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Top-pairs at the LHCTop-pairs at the LHC

Top pair production QCD corrections at hadron colliders 
are known to NNLO  M. Czakon, D. Heymes, A. Mitov 
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Outline & Goals of the TalkOutline & Goals of the Talk

i. Explain in brief what we are resumming 

ii. Top pair + H/W/Z: show some results for the total 
cross section and several differential distributions 
(obtained with an in-house Monte Carlo) at 
NLO+NNLL accuracy

iii.Top pair production: show results for the pair invariant 
mass distribution and the top quark transverse 
momentum distribution at NNLO+NNLL’ accuracy
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Partonic center of mass 
energy (squared)

Invariant mass of the heavy particles 
in the final state
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Mass logs in top pair productionMass logs in top pair production

● The LHC has the ability to probe top quarks with an energy of a 
few TeV → “boosted’’ tops,  

● Within the soft gluon corrections, there are terms which are 
further enhanced by        

● Essentially, in the small mass limit the hard function and the soft 
 function factor further:

● A framework for the simultaneous resummation of threshold 
and small mass logarithms in top-pair differential cross sections 
at the LHC is available AF, B. Pecjak,and L.L. Yang (‘12)

  D.Forde, B. Pecjak,X. Wang and L.L. Yang(‘16)



Types and accuracy of the Types and accuracy of the 
resummationresummation

● We have all of the elements needed to carry out soft gluon 
(partonic threshold) resummation to NNLL accuracy (for 
both top pair and top pair + H/W/Z)

● Resummation in the soft-boosted limit can be carried out 
to NNLL’ accuracy (i.e. massless hard and soft functions + 
fragmentation to NNLO, technically                   )

● The matching of NNLL soft gluon resummation to 
NLO/NNLO calculations well understood

● The soft - boosted resummation formula in alpha_s is the 
small mass limit of the threshold resummation formula at 
any fixed order in alpha_s. This can be used to match the 
two resummation procedures and obtain NNLO+NNLL’ 
predictions



Top-quark pair + H (or W/Z)Top-quark pair + H (or W/Z): : 
NLO+NNLL (soft-limit) results NLO+NNLL (soft-limit) results 

  
Total cross section Total cross section 

++
Four differential distributions Four differential distributions 

A. Broggio, AF, G. Ossola, B.D. Pecjak, R. Sameshima, L.L. Yang

JHEP 1609 (2016) 089 [arXiv:1607.05303] 
JHEP 1702 (2017) 127 [arXiv:1611.00049] 
JHEP 1704 (2017) 105 [arXiv:1702.00800]
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and the higher-order results are roughly within the 
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Comparison among predictions at Comparison among predictions at 
different factorization scalesdifferent factorization scales
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Top-quark pair productionTop-quark pair production: : 
NNLO+NNLL’ (soft-boosted) NNLO+NNLL’ (soft-boosted) 

results results 
  

Pair invariant mass Pair invariant mass 

Top-quark transverse momentum Top-quark transverse momentum 
M. Czakon, AF, D. Heymes, A. Mitov, B. Pecjak, D. Scott, 

X. Wang and L.L. Yang 

(In progress, preliminary results)
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Top quark pT distribution at Top quark pT distribution at 
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Top pair production Top pair production 
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Conclusions Conclusions 
● We implemented a method to study partonic threshold 

corrections to top pair (+ H/W/Z) boson production 

● In top pair production, we also resum “small” mass 
logs, important in the tail of the distributions

● NLO+NNLL results in the soft emission limit are 
available for top pair + H/Z/W production (total cross 
section +  diff. distributions)

● [preliminary] NNLO+NNLL’ (soft+ “boost.”) results are 
available for the invariant mass and top transverse 
momentum distributions in top pair production 



Backup SlidesBackup Slides



How to resum soft logs How to resum soft logs 
(very short version)(very short version)

● The hard and soft functions are free from large logarithms and 
can be evaluated in fixed order perturbation theory

● The hard and soft functions satisfy RGEs regulated by 
anomalous dimensions which can also be calculated up to a 
given order in the strong coupling constant α_s       

● By solving the RGEs one can resum large corrections 
depending on the ratio of hard and soft scales

● In practice, it is more convenient to solve the RGEs in Laplace 
space or Mellin space, where convolutions become regular 
products 



Mellin spaceMellin space

● The resummation can also be carried out in Mellin 
space (by taking the Mellin transform of the factorized 
cross section), similar to “direct QCD” resummation

● The total cross section can be then recovered with an 
inverse Mellin transform



Resummed kernels in Mellin spaceResummed kernels in Mellin space
● RG evolution is used to obtain    at the scale

● By rewriting                               as a function of                 
                    

 

NNLL resummation requires:

1)                        2) Soft function to NLO     3) Hard function to NLO  
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ScalesScales
● In fixed order calculations, one needs to choose a default value 

for the factorization scale

● In resummed calculations we also have to pick a value for the 
default hard and soft scales

● In order to keep the hard and soft functions free from large 
logarithms in Mellin space, one chooses

● The choice of the default value for the factorization scale is 
more delicate (see following slides) 



Scales in the boosted-soft limitScales in the boosted-soft limit
● In partonic threshold resummation one needs to choose a 

default value of 3 scales

● In the soft boosted limit the hard function and the soft function 
further factor in the product of two functions. This fact gives rise 
to two addictional scales 

● In Mellin space, one chooses

● In order to determine the residual scale uncertainty, all scales 
are varied separately and the variations are combined in 
quadrature 



Scale uncertaintyScale uncertainty
● In fixed order results, the scale uncertainty is evaluated 

by varying

● For resummed results, we vary all scales (hard, soft and 
factorization) independently in the range

●  For an observable O (the total cross section, or the 
value of a differential cross section in a given bin) one 
evaluates (for                                             )

● The quantities                     are then combined in 
quadrature in order to obtain the scale uncertainty 
above (below) the central value
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tTH production scale dependencetTH production scale dependence

The factorization scale should be chosen such  in such a way that 
logarithms of the ratio µ_f /M are not large.  Since we are working in 
the partonic threshold limit it is natural to choose a dynamical value for 
the factorization scale which is correlated with M
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Comparison with 1704.03363Comparison with 1704.03363

Broggio et al MMHT 14 PDFs
Kulesza et al PDF4LHC15_100

Approximate, color 
averaged hard & soft 
functions in Kulesza et al.


