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ABSTRACT: We investigate a scenario that the top quark is the only window to the dark
matter particle. We use the effective Lagrangian approach to write down the interaction
between the top quark and the dark matter particle. Requiring the dark matter satisfying
the relic density we obtain the size of the effective interaction. We show that the scenario
can be made consistent with the direct and indirect detection experiments by adjusting the
size of the effective coupling. Finally, we calculate the production cross section for tf + yy
at the Large Hadron Collider (LHC), which will give rise to an interesting signature of a
top-pair plus large missing energy.
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e Simplified DM models (s-channel):
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Abstract. We consider simplified dark matter models where a dark matter candidate couples to the stan-
dard model (SM) particles via an s-channel spin-2 mediator, and study constraints on the model parameter
space from the current LHC data. Our focus lies on the complementarity among different searches, in par-
ticular monojet and multijet plus missing energy searches and resonance searches. For universal couplings
of the mediatga=to SM particles, missing-energy searches can give stronger constraints than WW, ZZ,
dijet, dihig5 resonance searches in the low-mass region and/or when the coupling of the media-
tor to dark matfer is much larger than its couplings to SM particles. The strongest constraints however
come from diphoton and dilepton resonance searches. Only if these modes are suppressed, missing-energy
searches can be competitive in constraining dark matter models with a spin-2 mediator.
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FeynRules model database

This page contains a collection of models that are already implemented in FeynRules. For each model, a complete model-file is available,
containing all the information that is needed, as well as the Lagrangian, as well as the references to the papers were this Lagrangian was
taken from. All model-files can be freely downloaded and changed, serving like this as the starting point for building new models. A TeX-file
for each model containing a summary of the Feynman Rules produced by FeynRules is also available.

The Standard model model-file is already included in the distribution of the FeynRules, but it can also be downloaded independently from the
corresponding link below.

We encourage model builders writing a FeynRules implementation of their model to make their model file(s) public in the
FeynRules model database, in order to make them useful to a community as wide as possible. For further information on how
to make your model implementation public via the FeynRules model database, please send an email to

e neil@...
celine.degrande@...
claude.duhr@...
benjamin.fuks@...

Available models

Standard Model The SM implementation of FeynRules, included into the distribution of the FeynRules package.

Several models based on the SM that include one or more additional particles, like a 4th generation, a
second Higgs doublet or additional colored scalars.

Simple extensions of the SM
Supersymmetric Models Various supersymmetric extensions of the SM, including the MSSM, the NMSSM and many more.
Extra-dimensional Models Extensions of the SM including KK excitations of the SM particles.

Strongly coupled and effective

field theories Including Technicolor, Little Higgs, as well as SM higher-dimensional operators, vector-like quarks.

Miscellaneous

NLO Models ready for NLO computations
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o Antony Martini (Université catholique de Louvain) & Kentarou Mawatari (LPSC Grenoble)
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Description of the model MadDM ‘MGSaMC‘

This is simplified dark matter models for NLO. Our lagrangian consists of different types of DM: MIC rO M EG AS

e Xr (real scalar DM) +
e Xc (complex scalar DM)
e Xd (Dirac spinor DM) P th .
¢ Xm (Majorana spinor DM) [to be done.]
e Xv (vector DM) y Ia’
. ...
and different types of mediators: +
s-channel
e YO (spin-0) ‘DelpheS‘
o Y1 (spin-1)
Y2 (spin-2)
o v

¢ t-channel [to be done.] ‘ MadAnaIYSiSS ‘

See more details in

» 1508.00564 : O. Mattelaer, E. Vryonidou, "Dark matter production through loop-induced processes at the LHC: the s-channel mediator case” (EPJC75(2015)436).

»1508.05327 : M. Backovic, M. Kramer, F. Maltoni, A. Martini, K. Mawatari, M. Pellen, "Higher-order QCD predictions for dark matter production at the LHC in
simplified models with s-channel mediators" (EPJC75(2015)482).

»1509.05785 : M. Neubert, ). Wang, C. Zhang, "Higher-order QCD predictions for dark matter production in mono-Z searches at the LHC" (JHEP1602(2016)082).

»1605.09359 : G. Das, C. Degrande, V. Hirschi, F. Maltoni, H. Shao, "NLO predictions for the production of a spin-two particle at the LHC"

»1701.07008 : S. Kraml, U. Laa, K. Mawatari, K. Yamashita, "Simplified dark matter models with a spin-2 mediator at the LHC".



- < Final state | Imposed constraint Reference Comments
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. /bin/mg5_aMC
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;./bin/mg5_aMC

{ >import model DMsimp s spin0

t >generate p p > j xd xd~ [QCD]
 >output

i >launch

Complementarity between
the different searches.
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‘Mono-EW is also interesting. ‘
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Figure 14. Results of our four-dimensional parameter scan projected onto the (my,myx) plane
once constraints set from the LHC results are imposed. The points excluded by the diphoton, the ¢
and the four-top considered searches all satisfy the relic density, narrow width and direct detection
constraints.
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® The systematic simulation framework have been developed
not only for LHC but also for non-collider experiments.

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

® |n the DM context, not only mono-j but also mono-EW
and tt+MET are important.

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

® Are the simplified DM models too simple!?



