ad). It uses
techniques of logarithmic expansion beyond the leadingritigmic accuracy in QCD threshold
resummation and the implementation strictly follows theideion in Ref. [41] and references
therein. Other particulars of the calculation can be foumBReéfs. [J [4R[ 43} 44, 45].

For the purpose of a fast calculation within QCD analysesPoF determination, FFToOP
has been interfaced ®xsTNLO [f§, [47,[48] which allows the user to calculate fast tlyejre-
dictions using any PDFs. IBFToP and its interface t&FASTNLO provide a framework for the
inclusion of differentiakt cross sections at approximate NNLO into QCD analyses of PDResre
a simultaneous determination of gluan(Mz) and top-quark mass, using tttaneasurements to-
gether with measurements of Deep-Inelastic Scatterin§)Bxd jet production in DIS and proton-
proton collisions, might resolve the correlations amoregéhquantities.

Results. In this section we show results for the approximate NNLO walion for differen-
tial cross sections in the single-particle inclusive (1RHematic at the LHC (see Refs.]39] 41]
for details on the kinematics). Theory predictions are careg to the recent LHC measurements
of differential distributions fott production at/S= 7 TeV by the CMS[] and ATLAS[J5] col-
laborations. In particular, transverse momentpindistributions for the final-state top quark are
presented here. The central prediction correspondinge@pproximate NNLO is obtained by
choosingm = 173 (pole) GeV, and renormalization and factorizationesalsugr = ur = m. The
theory predictions shown for the various PDF sets ABM1] [49]10 [5(], HERAPDF1.5[[31],
MSTWO08 [52], and NNPDF2.3[[$3], use thmy(Mz) value given by each group. In Fif]. 1 we
compare DFFTop and the full NLO calculation obtained by MCFNI]29]. The insian of higher
orders reduces substantially the scale dependence anthatifies the shape of the; distribu-
tion. When these theory predictions are compared to therét¢C measurements the theoretical
description of the measurements significantly improve&NNLO case. In Fig] 2 we compare
predictions using different PDF sets to the CMS and ATLA%da@he errors corresponding to the
different PDF sets are represented by bands with differatthies and are estimated by summing
in quadrature the uncertainties relative to PDEMz), scale, andn, variations. Here PDF uncer-
tainties are shown at 68% confidence level (CL) and are cosdpoy following the prescription
given by each PDF group with the exception of ABM, in which tbel uncertainty, obtained with
the symmetric formula for the eigenvector sets, represt@$?DF +as uncertainty at the 68%
CL. For the MSTWO08, CT10, HERAPDF1.5, and NNPDF2.3 PDF detauncertainty associated
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Figure 1. Study of scale uncertainties for MCFM andABTop calculations for the top-quarg distri-
bution. Ratio of theory over data for CMS (Iefﬂ [2] and ATLABght) [E] measurements. Here MSTWO08
NLO (NNLO) PDFs are used for the MCFM (BFToP) calculation. Renormalization and factorization
scales are set tor = g = m and varied such a® /2 < g = pr < 2m.

to as(Mz) is given by the central value as given by each gretfos(Mz) = 0.001. The scale
uncertainty is obtained by variatioms /2 < pr = pg < 2m;, while the uncertainty associated to
the top-quark mass is estimated by usng= 173 GeV (pole massyAm = 1 GeV.

At the present stage, even though the CMS and ATLAS measuitsraghibit relatively large
uncertainties, these data might have some impact in PDEsdligiation once included in QCD fit
analyses. On the other hand, a significant amount of infeomatontained in the measurements
of differential distributions is lost by normalizing thetda Measurements of absolute differential
cross sections are of crucial importance to fully explagtplotential of thét production to constrain
the gluon distribution. Moreover, a reduction of the statiand systematic uncertainties in the
high-energy run of the LHC will be of clear advantage.

Conclusions. We have shown results for differential cross sections obtained with the flex-
ible computer code FToOP at approximate NNLO, which are relevant for phenomenoklgic
investigations at the hadron colliders. We have illusttdateoretical predictions for PDF sets that
account for uncertainties due to variations of PDFs, sealendm, and that are compared to the
recent measurements by the CMS and ATLAS collaborationserGine accuracy of the present
data and the existing correlations between the strong taupk(Mz), top-quark mass, and gluon
PDF, these measurements might have an impact in consgdtménargex gluon distribution once
included in QCD fit of PDFs. In particular, investigationsatisolute differential cross sections will
bring complementary information related to the magnitude ather details of the distributions,
which will be crucial to improve the constraining power o tbxperimental data.
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