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Collider experiments as DM hunters
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Collider experiments as DM hunters
● focus on WIMP-like particles: no interaction in detector

Setting the scene
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Collider experiments as DM hunters
● experimental signature is transverse momentum imbalance

 many tens of publications using MET as key observable

                           MET + X
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS10005


Collider experiments as DM hunters

● once we find a deviation, interpretation will be challenging!

 colliders cannot prove stability beyond the apparatus
 colliders may not distinguish single from multiple new invisible particles
 colliders provide poor mass resolution on the invisible (if any)
 colliders may have no handle on nature of interaction, particle type, quantum 

numbers,…

● the discovery paper may not mention “Dark Matter” at all

● it's a vast field at LHC

 but it's only contributing in certain regions of phase space → complementarity!
 there's a world beyond the WIMP

● I can only touch upon some key messages...

Setting the scene
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DM production in the lab
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DM produced directlyDM from cascade decays

LHC search categorisation 

 

● example: SUSY

 with R parity always 2 LSP's
yielding observable momentum 
imbalance (MET)

 

DM produced directly

  

 

● pair production

 but back-to-back DM particles
are invisible

● ISR diagrams provide
probe recoiling against DM pair



DM production in the lab
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DM produced directlyDM from cascade decays

LHC search categorisation 

 

● example: SUSY

 with R parity always 2 LSP's
yielding observable momentum 
imbalance (MET)

 

DM produced directly

  

 

● pair production

 but back-to-back DM particles
are invisible

● ISR diagrams provide
probe recoiling against DM pair

 

 

● example: Higgs portal

 still large invisible H
decay width allowed

artificial distinction?



● simplified models: SM + only few particles

 new physics restricted to what is relevant
for a certain topology

 aim for maximal experimental coverage
of that topology

 mediator and interactions specified explicitly
 building blocks for recasting results

in full models
 parameter scans manageable

Modelling DM production
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● 13TeV direct DM production searches now  standardized on simplified models

● 2015: LHC DM Forum

● bottom-up guidelines for
LHC dark-matter searches
at the start of LHC Run-2

● wide consensus in community
summarized in extensive report

● continues in LPCC Dark Matter
Working Group

● https://lpcc.web.cern.ch/lpcc/ 
index.php?page=dm_wg

● common basis to present LHC
results wrt other LHC and
non-LHC experiments

● common basis for comparison
of LHC DM searches to
visible mediator searches
(in dijet and dilepton channels)

Modelling DM production
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#MoarData

Experimental status
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Spectacular spectacular!

Experimental status

Steven Lowette – Vrije Universiteit Brussel
Dark Ghosts 2018 – 14 November 2018 Page 16



Direct DM searches
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MonoHiggs

(leptonic)

MonoPhotonMonoJet

MonoW/Z (Hadronic)



Monojet search as poster child example

Direct DM searches
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Monojet search as poster child example

Direct DM searches
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● statistically limited

 needs much bigger datasets

● systematically limited

 no low-hanging fruits left
 can only improve with

very hard work
 more difficult at higher lumi

● theoretical uncertainties
already incredibly well
controlled

 NLO QCD+EWK
 https://arxiv.org/abs/

1705.04664

Monojet search as poster child exampleMonojet search as poster child example



Next avenue: link to visible
● interaction may still be probed

if dark matter inaccessible

 quark (jet) final states guaranteed
 muon and electron pairs possibly too

● thus we can indirectly constrain
dark matter models

 constraints on couplings
 from searches in dijet

and dilepton final states
 model dependency!

Indirect constraints on DM
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Many models, many parameters

Interpretation results
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Interpretations beyond LHC
● demonstrates complementarity

● beware: strong model dependency!

Interpretation results
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What about WIMPs from cascades?
● multitude of searches using SUSY simplified models

● same overall picture on statistics versus systematics

SUSY and DM
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strong production

electroweak
production



Higgs as a portal to DM
● analyses targeted on specific production modes

 also ttH, H→DM interpretations possible

● good progress recently, still room for more

 but no miracles either

● BR(H→inv) < 26% @95%CL

● limited to mDM < mH / 2

Higgs and DM
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Venture beyond WIMPs
● WIMPs from long-lived decays

● heavy neutral leptons

● axion-like particles

● dark sectors portals (hidden valleys, dark photons,...)

● SIMPs

● ...

Experimental frontiers
● low mass resonances

● long-lived particles

● soft signatures

● ...

● vibrant field: a lot of work on triggers, reconstruction, backgrounds, simulation,…

 also LHCb and Heavy-Ion community active!

Next frontiers
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New exotic signatures!
● only a selection

Next frontiers

Steven Lowette – Vrije Universiteit Brussel
Dark Ghosts 2018 – 14 November 2018 Page 27



Dark Matter is a hot topic at the LHC

● bread-and-butter signatures intensely searched for

 LHC is very competitive if mediator can be produced on-shell and/or DM is light

● connection to search for new mediator in visible decay channels

 dijets, dileptons,...

● branching out to new frontiers

 beyond the WIMP, beyond experimental comfort zones

● only ~50/fb analysed so far at 13TeV, much more to come

Conclusions
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Outlook
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4 years to 100 years of dark matter!

Outlook
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