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Why dark matter ? 
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Powerful evidence indicating the existence of  weakly 
interacting non-luminous particles in the Universe



WIMPs and its couplings to Standard Model

3

WIMPs: thermal equilibrium and freeze-out only if DM-SM interaction. But how? 
● New interactions might introduce additional flavour violation or FCNC.

Generic flavour violating 
couplings ?  

Ann.Rev.Nucl.Part.Sci.60

https://doi.org/10.1146/annurev.nucl.012809.104534


WIMPs and its couplings to Standard Model
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WIMPs: thermal equilibrium and freeze-out only if DM-SM interaction. But how? 
● New interactions might introduce additional flavour violation or FCNC.

Generic flavour violating 
couplings ?  

Ann.Rev.Nucl.Part.Sci.60

Highly constrained by flavour measurements ! 

https://doi.org/10.1146/annurev.nucl.012809.104534


Minimal flavour violation
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No additional flavour violation source in DM sector
Restrict couplings of DM to SM must be proportional to 
SM Yukawa couplings → predominant couplings to heavy 
flavours

Minimal flavour violation 

Models with 2-Higgs-Double sector + mediator+DM 
2HDM+a model



How to search for Dark Matter
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Direct detection and indirect detection to register 
signatures of the DM - SM or DM annihilation into SM
Collider searches focused on producing dark matter from 
SM collisions

p p



How to search for Dark Matter
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Proton-proton collisions at LHC might produce dark 
matter particles
Weakly interacting particles with SM → undetected

Detect SM particles and large ET
miss (missing 

transverse momentum )

Invisible DM 
particles 

Visible SM particles 
(e.g heavy quarks)

Transverse 
momentum 
imbalance (ET

miss)



Searches for tt+DM signatures in ATLAS
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Searches for dark matter in association to heavy-quarks → ATLAS searches for tt+ ET
miss. 

Accepted by EPJC! arXiv:2211.05426

Extending sensitivity for mediator masses up 
to 50 GeV w.r.t individual channels 

W

b
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https://arxiv.org/abs/2211.05426


From tt+DM to single-top+DM
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Single-top topology neglected by previous searches in ATLAS (basic simplified models). Subdominant against 
tt+DM → tt+DM only searches 

Simplified model with pseudo-scalar + DM

Phys. Rev. D 96, 035031 

tt+DM

t+DM: t-channel

t+DM: tW-channel

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.035031


From tt+DM to single-top+DM
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2HDM+a model adds a resonant diagram to the tW+DM final state → DM  in tW+ET
miss signatures

Searches relatively unexplored in ATLAS.
2HDM+a model 

Phys. Rev. D 96, 035031 

tt+DM

t+DM: t-channel

t+DM: tW-channel

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.035031


Search for tW+DM with ATLAS
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Possibility to search in 3 different final states depending on W-boson decays and covering distinct areas of the 
parameter space
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Accepted by EPJC! arXiv:2211.13138

Pseudo-reconstruct W-boson and top 

Large ET
miss
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Published:  Eur. Phys. J. C 81 (2020) 860

https://arxiv.org/abs/2211.13138
https://doi.org/10.1140/epjc/s10052-021-09566-y
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Search for tW+DM with ATLAS
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Possibility to search in 3 different final states depending on W-boson decays and covering distinct areas of the 
parameter space

W

b
One-lepton

l

v

Low-pT 

Accepted by EPJC! arXiv:2211.13138

Pseudo-reconstruct W-boson and top …. 

Large ET
miss

Published:  Eur. Phys. J. C 81 (2020) 860

https://arxiv.org/abs/2211.13138
https://doi.org/10.1140/epjc/s10052-021-09566-y
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Search for tW+DM with ATLAS
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Possibility to search in 3 different final states depending on W-boson decays and covering distinct areas of the 
parameter space

W

High-pT

b
One-lepton
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Accepted by EPJC! arXiv:2211.13138

Pseudo-reconstruct W-boson and top …. 
aaaand W-tagging

Large ET
miss

Published:  Eur. Phys. J. C 81 (2020) 860

https://arxiv.org/abs/2211.13138
https://doi.org/10.1140/epjc/s10052-021-09566-y
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Search for tW+DM with ATLAS

14

Possibility to search in 3 different final states depending on W-boson decays and covering distinct areas of the 
parameter space

Low-pT 

W

High-pT

b
Zero-lepton

Accepted by EPJC! arXiv:2211.13138

W-tagging

Large ET
miss

Published:  Eur. Phys. J. C 81 (2020) 860

https://arxiv.org/abs/2211.13138
https://doi.org/10.1140/epjc/s10052-021-09566-y


Search for tW+DM with ATLAS
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Possibility to search in 3 different final states depending on W-boson decays and covering distinct areas of the 
parameter space 

Most stringent limits in single-top DM to date for 2HDM+a model → Summary of all 2HDM+a searches 

Accepted by EPJC! arXiv:2211.13138Published:  Eur. Phys. J. C 81 (2020) 860
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arxiv:2306.00641

Combination of 
2HDM+a searches 

https://arxiv.org/abs/2211.13138
https://doi.org/10.1140/epjc/s10052-021-09566-y
https://arxiv.org/pdf/2306.00641.pdf


That was the past .. This is the present and future
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Minimal flavour violation not the only one consistent with flavour measurements → Non-minimal flavour violation!
t+DM searches affected by large uncertainty on SM tt+tW interference → We care about unknown and known! 
As you have seen, the presence of b-jets is a common feature of the searches we do → Flavour tagging ! 

JHEP 01 (2021) 194 

Non-MFV DM models SM tt+tW interference Flavour tagging → b-jets

https://link.springer.com/article/10.1007/JHEP01(2021)194


Conclusion
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Dark matter couplings to heavy flavours motivated by flavour 
measurements

Our ATLAS group searches for Dark Matter in final states with 
top-quarks

Fortes fortuna adiuvat!  Started minimal, going to non-minimal.

Not only searches, but SM measurements as well

LHC Run-3 started . New and exciting results awaits us ahead. Stay tuned ! 
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