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Reference

q Generator (!"#$%CMS&'()
https://indico.ihep.ac.cn/event/15418/timetable/?view=standard#10-
generator-basics-hands-on
https://indico.ihep.ac.cn/event/15418/timetable/?view=standard#14-
generatorsimulation-hands-o

q Tutorials on EFT tools
(The 2021 EFT School on Collider Phenomenology)

https://indico.ihep.ac.cn/event/13633/timetable/?view=standard_inline_minut
es#16-tutorials-on-eft-tools

q iSTEP 2019
https://indico.ihep.ac.cn/event/9898/timetable/?view=standard#7-phd
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https://indico.ihep.ac.cn/event/15418/timetable/?view=standard
https://indico.ihep.ac.cn/event/15418/timetable/?view=standard
https://indico.ihep.ac.cn/event/13633/timetable/?view=standard_inline_minutes
https://indico.ihep.ac.cn/event/9898/timetable/?view=standard


Why generators
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Bridge between theory and data :
generate events based on Monte Carlo (MC) method
q study behavior of new physics processes (undiscovered in data)
q data/MC simulation comparison on (well)-known processes :

performance checking/detector calibration/background estimation
q experiment/analysis design, feasibility and performance prediction

https://indico.ihep.ac.cn/event/9898/contributions/113046/attachments/60681/69986/MC_methods.pdf


22.08.23 4

Physics from particle collisions
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Proton-(anti)Proton collisions

Hard scattering
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Parton shower

Proton-(anti)Proton collisions
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Proton-(anti)Proton collisions

Hadronization
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Underlying event

Proton-(anti)Proton collisions
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Proton-(anti)Proton collisions
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Proton-(anti)Proton collisions

simulation : GEANT 
digitization, reconstruction 

Delphes
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Madgraph: Hands-on

generate process ⇒ output ⇒ launch 
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generate process ⇒ output ⇒ launch 

qdisplay particles, display multiparticles

qdefine multi-particles: e.g., define lep+ = e+ mu+ ta+ 
qdisplay diagrams

qadd process

qoutput NAME_OF_OUTPUT

qexit

Madgraph: Hands-on
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generate process ⇒ output ⇒ launch 

qCards
q proc_card_mg5.dat: 

commands used to generate process folder 
q run_card.dat: 

set up run parameters
q param_card.dat: 

model input parameters
q pythia8_card.dat: 

parton shower settings

qbin: python executable to generate events

Madgraph: Hands-on
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generate process ⇒ output ⇒ launch

Madgraph: Hands-on

qbin: python executable to generate events

q ./bin/mg5_aMC then launch NAME_OF_OUTPUT
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generate process ⇒ output ⇒ launch

qbin: python executable to generate events

q ./bin/mg5_aMC then launch NAME_OF_OUTPUT

Madgraph: Hands-on
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Madgraph: LHE output (matrix element)

status: -1 incoming, 2 intermediate, 1 final state particle 
4-vector (px, py, pz, energy) and mass 
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Madgraph: pythia output HEPMC

Pythia.org

HEPMC data are huge!
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Pythia : matrix element and parton shower 

Pythia.org

q Pythia itself is also a generator
q Pythia does the parton shower 

and hadronization 
q Pythia provides "match" between 

matrix element and parton shower
algorithm: MLM (LO) FxFx (NLO)
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Pythia : matrix element and parton shower 

https://pythia.org/latest-manual/JetMatching.html

https://pythia.org/latest-manual/JetMatching.html


22.08.23 20

Pythia : matrix element and parton shower 

https://pythia.org/latest-manual/JetMatching.html

Pythia configuration used in
CMS MC event generation

https://pythia.org/latest-manual/JetMatching.html
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Madgraph: model

qDefault model is sm (standard model)
qCan import other models

qcan include new particles, new interactions
qUniversal FeynRules Output (UFO) model (just a python module)

MG5_aMC> import model SMEFTsim_topU3l_MwScheme_UFO 

q Automatically downloaded from FeynRules database 
https://feynrules.irmp.ucl.ac.be

q Feynrules：input Mathematica formula to output UFO model

https://feynrules.irmp.ucl.ac.be/
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Madgraph: model

coupling order.py
e.g.,
generate p p > lep+ lep- QCD=0 QED=2 

restrict_XYZ.dat: restriction card
parameters fixed or =0 to simplify model
e.g., import model loop_sm-no_b_mass



22.08.23 23

Hands-on: additional slide

q Madgraph can generate NLO events
generate p p > lep+ lep- QCD=0 QED=2 [QCD]] 

q Can exclude a particle from a process
e.g.,
1. p p > e+ e- (all contributions)
2. p p > z, z > e+ e- (z is on-shell)
3. p p > z > e+ e- (z is on-shell or off-shell)
4. p p > e+ e- $z (forbids s-channel z to be on-shell) 
5. p p > e+ e- /z (forbids any z) 

Excercises：
1. Compare Feynman diagram between LO and NLO DY
2. Compare 1-5 diagrams DY processes
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Hands-on: homework
Consider standard model Higgs with mass at 125GeV

q Calculate Higgs production cross sections in pp collision
at different collision energy (7TeV 8TeV 14TeV etc..)

q Calculate Higgs decay width and branch ratio
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Hands-on: homework
Results from Higgs cross section working group

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections

Figures : link

Tables : cross section link
decay width / branching ratio link

Hint :
- Does model standard model have gluon gluon Higgs vertex?

If not, you may consider using model heft
- Can 125GeV Higgs decay to two Z or two W bosons in Madgraph?

(Z mass is about 91GeV, W mass is about 80GeV)
Anything you can do about it to get the branch ratio of HZZ/HWW decay?

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWGCrossSectionsFigures?redirectedfrom=LHCPhysics.LHCHXSWGCrossSectionsFigures
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageAt8TeV2014
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageBR2014
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Links might useful
Madgraph syntax

https://www.niu.edu/spmartin/madgraph/madsyntax.html

Problem of install MG on mac

https://blog.csdn.net/Veronica_gogo/article/details/125373332

Problem of install Delphese on mac
https://cp3.irmp.ucl.ac.be/projects/delphes/ticket/1579

https://www.niu.edu/spmartin/madgraph/madsyntax.html
https://blog.csdn.net/Veronica_gogo/article/details/125373332
https://cp3.irmp.ucl.ac.be/projects/delphes/ticket/1579

