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Dark matter study
from Lagrangian to data

in the FeynRules/MadGraph5_aMC@NLO framework

Kentarou Mawatari

Contents 
1. LHC dark matter working group (LHC DM WG)
2. Simulation chain: From Lagrangian to data
3. Precise prediction

Backovic, Kramer, Maltoni, Martini, Mawatari, Pellen [1508.05327]
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http://arxiv.org/abs/1508.05327
http://arxiv.org/abs/1508.05327
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by M. Mangano
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Mono-X DM searches at LHC Run-I

• employed contact interaction operators 
in EFTs (effective field theories).

•

The signal is determined by the 
Lorentz structure, the DM mass, and 
the overall coupling (or the cutoff 
scale). 

Easy interpretation to non-collider 
DM searches

EFT validation; M★ ≦ (LHC 

accessible energy)
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Mono-X DM searches at LHC Run-I

• employed contact interaction operators 
in EFTs (effective field theories).

•

The signal is determined by the 
Lorentz structure, the DM mass, and 
the overall coupling (or the cutoff 
scale). 

Easy interpretation to non-collider 
DM searches

EFT validation; M★ ≦ (LHC 

accessible energy)

ATLAS 1502.01518
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Mono-X DM searches at LHC Run-II

• is employing simplified DM 
models.

•

The signal is determined by the 
mediator type, the DM and 
mediator masses, and the two 
couplings. 

Richer phenomenology

Interpretations to non-collider 
DM searches are complicated.

LHC DM WG 1507.00966

s-channel mediator

t-channel mediator
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Mono-X DM searches at LHC Run-II

• is employing simplified DM 
models.

•

The signal is determined by the 
mediator type, the DM and 
mediator masses, and the two 
couplings. 

Richer phenomenology

Interpretations to non-collider 
DM searches are complicated.

CMS PAS EXO-15-003
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DM searches at the LHC and (in)direct experiments
CMS PAS EXO-12-055

How can we test our own DM models?
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How can we test our own DM models?

mono-X search

direct detection

relic density
indirect detection

mediator search

We need some simulation tools... 
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Simulation chain: from Lagrangian to data

model provider
(FeynRules/...)

event generator
(MadGraph5_aMC@NLO/Pythia/Herwig/...)

detector simulation
(Delphes/...)

analysis
(MadAnalysis5/CheckMate/...)

model files

hadron-level events

reco-level events

DM tools
(MadDM/micrOMEGAs/...)
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Alloul, Christensen, Degrande, Duhr, Fuks [1310.1921]!

http://arxiv.org/abs/1310.1921
http://arxiv.org/abs/1310.1921
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Alwall, Frederix, Frixione, Hirschi, Maltoni, Mattelaer, Shao, Stelzer, Torrielli, Zaro [1405.0301]!

http://arxiv.org/abs/1405.0301
http://arxiv.org/abs/1405.0301
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Backovic, Kong, McCaskey, Martini, Mattelaer, Mohlabeng [1308.4955, 1505.04190]!

http://arxiv.org/abs/1308.4955
http://arxiv.org/abs/1308.4955
http://arxiv.org/abs/1505.04190
http://arxiv.org/abs/1505.04190
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Simulation chain: from Lagrangian to data

model provider
(FeynRules/...)

event generator
(MadGraph5_aMC@NLO/Pythia/Herwig/...)

detector simulation
(Delphes/...)

analysis
(MadAnalysis5/CheckMate/...)

model files

hadron-level events

reco-level events

DM tools
(MadDM/micrOMEGAs/...)
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DMsimp collaboration

FeynRules/NLOCT - MG5aMC/MadDM - MadAnalysis
DM simplified model

C. Degrande (Durham)
K. Mawatari (VU Brussel/LPSC Grenoble), C. Zhang (BNL)

MadDM
C. Arina, M. Backovic, A. Martini (UC Louvain)

j+MET: spin-1 mediator
F. Maltoni, A. Martini (UC Louvain)

tt+MET: spin-0 mediator
M. Kraemer, M. Pellen (Aachen)

loop-induced
O. Mattelaer (Durham), E. Vryonidou (UC Louvain)

W/Z/H+MET
M. Neubert, J. Wang (Mainz)

Analysis
B. Fuks (Paris)
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‣ “DM production through loop-induced processes at the LHC”
       Mattelaer,  Vryonidou [1508.00564]
‣ “Higher-order QCD predictions for DM production at the LHC in simplified models”
       Backovic, Kramer, Maltoni, Martini, Mawatari, Pellen [1508.05327]
‣ “Higher-order QCD predictions for DM production in mono-Z searches at the LHC”
       Neubert, Wang, Zhang [1509.05785]
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DM simplified models

• to provide a public framework to perform AAA (Automatic, 
Accurate and A...) simulations for DM production (similar to 
Higgs Characterisation (HC)).

• equally useful for theorists (it can be systematically improved, 
changed easily) and experimentalists (event generation easily).
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DM simplified FR models

Dark matter (X):
 real scalar
 complex scalar
 Dirac spinor
 ...

Mediator (Y):
 spin-0
 spin-1
 spin-2
 ...
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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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Total cross sections for mono-j at LHC13
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NLO corrections 
• strongly depends on the mass 
spectrum and the kinematical cuts.
• sizably reduces of the scale and PDF 
uncertainties.

scale (renormalization and
factrorization) uncertainty

PDF uncertainty
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MET distributions for mono-j at LHC13
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pT(j2) distributions for mono-j at LHC13
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Summary

• In this talk we introduced

‣ LHC dark matter working group

‣ simulation chains from Lagrangian to data at the LHC as well 
as at non-collider experiments.

• We provide a public framework to perform AAA simulations for 
DM production in simplified models.

‣ Higher-order corrections have a significant effect both on the 
overall production rate as well as on the shape of relevant 
differential distributions, with a sizable reduction of the 
theoretical uncertainties.
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