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A question of flavour

Dark matter models with three generations and couplings with the SM that connect different

quark and DM generations
If couplings between different generations —> flavour violation and additional source of CP

violation.
Coupling mediated by a colored scalar ® carrying the same quantum numbers as quarks.
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A question of flavour

Rich phenomenology and dependent on nature of the interaction and DM particle.
e Couplings to left-handed or right-handed quarks.

Couplings to right-handed quarks Couplings to left-handed quarks
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A question of flavour

Rich phenomenology and dependent on nature of the interaction and DM particle.
e Couplings to left-handed or right-handed quarks.
e Dirac or Majorana behavior of DM particles
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A question of flavour

Rich phenomenology and dependent on nature of the interaction and DM particle.
e Couplings to left-handed or right-handed quarks.
e Dirac or Majorana behavior of DM particles

These models are currently considering top-flavored
DM —> Lowest mass DM particle is the particle
coupling mainly to the top-quark.
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Direct detection constraints

Absence of Dark Matter evidence:

e | ack of interaction of DM with 1st generation and 2nd
generation quarks

e Cancellation of contributions via penguin diagrams

Cancellation of interaction cross-section mainly constraints

mixing couplings and strength of interactions
e |n top-flavored model, mixing of 1st and 3rd generation
e Strength of D33 coupling
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Flavour physics constraints

Interaction with different flavors —> flavour mixing measurements
Main constraints on the mixing angles and strength between different DM-SM quark couplings.
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Freeze-out considerations

Different freeze-out scenarios can be considered for these models:
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Canonical freeze-out
Large couplings between DM particles -SM quarks
Large or intermediate mass differences between DM
Prompt particles at LHC.
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Freeze-out considerations

Different freeze-out scenarios can be considered for these models:
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Collider signatures and projections

Generally, these models present gqg+Et™iss collider signatures. Shown that tj+Ermiss and t+Emiss
dedicated searches beat full Run-2 jets+Ermiss and tt+Etmiss results. Assuming canonical freeze-out.
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Dy11 =Da22:6012=023=0;0;;=0

RH-SFF 200 GeV D/l’33 = D/l,ll + 1.0 sin913 =0.25
RH-QDF | 150GeV | Das3 =Da11 +02 | sinf3 =0.2
LH-QDFI 150 GeV D,l,33 = D/l,ll + 0.1 sin913 =0.1
LH-QDF2 450 GeV D,l,33 — D/l,ll +0.2 sin613 =0.2

Parameters to scan: m g and D 4 1

Sensitivity study on Dirac models
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Other interesting signatures

Majorana models also provide interesting observables:
¢ Including same-sign tt+Ermiss channel.

® Charge asymmetry due to enhanced uu —> ¢o.

Same-sign tt+Ermiss signature
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Reinterpretation of ATLAS analysis

Reinterpretation of a SUSY analysis looking at tc+Egmiss final states p )
already done. ty
Looking at zero-lepton channel. ® -7
¢ Three different regions targeting boosted, resolved and compressed TS~
topologies . t1
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Reinterpretation of ATLAS a

Sensitivity of the analysis driven by the

presence of tt+Etmiss and tc+Ermiss signatures.
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Higher sensitivity expected from including monotop and other tj+Ermiss final states.

Area of the parameter space to explore larger
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New analysis in ATLAS

Search for these flavour dark matter models in t+Et™iss and tj+Eriss final states.
e c-tagging and b-tagging for increased sensitivity.
e Study charge asymmetry in these final states.
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Conclusion

Complex BSM sectors, with long-lived particles, dark QCD and additional particles at center of LHC Run-3

Interest in a set of dark matter models with flavour predicting couplings with the SM quarks.

e Constraints by direct detection, relic abundance and flavor physics still allow a significant region of the
parameter space to explore

e Motivation for searches in final states with jets and top quarks.

® Excess in these channels would not only tell us if DM exists but also if it is Dirac or Majorana.

¢ Flavour tagging and charge identification key to improve sensitivity.

Looking for person-power within ATLAS and discussion with the LHC DM community !!!
Stay tuned !
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A question of flavour

Dark matter puzzle
® \What is dark matter and how
does it interact with SM ¢
® How was it created?
® |s there only a single DM
candidate ¢ Why not more ?
Interactions between them ?

Flavour puzzle

® \Why does matter appear in
three generations ?

® Hierarchical masses

e Flavour violation but small

Possible link: flavoured dark matter
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Dark matter searches

Explored many simplified scenarios in Run-I and Run-II. Lack of BSM signals.

Recently, interest in more complex dark sectors unconstrained with current results.
Dark QCD: emerging jets, semi-visible jets etc
Dark photons, dark Higgs.
_ong-lived particles
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