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What is Kinetic Field Theory?

• What?
• Statistical description of classical particle ensemble

• In and out of equilibrium

• Basis: Hamilton’s equations:

ሶ𝑥 𝑡 = −
0 𝟙𝟛

𝟙𝟛 0
∇𝐻 𝑥 𝑡 , 𝑡 = 𝐸0 𝑥 𝑡 + 𝐸𝐼 𝑥 𝑡

• How?
• Generating functional 𝑍 𝐽, 𝐾 = 𝑒𝑆𝐼∫ dΓ𝑒𝑖 𝐽,𝑥0 𝐾

Bartelmann et al. 2019: Cosmic Structure Formation with Kinetic Field 
Theory
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+ ⋯Perturbation series:

Weighed integral over 
initial states
→Initial ensemble statistics
→Correlated particle 
positions and momenta

“free” particle trajectories:
Chosen as Zel’dovich trajectories
→Mimic linear growth (and 
possibly a little further)
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ρ 𝑞, 𝑡 =
𝑗=1

𝑁

δ𝐷 𝑞 − 𝑞𝑗 𝑡

𝑒𝑆𝐼 = 1 + 𝑆𝐼 +
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2
+ ⋯Perturbation series:

ොρ 𝑘, 𝑡 =
𝑗=1

𝑁

exp −𝑖𝑘 ⋅ −𝑖
𝜕

𝜕𝐽𝑞𝑗 𝑡
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𝑗=1

𝑁

ෝρ𝑗 𝑘, 𝑡

Density operator allows for computation of 2-pt. cumulant by successive application:

ρρ = ොρොρ𝑍 𝐽, 𝐾 ቚ
𝐽=𝐾=0

What is Kinetic Field Theory?



The Cosmic Power Spectrum 1: The Mean Field Approximation

Konrad et al. 2022: Kinetic Field Theory for Cosmic Structure Formation



The Cosmic Power Spectrum 2: Perturbation Theory

Pixius et al. 2022: Kinetic Field Theory: Perturbation theory beyond first order



The Cosmic Power Spectrum 2: Perturbation Theory

Bartelmann et al. 2022: Cosmic Structure Formation with Kinetic Field Theory


	Slide 1: Kinetic Field Theory
	Slide 2
	Slide 3: Kinetic Field Theory
	Slide 4: Kinetic Field Theory as an analytic approach to cosmic structure formation
	Slide 5: What is Kinetic Field Theory?
	Slide 6
	Slide 7
	Slide 8
	Slide 9

