
Consistent parametrizations 
of dark matter self-interactions

Pollica physics centre


Self-Interacting Dark Matter: Models, Simulations and Signals


June 20, 2023

Camilo García Cely
Ramón y Cajal Researcher



Camilo García Cely,  University of Valencia

Outline

• Motivation: dark matter scattering versus nucleon scattering


• Towards the effective range theory 


• Parametrizing SIDM 


• Conclusions 
2



Camilo García Cely,  University of Valencia3

Self-interacting dark matter hypothesis

σ/m ∼ 1 cm2/g
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 Light mediator
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 Light mediator

Born approximation  of the 
Yukawa potential
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 Light mediator
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 talk by Thomas Hambye

 Light mediator

Accounting for all cosmological and astrophysical 
constraints  is not trivial ( for freeze out)
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Resonant self-interacting dark matter
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Resonant self-interacting dark matter



Camilo García Cely,  University of Valencia12

Resonant self-interacting dark matter
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The way the non-relativistic cross section varies with the 
velocity is largely independent of the internal structure 

Simple parametrization
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Finite-size dark matter

The way the non-relativistic cross section varies with the 
velocity is largely independent of the internal structure 

Simple parametrization
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Effective range theory
 Light mediators
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Effective range theory
Breit-Wigner resonances, bound-states, etc.
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Effective range theory
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• The sign of either parameter cannot be fixed by the 
velocity dependence of the cross section.


• From this point of view, models based on light mediators 
are as well motivated as those arising from strongly 
coupled sectors.


• Studies based of light mediators can be adapted to other 
models . For example
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Lessons

σ =
σ0

1 + v2

ω2

⟶ re = 0 and σ0 = 4πa2
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When does it fail?

• Anti resonances


•  Resonances with a potential barrier 


• Semi-classical regime

Parametrization can be 
modified easily 
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When does it fail?

• Anti resonances


•  Resonances with a potential barrier 


• Semi-classical regime

Parametrization can be 
modified easily 

• Many partial waves and therefore challenging 

•  Angular dependence becomes important

See e.g. Colquhoun, Heeba, Kahlhoefer, Sagunski and Tulin, 2020
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• Resonant SIDM is a viable model giving velocity-dependent 
scattering cross sections. Scenarios in which DM has a finite size are 
another alternative.


• The velocity dependence of the scattering cross section is given by 
the effective range theory.


• This leads to a model-independent parametrization of the velocity 
dependence of dark matter scattering in astrophysical halos.


• This parametrization is able to simultaneously describe resonances, 
light mediators and strongly coupled systems. 

Conclusions



Effective range theory
 Light mediators


