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Simplified t-channel models and non-perturbative 
effects

General class of simplified models, studied vastly in 
the literature.       

A phenomenological toolbox exists (DMSimpt).

[Arina et al. (2021)]
[Giacchino,Ibarra et al. (2016)]
[Becker et al. (2022)]
[Garny et al. (2020)]

[Arina et al. (2020)]
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Simplified t-channel models and non-perturbative 
effects (II)

Tools for relic density calculation 
with perturbative cross sections exist 
(e.g. micrOMEGAs).

→ Need for an automated 
framework for the inclusion of 
non-perturbative effects.

We provide a framework for 
micrOMEGAs including Sommerfeld 
enhancement and bound state 
formation in the relic density 
calculation

[Arina et al. (2020)] 3 / 20
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calculation
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This talk: Two representative examples
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Setup of the computation
All perturbative 
(co-)annihilations automatically 
calculated by micrOMEGAs

Bound state effects are 
covered via an effective 
cross section.

[Ellis et al. (2015)]
[Petraki et al. (2015)]
[Harz & Petraki (2018)]
[Garny & Heisig (2022)]
[Binder, Petraki et al. (2022)] 

We include bound state 
formation for processes

Sommerfeld enhancement 
for s- and p-wave 
annihilations with the color 
structure  
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Sommerfeld effect for colored particles

Color decomposition splits the cross section into an enhanced (attractive configuration) and 
a suppressed part (repulsive configuration).

Expressions for coefficients of color decomposition are 
available in the literature.

We use explicitly

[El Hedri et al. (2017)]
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a suppressed part (repulsive configuration).

Expressions for coefficients of color decomposition are 
available in the literature.

We use explicitly

[El Hedri et al. (2017)]

8 coefficients neededOnly s- and 
p-wave

Extracted 
numerically

d-wave
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Sommerfeld implementation (caveats)

Coefficients for the color 
decomposition are not uniquely 
determined by the inital and final 
state representations.

[Giacchino, Ibarra et al. (2016)]

[El Hedri et al. (2017)]
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Sommerfeld implementation (caveats)

Coefficients for the color 
decomposition are not uniquely 
determined by the inital and final 
state representations.

1) If final state particles are 
identical, CP symmetry enforces 
selection rules that make the cl 
dependent on l+s

2) t-channel interactions lead to 
interferences to cl that depend on 
parameters of the model (mX, mq, 
mDM, gDM, αQCD)

[Giacchino, Ibarra et al. (2016)]

[El Hedri et al. (2017)]
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Workflow of our code

CalcHEP

model files

(e.g. 

S3MuR)

MicrOMEGAs 6.0.3

Set parameters 

{mDM, mX, gDM }

Ωh2 Collider 

bounds

Indirect 

Detection

Direct 

Detection

[Alguero et al. (2024)]

SE & BSF

Package

(model 

independent)
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Bound 

State File Provide number 
n of bound 
states and 
solution method

Sommerfeld 

file

Provide ci’s for 
the color 
decomposition

SE & BSF
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(model 
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(Excited) bound states

Network of Boltzmann equations for excited states can be 
simplified to one and an effective bound state formation 
cross section can be obtained.

[Garny & Heisig (2022)]
[Binder, Petraki et al. (2022)] 
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(Excited) bound states

Network of Boltzmann equations for excited states can be 
simplified to one and an effective bound state formation 
cross section can be obtained.

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

More 
details: 
Talk by 
Jan Heisig

In our implementation, we 
use expressions for the 
cross sections and rates 
given in recent literature
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Limiting scenarios for excited bound states

1) At early times: Ionization 
equilibrium: 

[Garny & Heisig (2022)]

2) Efficient transition limit: 

More 
details: 
Talk by 
Jan Heisig

3) No transition limit: 
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Bound state 
formation cross 
section never 
freezes-out for 
colored DM 
candidates (but 
they do for 
coannihilation).

[Binder et al. (2023)]
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Cross sections for scalar mediators

Dominant 
contribution during 
freeze-out comes 
from the ground 
state (n = 1) freeze-out

Bound state 
formation cross 
section never 
freezes-out for 
colored DM 
candidates (but 
they do for 
coannihilation).

[Binder et al. (2023)]
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Cross sections for fermionic mediators

Triplet contributions 
negligible as 
expected → 
Only relevant at 
very late times

freeze-out

Transitions are 
much more 
efficient for triplet 
states
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Impact for fermionic mediators: SE + BSFn=6

Allowed bands for ΩDM = 0.1200 ± 0.0050 (5σ)

Preliminary!

12 / 20



QMDM 2024 | Martin Napetschnig | SE & BSF in t-channel DM models

Impact for scalar mediators: SE + BSFn=6

Allowed bands for ΩDM = 0.1200 ± 0.0050 (5σ)

Preliminary!

13 / 20



QMDM 2024 | Martin Napetschnig | SE & BSF in t-channel DM models

First scan for scalar mediators: SE + BSFn=6

Upper limit on gDM for ΩDM = 0.1200 ± 0.0050 (5σ)

Preliminary!

14 / 20



QMDM 2024 | Martin Napetschnig | SE & BSF in t-channel DM models

First scan for scalar mediators: SE + BSFn=6

Upper limit on gDM for ΩDM = 0.1200 ± 0.0050 (5σ)

Preliminary!

Rapid change from gDM = 10-2 to 10-7

14 / 20



QMDM 2024 | Martin Napetschnig | SE & BSF in t-channel DM models

First scan for scalar mediators: SE + BSFn=6

Upper limit on gDM for ΩDM = 0.1200 ± 0.0050 (5σ)

Preliminary!

Rapid change from gDM = 10-2 to 10-7No freeze-out

Gray region:
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Conclusions

The class of simplified t-channel dark matter models allows for a universal treatment of non-
perturbative effects.

Coefficients of color decomposition for Sommerfeld enhancement need to be provided by the 
user (as for now). 

In the coannihilation regime, excited bound states play a minor role (at most ~20% correction for
δ → 0). 
For fermionic mediators, spin-triplet bound states are relevant at late times (albeit not for 
coannihilation).

We continue to add features to our micrOMEGAs package (conversion-driven freeze-out, 
particle-particle bound states).
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Bandscans on a logarithmic scale

Preliminary!
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Bandscans on a logarithmic scale (II)

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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