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Motivation 

Classical WIMP 
evades detection so 
far.

Cf. P. C. Muino’ s talk:
ATLAS limits on DM

[PDG „Dark Matter“ (2024)]

Heavier, coannihilating 
mediators can be the 
reason. 
Many processes and model 
parameters render the 
analysis complicated.
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Pheno toolbox

Experiment needs minimal models (few parameters) - 
Theory needs precise and reliable tools!

Talk by
M. Palmiotto

micrOMEGAs

DarkSUSY

MadDM

DarkPACK

DM@NLO

…
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Long-range effects 
can relax experimental bounds

Pert. vs non-pert.

Previously: Effects need to be added by hand to the relic density calculation.
→ Inhibition threshold for non-experts.

We incorporate long-range effects into micrOMEGAs!

[M. Becker et al. (2022)]
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perturbative effects

General class of simplified models, studied vastly in 
the literature. In t-channel models → mediators are 
colored.    
A phenomenological toolbox exists (DMSimpt).

[Arina et al. (2021)]
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We include bound state 
formation for processes

Sommerfeld enhancement 
for s- and p-wave 
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structure  
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cross section can be obtained.

[Garny & Heisig (2022)]
[Binder, Petraki et al. (2022)] 
Binder, Garny et al. (2023)]

In the coannihilation regime, including only the ground state is usually sufficient.

with
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Workflow of our code
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MicrOMEGAs 6.0.3

Set parameters 

{mDM, mX, gDM }

Ωh2 Collider 

bounds

Indirect 
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Direct 

Detection

[Alguero et al. (2024)]
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independent)
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Bound 
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n of bound 
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solution method
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Allowed bands for ΩDM = 0.1200 ± 0.0050 (5σ)

Preliminary Preliminary
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Conclusions
Non-perturbative long range effects have a sizeable impact on the predicted relic abundance. 

Simplified dark matter models allow for a universal treatment of these effects, which can be 
efficiently incorporated by our framework.

Impact of Sommerfeld enhancement depends on the dominant annihilation channels and spin 
of the mediator. 

The inclusion of bound state formation lifts the predicted DM mass and (re-)opens parameter 
space.
In the coannihilation regime, excited bound states amount to a correction of (at most) 20%. 
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Our code will be publicly available soon!
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Thank you for your attention!
Obrigado pela sua atenção!
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Running coupling at different scales

[J. Harz and K. Petraki (2018)]
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expected → 
Only relevant at 
very late times
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Transitions are 
much more 
efficient for triplet 
states
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Limiting scenarios for excited bound states

1) At early times: Ionization 
equilibrium: 

[Garny & Heisig (2022)]

2) Efficient transition limit: 

3) No transition limit: 
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Bandscans on a logarithmic scale

Preliminary!
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Perturbative results for S3MuR

Preliminary!
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Relative impact of non-perturbative effects for 
S3MuR

Preliminary!
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