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What do we measure?
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Extremely precise tt 
measurements to 
● find deviations from 

SM, 
● measure SM 

parameters with high 
precision, 

● improve Monte Carlo 
simulations, 

● input to PDF fits…

Scrutinise production of top+X 
processes 
● EW, yukawa couplings

Access the very
rare processes 

→Details on particular analyses in 
the poster session!



- Precision ttbar measurements as tests of the SM 
- Extract Yukawa coupling from mtt threshold or top quark width 

from invariant mass of lepton+b-jet, charge asymmetry in rapidity 

between top and antitop quark 
- It all boils down to measure the total rate of the process or as a 

function of certain variables…

- However…
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What do we measure?



- Detector and resolution effects
- Smearing of true info
- No direct comparison between results of different experiments and to theory 

predictions possible
- Unfolding: correct for acceptance & resolution effects
- Requires knowledge of the acceptance and detector resolution 
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General strategy: unfold measurements
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General strategy: unfold measurements

1. Event selection

2. (Top quark kinematic reconstruction)

3. Bin-wise cross section measurement:
⋄ Subtract background
⋄ Unfolding**: correct for detector 
effects & acceptance

4. Compare diff. cross section to theory 
predictions/calculations: Absolute or 
normalised to in-situ measured σ 
extrapolated to full or in fiducial phase 
space (parton/particle level)

** If we can simulate the theory up to 
detector level we don’t need it! We would 
just perform a fit to data to extract the 
best-fit value of the parameter of interest



What is parton level? What is particle level? 
… and why we use those definitions?
Parton level

● Defined using on-shell top quarks and including 
initial- and final-state radiation from quarks and 
gluons before the top-quark decay

○ Basically checking event history of the 
simulation chain!

○ No kinematic requirements (full phase 
space)

■ Not trivial at all to define jets in an 
unambiguous way

Why? Compare to high-order calculations, with 
stable top quarks
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Particle level

● Constructed from the collection of stable particles 
from full matrix-element plus parton-shower 
generators, including top-quark decay and final-state 
radiation effects (QCD+EWK FSR effects). 

○ Particles produced from interactions with the detector components 
or from pile-up of additional pp collisions are not considered

● Dressed leptons: Momenta of nearby photons, 
within a ΔR= 0.1 cone, are added to the lepton

● Jets: define with anti-kt algorithm. Loop over all 
stable particles excluding the electrons, muons, 
neutrinos, and photons used in the definition of the 
selected leptons. 

● b-jets: A jet is a b-jet if any rescaled B-hadron is 
included. A rescaled B-hadron is treated as a stable 
B-hadron for which the 4-momentum is scaled down 
to infinitesimal value and added to the list of 
particles. Only B-hadrons with an initial pT > 5 GeV 
are considered.

Why? Avoid large dependence from simulations 



Monte Carlo simulations

Fundamental for most measurements…

- Estimate background processes
- Correct the data (after detector 

reconstruction) to parton/particle 
level

- Assign uncertainties related to the 
model/simulations used (PDFs, 
renormalisation/factorisation scales)

- Compare with the results → tune 
the simulations
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 Most used MC: Madgraph_aMCatnlo or Powheg +Pythia/Herwig, Sherpa
        Typically NLO+PS
        Many assumptions to estimate uncertainties
        

+ detector simulation!



A glimpse on Monte Carlo simulations 
(Matrix element + parton shower)

● tt: Powheg + Pythia or Herwig, NLO (now also NNLO+PS)
○ Parton distribution function: NNPDF3.0 NLO
○ renormalization and factorization scale: √ 𝑚2 + 𝑝2T
○ mt = 172.5 GeV, value of αS(mZ) = 0.118.
○ width of the top quark is set to the SM expectation of 1.31 GeV, and 
○ top quark decays simulated at leading-order precision
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More on K. Voss’ talk!

All this info is needed to properly compare 
MCs and results!

Parton shower tunes!



A glimpse on Monte Carlo simulations 
(Matrix element + parton shower)

● tt+X: MadGraph5_aMC@NLO + parton shower, Sherpa
○ Typically include higher order effects both in QCD and electroweak EW using  

NLO inclusive and multileg merged setups
■ NNLO MCs not expected soon…

○ BUT top quark + photon processes not even available at NLO!
■ Only tty 2->3 can be generated at NLO (e.g. tty with a photon coming 

from the ttbar decay products can only be simulated at LO!)
■ Additional complications: photon definition - minimal pt and isolation 

requirements to avoid divergences

● Systematic uncertainties:  Signal & background modeling
○ MC generators (MC@NLO, Powheg, MadGraph, ...)
○ hadronization (Pythia/Herwig)
○ Initial and final state radiation
○ PDFs (PDF4LHC recommendations: 

https://arxiv.org/pdf/1510.03865.pdf)
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More on K. Voss’ talk!

https://arxiv.org/pdf/1510.03865.pdf


Preserving measurements
… so that you can compare your future models to our 
results or use the results in your fits
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Preserving measurements
… making life easier with ready-to-use code
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