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Cosmic Structure Formation

Planck, 2-MASS Boylan-Kolchin et al.
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Questions:
• How do fundamental principles

determine cosmic structures?
• Where do universal properties of

cosmic structures come from?
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Cosmic Structure Formation

Abell 2261, CLASH Project
Coe et al. 2012

universal density profile, ρ(r) = ρ0
x(1+x)2 , r = xrs
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Universality In Cosmic Structures
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Universality In Cosmic Structures
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Analytic Approaches To Cosmic Structures

conventional:
• hydrodynamical equations:

δ̇ + ∇⃗ · u⃗ = 0
˙⃗u + 2Hu⃗ = −∇⃗ϕ

∇⃗2ϕ = 4πGρ̄δ

• however: dark matter is no fluid
• multiple streams, where shocks

would form in a fluid
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classical particle trajectories
• description of particle ensembles

by generating functional
(partition sum) Z
• determination of statistical

properties by functional
derivatives

notorious problems of conventional
approaches are avoided by
construction
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Kinetic Field Theory (3)
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Kinetic Field Theory (3)
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Kinetic Field Theory (4)
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Mean-Field Approximation
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Konrad, S. & MB 2022; MB et al. 2021

https://doi.org/10.1007/s40766-022-00037-y
https://doi.org/10.21468/SciPostPhys.10.6.153
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Asymptotic Behaviour
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Konrad, S. & MB 2022; Konrad, S. et al. 2022; Konrad, S. & MB 2022
free power spectrum ∼ k−3

https://doi.org/10.1007/s40766-022-00037-y
https://doi.org/10.1093/mnras/stac2064
https://doi.org/10.1093/mnras/stac1795
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Asymptotic Behaviour

Waibel, R., MSc thesis, unpublished
free bispectrum ∼ k−11/2
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Perturbation Theory

Pixius, C., PhD thesis; Pixius, C. et al. 2022
8th-order perturbation theory with Newtonian trajectories

https://doi.org/10.1088/1475-7516/2022/12/030
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Perturbation Theory

Pixius, C., PhD thesis
3rd-order perturbation theory with Zel’dovich trajectories
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Modified Gravity Theories

Heisenberg, L. & MB 2019
Oestreicher, A. et al. 2023, Reinhardt, N., MSc thesis

https://doi.org/10.1016/j.physletb.2019.07.004
https://doi.org/10.1088/1475-7516/2023/07/029
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https://doi.org/10.1016/j.physletb.2019.07.004
https://doi.org/10.1088/1475-7516/2023/07/029
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Summary

• KFT: new statistical approach to classical, non-equilibrium
systems
• avoids shell-crossing problem by construction
• mean-field approach successful in recovering non-linear power

spectrum
• rigorous statements on asymptotic behaviour of cosmic

structures
• perturbation theory can be driven to high orders
• no free parameters
• generalization to different cosmologies, dark-matter models,

gravity theories easily possible


