
High-precision fully 
differential predictions for 
top-pair production at the 
LHC in perturbative QCD

Duarte Barreta
Advisor: João Pires



The top 
quark
• The top quark is the heaviest

quark in the standart model
• Since the partonic center of

mass energy is sufficiently
large ( 𝑠 ≥ 2𝑚𝑡 ≈
346 GeV), at the LHC the

proton-proton center of
mass energy is 13TeV, and
roughly, 16 tt̅ pairs are 
produced per second



The creation of top quarks at LHC

• The LHC is a proton acelerator
• The proton is made of 2 up quarks and 1 down 

quark, which are bounded by gluons



Feynman Diagrams

• Because of quantum flutuations, a gloun can 
briefly turn into a quark-antiquark pair and this
dynamical process happens constantly inside
the proton.

• At the LHC when two protons collide, a quark 
from a proton and an anti-quark from the other
proton can undergo hard scattering and
sometimes form a top-antitop quark pair



My work on 
the 
intership

• Used fastNLO to predict the differential
cross sections for tt̅ production at LHC

➢For Mtt, Ytt, Yavt and Ptavt
➢At 8 TeV and 13 TeV

• The results will be given in funtion of
different orders of the perturbative
expansion



Observables
• Invariant Mass (Mtt) : 

𝑀𝑡𝑡̅ = 𝑝𝑡 + 𝑝t̅

• Rapidity of the top-antitop pair (Ytt) : 

𝑌𝑡t̅ =
1

2
ln

E + 𝑝𝑧
E − 𝑝𝑧

• Average Rapidity of the top-antitop pair (Yavt) :

𝑌𝑎𝑣𝑡 =
1

2
(𝑦𝑡 + 𝑦𝑡̅)

• Average top-antitop transverse momentum (Ptavt) :

𝑃𝑇,𝑎𝑣𝑡 =
1
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Differential Cross 
section and
renormalization scale
variation at 13 TeV

• For each perturbative order there is a theorical uncertainty
related with the renormalization scale
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Conclusions/Outlook
• The diferential cross section has a clear dependence from the energy of

center of mass, the normalization factor used and order of the perturbative
expansion

• The perturbative expansion converges

• Study the influence of the PDF used and evaluate the deviation it causes
• Compare the predictions made with LHC data



Webgraphy

• https://www.lhapdf.org/
• https://fastnlo.hepforge.org/
• https://www.precision.hep.phy.cam.ac.uk/results/ttbar-fastnlo/
• https://arxiv.org/abs/1704.08551
• ‘Modern Particle Physics’ – Mark Thomson
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