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Event generations
[1903.01400]
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Lagrangian (TH) ⇔ Data (EXP)

simulation tools

predictioninterpretationso easy, so powerful!
= so dangerous…

Let’s learn its proper usage!
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BSM workflow (I) before LHC
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Herwig, Pythia

• take a BSM model (symmetry, particle contents,…), i.e. Lagrangian

• derive the Feynman rules

• draw Feynman diagrams for interesting 2→2 processes 

• compute the amplitude (squared)

• implement it into a generator manually

• generate events

• parton-shower/hadronisation

• detector simulation

• analysis
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BSM workflow (II) before LHC

MadGraph4

6

Herwig, Pythia

• take a BSM model (symmetry, particle contents,…), i.e. Lagrangian

• derive the Feynman rules

• make the model file (make subroutines to compute helicity amplitudes) 

• draw Feynman diagrams for interesting any processes

• compute the amplitude (squared)

• generate events

• parton-shower/hadronisation

• detector simulation

• analysis
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large extra dimension model
“ADD model”
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[arXiv:0805.2554]
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[arXiv:0801.1794]
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[arXiv:1306.6464]
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[arXiv:1503.05678]
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[arXiv:1701.07008]
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BSM workflow after LHC

22

Model providers

Shower MC

Detector simulation tools

Analysis tools

Matrix-element generators

• take a BSM model (symmetry, particle contents,…), i.e. Lagrangian

• derive the Feynman rules

• draw Feynman diagrams for interesting any processes

• compute the amplitude (squared)

• generate events

• parton-shower/hadronisation

• detector simulation

• analysis

DM physics tool
DM annihilation
  (relic, indirect detection)
DM-N cross section
  (direct detection)
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BSM workflow after LHC

23

FeynRules

Pythia8

Delphes

MadAnalsysi5

MadGraph5_aMC@NLO

MadDM
MicrOMEGAs

• take a BSM model (symmetry, particle contents,…), i.e. Lagrangian

• derive the Feynman rules

• draw Feynman diagrams for interesting any processes

• compute the amplitude (squared)

• generate events

• parton-shower/hadronisation

• detector simulation

• analysis
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BSM workflow after LHC

24

• take a BSM model (symmetry, particle contents,…), i.e. Lagrangian

• derive the Feynman rules

• draw Feynman diagrams for interesting any processes

• compute the amplitude (squared)

• generate events

• parton-shower/hadronisation

• detector simulation

• analysis

FeynRules+NLOCT

Pythia8

Delphes

MadAnalsysi5

MadGraph5_aMC@NLO

at NLO

MadDM
MicrOMEGAs
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Monte Carlo generator representation

25

sharpa

proton 
(QCD; non-perturbative)

initial-state parton shower 
(QCD; perturbative)

hard scattering 
((B)SM; perturbative)

final-state parton shower 
(QCD; perturbative)

hadronization 
(QCD; non-perturbative)

underlying event 
(QCD; non-perturbative)
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FeynRules in a nutshell

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

‣ a mathematica package that allows to

• calculate Feynman rules for any QFT models, i.e. Lagrangians

• output them to various event generators (CalcHEP, FeynArts, 
MG5aMC, Sherpa, Whizard) 
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Alloul, Christensen, Degrande, Duhr, Fuks [1310.1921, CPC]
Degrande [1406.3030, CPC]

* Universal FeynRules Output 
Degrande et al. [1108.2040, CPC]

https://feynrules.irmp.ucl.ac.be
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Alloul, Christensen, Degrande, Duhr, Fuks [1310.1921] 

http://arxiv.org/abs/1310.1921
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BSM models in the FeynRules model database

28
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To download models in the FR repository: 
MG5_aMC> display modellist
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the SM (but at the tree level)

MadGraph5_aMC@NLO



                             Kentarou Mawatari (Iwate U.) ICS2025 Tutorial - Appi - 2025.2.25 31



                             Kentarou Mawatari (Iwate U.) ICS2025 Tutorial - Appi - 2025.2.25 32

One can directly communicate 
with the developers via Launchpad
(ask questions, report bugs, etc).
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Conte, Fuks, Serret [1206.1599] 
Conte, Dumont, Fuks, Wymant [1405.3982] 

Dumont, Fuks, Kraml, Bein, Chalons, Conte, Kulkarni, Sengupta, Wymant [1407.3278] 
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MadDM1: Backovic, Kong, McCaskey [1308.4955] 
MadDM2: Backovic, Kong, Martini, Mattelaer, Mohlabeng [1505.04190]
MadDM3: Ambrogi, Arina, Backovic, Heisig, Maltoni, Mantani, Mattelaer, Mohlabeng [1804.00044] 

MadDM v1

MadDM v2

MadDM v3

http://arxiv.org/abs/1308.4955
http://arxiv.org/abs/1505.04190

