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QCD tool tutorial
- in the context of DM searches -

Kentarou Mawatari     
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disclaimer (Who am I?) 
•  I’m not a real QCD person, but a (BSM) pheno person…
•  I’m a heavy user of MG5aMC, but not a real developer…

켄타로  마와타리
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[1903.01400]
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DM (or MET) searches at LHC Run-I
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Top-down approach

Bottom-up approach

EFT : SM + DM particles

SM

SM

DM

DM

{L;mDM,m1,m2, · · · , g1, g2, · · · }

{L;mDM,M⇤} L =
1

M2
⇤
�̄�µ� q̄�µq

UV model : SUSY, ExtraDim, …
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DM (or MET) searches at LHC Run-II
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Top-down approach

Bottom-up approach

EFT : SM + DM particles

SM

SM

DM

DM

{L;mDM,m1,m2, · · · , g1, g2, · · · }

{L;mDM,M⇤} L =
1

M2
⇤
�̄�µ� q̄�µq

Simplified model : SM + DM + Mediator particles

UV model : SUSY, ExtraDim, …

{L;mDM,mmed, gDM, gq} L = gDMZ 0
µ�̄�

µ�+ gqZ
0
µq̄�

µq

LHC DMWG [1603.04156, 1703.05703]
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Signatures of simplified DM models

 6

missing-energy search

direct detection
relic density

indirect detection

mediator search

LHC DMWG [1603.04156, 1703.05703]
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Event generations
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Lagrangian (TH) ⇔ Data (EXP)
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simulation tools

predictioninterpretation
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Beyond-Standard-Model workflow in the LHC era
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Model providers

Shower MC

Detector simulation tools

Analysis tools

Matrix-element generators

DM physics tool
DM annihilation
  (relic, indirect detection)
DM-N cross section
  (direct detection)

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

• derive the Feynman rules

• draw Feynman diagrams for any interesting processes

• compute the amplitude (squared)

• generate events

• parton-shower/hadronisation

• detector simulation

• analysis
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Beyond-Standard-Model workflow in the LHC era
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FeynRules

Pythia8

Delphes

MadAnalsysi5

MadGraph5_aMC@NLO

MadDM

at NLO

+NLOCT

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

• derive the Feynman rules

• draw Feynman diagrams for any interesting processes

• compute the amplitude (squared)

• generate events

• parton-shower/hadronisation

• detector simulation

• analysis
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DMsimp: Simplified DM model files
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FeynRules

MG5aMCMadDM
micrOMEGAs

http://feynrules.irmp.ucl.ac.be/wiki/DMsimp
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1-min MadGraph5_aMC@NLO tutorial

./bin/mg5_aMC 
>import model DMsimp_s_spin1 
>generate p p > xd xd~ j [QCD] 
>output   
>launch

☜ Start the MG5_aMC shell
☜ Import the model
☜ Generate the process
☜  Write the code (including html)
☜ Generate the LO/NLO events 
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run_card.datparam_card.dat
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Cross sections for mono-j at LHC13
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NLO corrections 
• strongly depends on the mass 
spectrum and the kinematical cuts.
• sizeably reduces of the scale and 
PDF uncertainties.

scale (renormalization and
factrorization) uncertainty

PDF uncertainty

DMsimp(spin-0,1): Backovic, Kramer, Maltoni, Martini, KM, Pellen [1508.05327, EPJC]
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DM production at NLO+PS
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DMsimp(spin-0,1): Backovic, Kramer, Maltoni, Martini, KM, Pellen [1508.05327, EPJC]

NLO corrections affect not only the total rate, but also the shape of the distributions.  
➡ should go beyond the simple scaling by a constant K factor.
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Lagrangian (TH) ⇔ Data (EXP)
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simulation tools

predictioninterpretationso easy, so powerful!
= so dangerous…

Let’s learn its proper usage!
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Back-up 
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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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BSM models in the FeynRules model database
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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

