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ATLAS 13TeV search for simplified DM models
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ATLAS 13TeV search for simplified DM models

see also F. Kahlhoefer’s talk 

LHC DM WG [1507.00966, 1603.04156]
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DM searches at LHC Run-2

• Simplified DM models (s-channel):

- spin-1 mediator  
 
 

- spin-0 mediator  
 
 

• The signal is determined by

- the mediator type (V,  A, S, P)

- the DM and mediator masses

- the two couplings
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LHC DM WG [1507.00966, 1603.04156]

spin-1 mediator

spin-0 mediator

👉 Top-philic DM models
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A comprehensive approach to DM studies: simplified top-philic models
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Arina🔔
Backovic🔔
Heisig#

Conte, Fuks, Guo$
Martini, Vryonidou🔔

Hespel🔔
Pellen#

Mawatari$

Kraemer#
Maltoni🔔

[1605.09242]
51 pages, 23 figs, 8 tables

X=DM
Y=mediator
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MC tools for Run-2 DM searches
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LHC DM WG [1507.00966]
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BSM models in the FeynRules model database
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Simplified DM model files
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FeynRules

MG5aMCMadDM
micrOMEGAs

Pythia

Delphes

MadAnalysis5
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8TeV constraints for top-philic DM
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★27-email exchanges (03/12/2015-19/02/2016)

• UFO model file 

• custom MG5 with proc/param/run_cards

• pythia tuning 

• Root files for distributions

• Cutflow for the signal benchmark

10
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MET + a top-quark pair (NLO)

11

NLO 
predictions
reduce the 
theoretical
uncertainty.

./bin/mg5_aMC 
>import model DMsimp_s_spin0 
>generate p p > t t~ xd xd~ [QCD] 
>output   
>launch
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★51-email exchanges 
(Jul-Nov/2015)
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Mono-jet (LO loop-induced)

14

Complementarity between 
the different searches.

./bin/mg5_aMC 
>import model DMsimp_s_spin0 
>generate p p > j xd xd~ [QCD] 
>output   
>launch
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Mono-Z/h (LO loop-induced)
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The dedicated recasting is needed.

⇨  gt<2 for mY<200GeV
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Resonance search constraints

16

Extension of the 
search range is 
desirable.
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Relic vs. DD vs. LHC

17
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Lessons from 1605.09242

• The systematic simulation framework have been developed not 
only for LHC but also for non-collider experiments.

• Proper recasting still takes time.

• NLO predictions not only provide reliable rate but also reduce 
the theoretical uncertainty. 

• In the DM context, not only mono-j but also mono-γ/Z/h are 
important.

• A single model can be constrained by many different LHC 
searches (and also by non-collider searches).

• Management of a ‘big’ collaboration is very difficult… 

18
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backup 

19
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Simplified s-channel models of DM
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Dark matter (X):
 real scalar
 complex scalar
 Dirac spinor

Mediator (Y):
 spin-0
 spin-1
 spin-2 (to be done)

spin-1 mediatorspin-0 mediator

‣ “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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3-min MadGraph5_aMC@NLO tutorial

21

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

☜ Start the MG5aMC shell
☜ Import the model
☜ Generate the process at NLO
☜  Write the code (including html)
☜ Generate the LO/NLO events 

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.
• sizeably reduces of the scale and 
PDF uncertainties.

scale (renormalization and
factrorization) uncertainty

PDF uncertainty
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Total cross sections for mono-j at LHC13
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* the axial-vector mediator case
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MET distributions for mono-j at LHC13
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pT(j1) distributions for mono-j at LHC13
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We cannot apply for a constant K factor.
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Total cross sections for tt+MET at LHC13
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m(tt) distributions for tt+MET at LHC13
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Loop-induced mono-j at LHC13
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