
Scalar/Pseudoscalar Mediators
• Simple extension of the Standard Model 

• Accommodates scalar or fermionic dark matter. Model files implemented 
with fermions as of now. 

• MFV assumption leads us to expect couplings      SM fermion mass 
• Motivates searches in heavy flavor (top, bottom, tau) channels. 

Looking for deviations or non-universality of                   important
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• Loop induced couplings to gluons (analogy with Higgs) 
• Loop can be computed analytically for on-shell external                           

gluons with momentum transfer small compared to 
• Not the case at LHC for reasonable MET cuts in monojets. 

• Need to either reweight MadGraph events 
• or use MCFM, Sherpa, etc. 
• Effect suppresses high-               tails 
• Use available MG models with care 
• Can safely use MadGraph for 

• Working to get Sherpa implementation for                                                    
experimental collaborations.

2

matter is being produced at colliders, it is generally the case that new mediating particles are being produced as well.
As we look to interpret results from dark matter experiments and design new search strategies at the LHC, a balance

should be struck between the very general (but often inapplicable) EFT approach and a full theory like supersymmetry.
One solution has been found in Simplified Models [30–32], which resolve the contact interaction into a single exchange
particle, without adding in the full complexity of a UV-complete model. By specifying the spin and gauge quantum
numbers of the dark matter and the mediators, the parameter space can be made relatively small, allowing an easy
conversion of bounds between experiments and theories. Previous papers have discussed colored mediators [33–35],
which result in t-channel production of dark matter in a manner very similar to squarks in supersymmetry. Other
works have considered vector and axial vector Z 0 models [29, 36, 37], which cause s-channel dark matter production
at colliders.

In this paper we consider a class of simplified models with a spin-0 scalar or pseudoscalar mediator, which allows
s-channel production of dark matter from Standard Model partons at the LHC. These models are attractive in their
simplicity, requiring only a minimal extension of the Standard Model’s particle content. New scalars or pseudoscalars
can also be easily accommodated in extended Higgs sectors, and it is not unreasonable to expect the Higgs to have
contact with the dark sector. As with other simplified models, scalar mediators predict LHC signatures in a number
of correlated channels; this can be used to our advantage when designing new searches.

As previous works [28, 38–42] have pointed out, scalar and pseudoscalar mediator models and EFTs face unique
simulation issues at colliders. Making the well-motivated assumption that the mediator couplings to Standard Model
fermions proportional to the Higgs Yukawas, the mediator is primarily produced at the LHC through a loop-induced
interaction with gluons. As was noted in the context of scalar EFTs, this loop-induced coupling must be calculated
assuming large momentum transfer, as the trigger requirements at the LHC for most dark matter searches require
significant transverse momentum in the event. Just as large momenta requires the expansion of a point-like dark
matter-Standard Model EFT interaction to include a mediator, the mediator-gluon interaction must also be resolved
as the momentum transfer increases pT� = O(2mt). A sketch of the successive levels of e↵ective theories is shown in
Figure 1. As we will show, the large momentum transfer at the LHC forces us to fully resolve the top-loop induced
coupling, just as it forces us to resolve the mediator in the EFT.

FIG. 1: A heuristic diagram presenting the successive levels of e↵ective theories that must be expanded as the
momentum flow (proportional to the MET) through the interaction increases. On the left we have the EFT
OG = ↵s/⇤3 �̄�Gµ⌫Gµ⌫ . In the center two e↵ective theories with either (m� ! 1, finite mt) (top) or
(finite m�, mt ! 1) (bottom). On the right the Full Theory with finite (m�, mt).

In this paper, we provide two benchmark models for scalar and pseudoscalar mediated simplified models, with a
five-dimensional parameter space. We demonstrate the non-negligible e↵ects of resolving the mediator loop-induced
coupling to gluons in collider simulations, compared to the e↵ective interactions. We derive bounds on these parameters
using data from direct and indirect detection, as well as predictions assuming that the dark matter is a thermal relic.
We then show the existing constraints on these benchmarks from a number of Run-I LHC searches, including – but
not limited to – the MET plus jets searches that have been of primary interest previously. This comprehensive set of
bounds on scalar mediators has not been previously collected, and underlines the necessity of multiple complimentary
channels when searching for dark matter at the LHC [43].

In Section II we set up our two benchmark models for scalar and pseudoscalar mediators. We introduce a set of
parameters which describe the relevant phenomenology for current and future experimental results. In this section we
also show the e↵ects of the resolved top-loop on the distribution of transverse momentum at colliders. In Section III
we show constraints on these models from non-collider physics: direct and indirect detection, as well relic abundance

Higgs sim. w/ Sherpa



Scalar/Pseudoscalar Mediators
• Even with universal couplings, multidimensional parameter space: 

• Cannot define an “effective coupling”                        without specifying width 
of mediator separately. 
• Could treat width as additional free parameter. 
• For reasonable range of parameters, on-shell mediators have cross 

sections into specific channel scaling as branching ratios 
• Need to make a choice, just be consistent. 

• Propose: set                  , calculate width of mediator in minimal model (no 
additional decay channels available), set limits on coupling as a function 
of  

• Will make certain mediator final states appear to be “best” search targets. 
Keep in mind model-dependent assumptions when interpreting results.
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