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NLO SIMULATIONS
• The NLO run mode is turned on with ‘[QCD]’ in generation 

syntax.

> generate p p > e+ e- [QCD]

• While the LO mode will always compute the cross section 
and generate events, this is not always the case for NLO runs

• The NLO code can be run in two different ways:

Fixed-order (fNLO): no events will be generated. 
Compute cross sections (within cuts) and 
generate histograms on the fly.
NLO+PS: generate the unweighted event sample 
(up to a sign difference) and matched to parton 
shower via MC@NLO matching.
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EXERCISES: TOP QUARK PAIR
• Learn the syntax by typing “tutorial aMCatNLO”

• Generate the top quark pair production at NLO.

./bin/mg5_aMC 
> generate p p > t t~ [QCD] 
> output MyNLOExample 
> launch

• Check the run_card.dat. Note that it is different with that 
in LO mode.

• Compute both the LO and NLO cross sections at f(N)LO 
level.

• Choose the existing analysis file analysis_HwU_pp_ttx.o and 
specify it in FO_analyse_card.dat.

• Understand the histograms you get.
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EXERCISES SOLUTION: FNLO

• Turn on f(N)LO (shower turned off automatically)

Switch on fixed_order

• Edit run_card.dat

Decide the targeted accuracy for fixed-order calculations
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EXERCISES SOLUTION: FNLO

• Edit FO_analyse_card.dat
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EXERCISES SOLUTION: FNLO

• Total cross section
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EXERCISES SOLUTION: FNLO

• Total cross section

Central value
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EXERCISES SOLUTION: FNLO

• Total cross section

Numerical integration error
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EXERCISES SOLUTION: FNLO

• Total cross section

Renormalisation/factorisation scale uncertainty
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EXERCISES SOLUTION: FNLO

• Differential distributions
• Check the MyNLOExample/FixedOrderAnalysis/analysis_HwU_pp_ttx.f
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EXERCISES SOLUTION: FNLO

• Differential distributions
• Check the MyNLOExample/FixedOrderAnalysis/analysis_HwU_pp_ttx.f

Effectively LO at non-zero bins
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EXERCISES SOLUTION: FNLO

• The raw data of histograms

• Histogram With Uncertainty (HwU)
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TAKE HOME EXERCISES: FNLO
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EXERCISES: NLO+PS
• Generate NLO event sample showered by Pythia8

• Warning: the NLO LHE sample should be regenerated if one changes the shower 
program 

• In default, HepMC file will be generated.

• Use MadAnalysis5 to read them and to make plots
• Next tutorial !

• Remember to install boost via ‘install boost’

• Instead of generating HepMC files, try to generate 
histograms directory.

• Use the existing analysis file py8an_HwU_pp_ttx.o and put it in shower_card.dat

• Hint: you can shower an existing run with ./bin/shower run_XX
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EXERCISES SOLUTION: NLO+PS

• Turn on NLO+PS with PS=Pythia8

Specify shower = Pythia8

• Edit run_card.dat Change the number of events
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EXERCISES SOLUTION: NLO+PS

• Edit shower_card.dat

Make sure all library paths there !Libraries required !
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EXERCISES SOLUTION: NLO+PS

• Result: HepMC file

• In order to generate the histograms instead of HepMC files

• Edit shower_card.dat
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EXERCISES SOLUTION: NLO+PS

• Result: histograms
• Check the MyNLOExample/MCatNLO/PY8Analyzer/py8an_HwU_pp_ttx.f
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EXERCISES SOLUTION: NLO+PS

• Result: LHE file (need correct shower to be physical)
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TAKE HOME EXERCISES: NLO EW

• NLO EW can be generated with fNLO only at the moment.

• Add ‘[QCD QED]’ or ‘[QED]’ in the generation syntax.


