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Motivations

◮ Top quark production at the LHC: crucial in the near future
phenomenology!

◮ tt̄ pairs are copiously produced in PP reactions at the LHC,
=⇒ inflow of precise measurements of top-quark production
cross section with unprecedented accuracy

◮ Precise measurements of differential cross section as a
function of different observables: already available!
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A lot work to do on the phenomenological side

◮ crucial to test Standard Model (SM) properties: mt ≈ mH →
glimpse of the Higgs sector!

◮ ongoing efforts in precise determination of mt

◮ investigation of the correlation αs(MZ ), mt , and PDFs

◮ QCD factorization

◮ A new realm of precision calculations



Physics Beyond the SM: is there any?

from F. Maltoni and R. Frederix, JHEP 0901 (2009) 047



We need precise theoretical predictions beyond NLO
QCD!

..Reduction of theoretical systematic uncertainties associated to
variation of scales in the calculation (although this is not the end
of the story...)

Lots of work has been done in the past years on soft-gluon
resummation

Remarkable progress recently on fixed order NNLO calculations



Recent progress
The NNLO exact calculation for the tt̄ total cross section is now
complete up to O(α4

s )

◮ Czakon, Fiedler, Mitov (2013); Czakon, Mitov (2012), (2013);

Baernreuther, Czakon, Mitov (2012)

Exact NLO tools available

◮ MCFM Campbell, Ellis, Williams; MadGraph5 Alwall, Maltoni,

et al.; MC@NLO Frixione, Stoeckli, Torrielli, Webber, White;

POWHEG Alioli, Hamilton, Nason, Oleari, Re.

Approx. NNLO including threshold resummation

◮ Czakon, Mitov, Sterman, (2009); Kidonakis (2010); Moch, Uwer,

Vogt (2012); Cacciari, Czakon, Mangano, Mitov, Nason (2012)

Progress in Soft Collinear Effective Theory (SCET)

◮ Ahrens, Ferroglia, Neubert, Pecjak, Yang, (2011)



Development of tools for phenomenology:

We report on the progress on DESY & University of Hamburg side

Approx. NNLO calculation including NNLL threshold resummation
(A Mellin-space resummation computer code, Sven Moch and M.G.)



Some known facts about resummation and kinematics...



Remnants of long-distance dynamics in a hard scattering function
can be large in regions of phase space near partonic threshold and
dominate higher order corrections: → logarithmic corrections

Threshold resummation organizes double-logarithmic corrections to
all orders, thereby extending the predictive power of QCD to these
phase space regions. G. Sterman (1987); S. Catani and L.
Trentadue (1989); H. Contopanagos, E. Laenen, and G. Sterman
(1997)

The kinematics of inclusive heavy quark hadroproduction depend
on which final state momenta are reconstructed.
In threshold resummation, a kinematic choice manifests itself at
next-to-leading-logarithmic level.



Resummation in single-particle inclusive (1PI) and
pair-invariant mass kinematics (PIM)

Near threshold heavy quark hadroproduction in 1PI kinematics is
defined by reaction is dominated by the partonic subprocesses

i(k1) + j(k2) → Q(p1) + X [Q̄](p′2) p′2 = p̄2 + k (1)

where is k any additional radiation, and s4 = p′2 −m2 → 0
momentum at the threshold.
In the pair-inclusive kinematics (PIM)

i(k1) + j(k2) → QQ̄(p′) + X ′(k) (2)

X ′(k) = 0 the reaction is at the threshold p′2 = M2.



Approx. NNLO+NNLL differential cross section at parton level in
1PI, here s4 = ŝ + t̂1 + û1
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Recent progress in Soft Collinear Effective Theory, where one
apdopts a different approach to compute the soft function and
resums slightly different logs
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These kind of corrections can be numerically important. Detailed
analysis by Ahrens, Ferroglia, Neubert, Pecjak, Yang, (2011),
(2012).



What is it good for?

◮ precise forthcomig data

◮ theory @ NLO and approx NNLO sizeable K-factors
(perturbative level)

◮ non-perturbative parameter αs(MZ ), mt , gluon(x) ⇒
simultaneous determination ⇒ global fit predictions!
attempt in this direction with state-of-the-art σNNLO

tt̄ by Czakon,

Mangano, Mitov, Rojo (2013), although we can discuss about

statistical significance.

◮ Tools development:
◮ flexible OPEN SOURCE code for experimentalists
◮ possibility of manipulating inputs: (PP ,PP̄), mt , muF , muR ,

αs evol., lhapdf interface, perturbative order, logarithmic
approximation etc..



Results



Quality check:
NLO Exact Calculation vs approx NLO
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K-factors are large! CMS-TOP-11-013
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approx NNLO+ NNLL
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Dependence on mt
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αs(MZ ) dependence within CT10NNLO PDFs
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Estimate of the PDF uncertainty at 90% C.L.
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Pt
T -differential distribution
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Y t differential cross section dependence on mt
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Estimate of the PDF uncertainty
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Conclusions

◮ work in progress on developments of tools for
phenomenological analyses

◮ More data needed: new data are on the way !

◮ More comparisons data-theory for differential observables are
in progress.

◮ Work in progress on the improvements on theoretical side

◮ It will be very interesting to plug in all of this into PDF fits!





BACKUP



Estimate of the PDF uncertainty
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Y t-differential distribution
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