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LHC Dark Matter 
Working GroupOverview of t-channel studies

● Focus of the talk: How do we see the t-channel studies evolving?
○ Ultimate goal: 

■ White Paper with recommendations for interpretations of DM 
searches using models with t-channel mediators

○ Step-by-step review of what was done in the previous White Paper
■ “LHC Dark Matter Working Group: Next-generation spin-0 dark 

matter models”, 1810.09420, Phys.Dark Univ. 27 (2020) 100351
● Kudos: strong collaboration between theory & experimental 

community on phenomenology/sensitivity studies/scans!
○ [Hands-on session will hopefully facilitate that!]

○ First ideas about model parameter scans & pheno scans → next talk
■ Main kinematic parameters of the model?
■ Differences between scalar/Dirac/Majorana/vector DM?
■ Possible phenomenology studies (signatures etc)
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https://arxiv.org/abs/1810.09420


LHC Dark Matter 
Working GroupTowards the previous White Paper
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Final result:

… (showing only first four here)

1810.09420, Phys.Dark Univ. 27 (2020) 100351

https://arxiv.org/abs/1810.09420


LHC Dark Matter 
Working GroupStarting point

● Starting point similar to t-channel effort:
○ Interest in community for interpretations of models with spin-0 mediators 

and extended Higgs sectors
○ Series of LHC DM WG meetings

■ Review of different models on the market
● Richness of phenomenology:

○ Diverse palette of experimental signatures?
● Important role of h+MET and Z+MET signatures?

○ Main model for interpretations identified (next slide)
■ (this is where we are now with t-channel studies)
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Extended Higgs sector (2HDM+a)

Di-top

Z + DM

tt + DM

Jet + DM

+ many other
signatures

h + DM● 2HDM+a model [JHEP 05 (2017) 138]
○ Simplified, but UV-complete
○ Diverse palette of signatures
○ Z+MET, h+MET resonant

○

Wt + DM



LHC Dark Matter 
Working GroupRepresentative pheno studies

● Identified main handles to promote resonant production of h+MET, Z+MET:
○ Model kinematics (mediator masses, not shown)
○ sin𝜃
○ → snapshots of studies: 2HDM+a rolling agenda
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Evolution of studies using
h+MET as example
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https://indico.cern.ch/event/678491/timetable/#20171103.detailed
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Working GroupOverview of pheno studies

● A wealth of studies...
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Working GroupSensitivity studies

● Studied sensitivity of ATLAS/CMS as function of model parameters
○ Showing only (tan𝛽,Ma) dependence
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Evolution of studies using
Z+MET as example
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LHC Dark Matter 
Working GroupOverview of sensitivity studies

● A wealth of studies:
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LHC Dark Matter 
Working GroupFinal recommendations:

● Previous slides: only few snapshots of many exciting studies
○ Strong collaboration between theory and experiment made this possible

■ Lots of work from ATLAS/CMS postdocs/graduates/undergraduates
■ Stimulating guidance from theory + studies

● Final recommendations:
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Just one example:



LHC Dark Matter 
Working GroupFinal recommendations: outcome

● Previous slides: only few snapshots of many exciting studies
○ Strong collaboration between theory and experiment made this possible

■ Lots of work from ATLAS/CMS postdocs/graduates/undergraduates
■ Stimulating guidance from theory + studies

● Final recommendations [only (Ma,tan𝛽) shown]:
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arXiv:1811.06562

PDU 27 (2020) 100351



LHC Dark Matter 
Working GroupSo much for the general aspects….

● Hopefully can take practices/enthusiasm on board for our Ultimate Goal: 
○ White Paper with recommendations for interpretations of DM searches 

using models with t-channel mediators

● Next talk:
○ Some first thoughts about possible signal parameter scans

○ Aside: experimentalists think signatures
■ Motivation: 

● Did we miss a corner of phase space?
● What is the most relevant phase space for this model?
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