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DARK MATTER AT COLLIDERS

e Dark Matter existence has been confirmed by many
Astronomical observations

e Plenty of models trying to describe its behaviour
though yet not clear

e At colliders, most DM searches are driven by a
crucial assumption:

e DM is a Weakly Interacting Massive Particle

feeble interaction INnteracts

\._ behaves almost
with SM T gravitationally =~

like a particle

These searches are complementary to those of Direct
and Indirect Detection experiments
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DARK MATTER AT COLLIDERS

e Dark Matter existence has been confirmed by many
Astronomical observations

—

e Plenty of models trying to describe its behaviour v Collider production ¢

though yet not clear =< >
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e At colliders, most DM searches are driven by a =
crucial assumption: S
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feeble interaction interacts _ behaves almost =
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DARK MATTER BENCHMARK MODELS

L =L+ Y, 8,MPr"p,

I=part.
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[2) EXOT-2018-64

The simplest UV-complete benchmark model with a
pseudoscalar mediator: g

EXTENDED HIGGS SECTOR - 2HDM+a 3 b H/A ‘,f’)

2 Higgs Doublet Model + pseudoscalar a
e extend Higgs sector by an additional complex doublet J

b
e 5 Higgs bosons: CP-even h, CP-even H, CP-odd A, and .9 a /< _
two charged bosons H+ N S /X
e 15 parameters, reduced to 5 Iin 6 scenarios 0 b g a\ < F'/x
¢ PS mediator a couples to fermionic Dirac DM candidate y _
t

and mixes with the pseudoscalar A !
e |ess constraints from direct-detection experiments

e \Wide range of signatures at collider, complex interplay
across parameter space (A-a mixing)

¢ |ncludes signatures not predicted in the commonly used
simplified models
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EXTENDED HIGGS SECTOR - 2HDM+a
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EXTENDED HIGGS SECTOR - 2HDM+a
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[2) EXOT-2018-64

Sensitivity in ma reduced when changing value of

parameters, e.g. tan(p) >1

2D scan as a function of different model parameters

highlight the yet uncovered regions of this model.
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[2) EXOT-2018-64

EXTENDED HIGGS SECTOR - 2HDM+a
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limits on kinetic mixing comparable with
CMS and LHCb searches
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BSM

NOT THE USUAL JETS

Some models predict the existence of a hidden sector,
composed of particles not going through the SM gauge
interactions

e connection with the SM through mediators, which
could be DM candidates or portals to DM

Also possible to have strongly interacting dark sectors
e stable dark hadrons can be DM candidates
e dark quarks form bound dark hadron states

e unstable dark hadrons can decay to SM quarks, or
cross detector with no interaction

fraction of stable dark
hadrons among all dark
hadrons in the event

A very wide range of unusual-jet sighatures to explore =

12
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DARK JETS RESONANCE

Lo, dark quarks expected

\+to generate larger jets
% wrt SM quarks

Different fragmentation in
Dark Sector Models

expected many more charged

particles wrt SM counterpart
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If DM particles are produced inside a jet of SM

SVJ SVJ

particles we obtain objects called Semivisible Jets (Rv) SV o , v
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CONCLUSIONS

e Still a lot of things to understand about Dark Matter

e Wide variety of models considered as benchmarks
and guiding lights: many experimental signatures

e Searches at colliders are complementary to non-
collider searches

e Broad analyses programs in ATLAS:
e profit from any signature, combine them
e best analyses techniques put in place
e still some results expected from Run 2 dataset
e Run 3 is providing a new consistent dataset to be
analysed soon!

Matter Dark Energy

Dark Matter
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