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Generation qorkflow at a glance
• Not too many differences for EFT event generation compared to the “standard” 

CMS workflow 
• BUT: we definitely want to add EFT information: weights and coefficents 

• Starting from a MG gridpack (see next slides): 
/eos/uscms/store/user/dspitzba/TT01j_tutorial_slc7_amd64_gcc700_CMSSW_10_6_19_tarball.tar.xz 

• cmsDriver commands for full example chain can be found on PdmV twikis: e.g. 
UL18 

• Interest of time: Go to NanoGEN directly, but all instructions work just as well for a 
“full” NanoAOD configuration 
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GP GEN+SIM+DIGI (HLT) Reco+mAOD NanoAOD

NanoGen

O(h) O(1event/min) ~5 ev/min O(100) ev/min

fast!

slow step!

https://twiki.cern.ch/twiki/bin/view/CMS/PdmVLegacy2018Analysis
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Telling madgraph what to do
• We want to generate a “gridpack” containing all the information about our 

favorite process 
• A gridpack contains all executable Madgraph_aMC@NLO code necessary for 

event generation 
• To generate this gridpack we need a set of files or cards: 

• The physics model, provided as UFO (Universal FeynRules Output) 
• Proc card: specifies the process definition 
• Run card: specifies the run parameters 
• Reweight card: specifies each of the new physics scenarios that will be 

probed 
• Some more cards can be added like the restrict card or customize card
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https://feynrules.irmp.ucl.ac.be
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Process card
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Define particles:

all particles defined in line 3 will be considered as initial state particles


Define the process


Model specific flags are added

Generates a folder with all the code needed

Process card



LPC EFT Workshop @ Notre Dame April 22, 2024

Run card
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Minimum pt of objects is defined 

maxjetflavor sets the flavor scheme

xqcut is the matching parameter 

Run card
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Reweight card
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Reweight card

All possible new physics scenarios are explored and 
weights are calculated corresponding to each scenario
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Generating a gridpack
• Follow instructions on github repository 
• Commands have been tested on the LPC cluster (cmslpc-el8) and CERN 

lxplus (lxplus8) 
• You might need to run some parts in the right singularity containers → be 

careful 
• We use central CMS tools (genproductions) that are complemented with not-

yet-central EFT specific tools (EFTfit) 
• Syntax and naming should be followed with care!
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Creating an EFT NanoGEN sample
• Reminder: produced gridpack with multiple points in EFT parameter space 
• Gridpack + Pythia fragment + cmsDriver commands → CMS sample 
• How to keep the weights + coordinates in EFT space? 

• Keep the weights + names: use NamedWeights in NanoAOD / NanoGEN 
• Use code that extracts the polynomial coefficients 

• For keeping weights we need to know the name which is set in the 
reweight_card, suffix depends on the reweighting method employed (“change 
mode …”). Add weights to the NanoGEN configuration 

• Using EFTGenReader package to extract coefficients, expects a certain naming 
scheme: “EFTrwgtN_{coeff}_{value}_…”
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https://github.com/FNALLPC/cmseft2023/blob/main/generation/fragments/pythia_fragment.py
https://github.com/FNALLPC/cmseft2023/tree/main#generating-nanogen-files
https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/Reweight
https://github.com/TopEFT/EFTGenReader
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Interlude: obtaining qcut values
• Important topic for any sample with additional partons at ME level, e.g. W+jets, tt+jets, … 
• Have to ensure that transition between ME (MadGraph) and PS (pythia) is smooth 

• Differential jet rate (DJR) distribution is a good measure for that 
• DJR corresponds to the kT separation for a given jet multiplicity 

• Example: For 2 jets with ΔkT =20 GeV we get DJR(1→2)=20 GeV
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qCut=10 GeV qCut=30 GeV

no cutoffno cutoff

no cutoff
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Bad qCut choices
• General rule of thumb: Don’t go too high in qCut, otherwise you’ll mainly 

keep events from the parton shower 
• Then what’s the point of adding extra partons in the ME 
• Can also become very inefficient
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W+jets, qCut=10 GeV
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Validating a sample
• Weights and coefficient distributions 

• Are there big tails in the distributions of weights? 
• Comparing with a fixed-point sample 

• Do we actually reproduce distributions with reasonable precision? 
• Create a gridpack + sample at some interesting point in EFT space, using 

the customize card

11
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BACKUP

12



LPC EFT Workshop @ Notre Dame April 22, 2024

Event generation in a nutshell
• Samples of simulated events are essential in high energy physics 
• Processes at vastly different energy regimes are involved → from hard 

scattering to parton showering 
• Luckily, this factorizes!
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5 Search for anomalous top-Z couplings

g t

g t̄

Z

Figure 5.1: Z boson production in association with a top quark/antiquark pair. The red dot indicates
the potentially modified vertex of the top quark to the Z boson.
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However, not only the inclusive cross section is altered, but also the kinematic spectra of the
ttZ decay products. Therefore, differential cross section data from this process can be used to
separate BSM from the SM.
Past results on inclusive cross sections of the ttZ process at 8 and 13 TeV from the ATLAS and
CMS collaborations were statistically limited because of the high production thresholds and
either did not consider BSM hypotheses at all [171,172], or only used inclusive cross section
measurements, resulting in feeble limits [173,174]. Differential cross section measurements of
the ttZ process have not been attempted so far.
Final states of the ttZ process contain up to four charged leptons. Backgrounds from QCD
multijet production, single vector boson production, usually referred to as W+jets and DY
processes, as well as top quark pair production (tt) dominate over ttZ in final states with up
to two charged leptons. Requiring one pair of light same flavor opposite charge leptons with
an invariant mass close to the Z boson mass, up to two additional charged leptons and at
least one jet originating from b quarks results in a very pure sample of ttZ events. In leptonic
final states, the Z boson can be reconstructed with high resolution, hence, its properties are
the main probe for BSM effects. Modifications of the top quark momentum and angular
distributions are small and easily washed out by experimental resolutions and reconstruction
ambiguities. The transverse momentum spectrum of the Z boson, pT(Z), is highly dependent
on the coupling values and can be used to set constraints on BSM effects. Additionally, the
polarization of Z boson is sensitive to new physics and carries additional information about
the nature of the top-Z couplings. The polarization can be parametrized by cos ✓⇤, which is
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Hard scatter

Example diagram of LO tt+Z 
production. Perturbative, 
MC integration of Matrix  
Element

Event generation

Detector simulation

GEANT 4 (“FullSim”), 
Fast Simulation, 
Delphes

Underlying ideas QCD at Fixed Order QCD to All Orders

Hadrons in the final state

Summary

F. Krauss IPPP

QCD & Monte Carlo Event Generators

= underlying event 
+ parton showering 
+ hadronization 
+ hadron decays 
mostly non-perturbative
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Jet Matching
• So far, every jet in the example comes from the parton shower code (Pythia8) 
• MadGraph works well in perturbative (hard / large momentum) regime, Pythia 

in soft regime  
• Can generate the full ME for W + N jets and combine the best of both worlds 

• Problem: Double counting!
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Johan Alwall - Jet Matching at Hadron Colliders 6

Why jet matching?

Double-counting between multiplicity samples

1-parton sample 
(no hard PS 

radiation)

1-parton sample 
+ hard PS 
radiation

2-parton 
sample

(no hard PS 
radiation) 
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Jet Matching
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W + jets example
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Process card
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W + jets example
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Turn on MLM matching:

Cut value below which MG does not produce anything:

Propagate xqcut threshold to ptj and mjj cuts → mostly for efficiency 
(can be a matter of life and death for complicated processes)

Run card
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Results
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LHE-level XS about a factor 2 larger than without jets! 
Don’t be fooled, this is mostly double counting 

(i.e. you don’t just get to add jets to your signal to “increase cross-section”)

Matching fixes this:



LPC EFT Workshop @ Notre Dame April 22, 2024

Jet matching performance
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QCUT = 10 GeV
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QCUT = 15 GeV
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QCUT = 20 GeV

22



LPC EFT Workshop @ Notre Dame April 22, 2024

QCUT = 25 GeV
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QCUT = 30 GeV
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QCUT = 50 GeV
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