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Cosmic Structure Formation

⇒

• System: Initially correlated, gravitationally interacting Dark Matter

• Conventional analytic approach: Hydrodynamic description

• Numerical approach: N-body Simulations

• New approach: Kinetic Field Theory
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System

• 6N-dimensional Phase-space: x

• Gaussian initial conditions: P(x(i)) ∝ exp(− 1
2
~p
(i)
j C−1

pjpk
~p
(i)
k )

• Hamiltonian equations of motion: E(x) = 0

• Transition probability:

T (x(t), x(i)) =

∫ x(t)

x(i)
Dx δD(E(x)) =

∫ x(t)

x(i)
Dx

∫
Dχeiχ·E(x)

P(x(t)) =

∫
dx(i)P(x(i))

∫ x(t)

x(i)
Dx

∫
Dχeiχ·E(x)
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Generating Functional

• Generating Functional:

Z [J,K] =

∫
dx(i)P(x(i))

∫
x(i)

Dx

∫
Dχeiχ·

(
E(x)+K

)
+ix·J

⇒ 〈x(t)〉 → δ

iδJ(t)
, 〈χ(t)〉 → δ

iδK(t)

• Field operators:

ρj(t, ~k) = exp
(
− i~k · ~qj(t)

)
→ ρ̂j(t, ~k) = exp

(
− i~k · δ

iδ~Jqj (t)

)

B̂j(t, ~k) =
(
i~k · δ

iδ~Kpj (t)

)
ρ̂j
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Perturbation Theory

• Perturbative expansion:

Z [J,K] = eiŜIZ0[J,K] =
(
1 + iŜI + . . .

)
Z0[J,K]

• Interaction Operator:

ŜI = −
∫

dt

∫
d3~k B̂(t,−~k)v(~k)ρ̂(t, ~k)
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Non-linear Power Spectrum
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Fluctuation-Dissipation Relations

• Linear Response Theory:

χ(t, t ′) = −βΘ(t − t ′)
∂

∂t
〈O(t)O(t ′)〉0.

• Kinetic Field Theory:〈
Bj(t

′)ρj(t)
〉
0
= i

3

σ2
1

Θ(t − t ′)
∂

∂t

〈
ρj(t

′)ρj(t)
〉
0

Kinetic Field Theory and Cosmic Fluctuation-Dissipation RelationsJohannes Dombrowski



Time-Reversal Symmetry

• Symmetry of the generating Functional:

T :


~qj(t) → ~qj(−t),

~pj(t) → −~pj(−t),

~χqj (t) → −~χqj (−t),

~χpj (t) → ~χpj (−t)− iC−1
pjpk

~pk(−t)− ~cj [J].

• General ’FDR-type’ relations:

〈Bρ . . . ρ〉0 ∼ ∂t〈ρ . . . ρ〉0 + correction terms

〈B . . .Bρ . . . ρ〉0 ∼ ∂t . . . ∂t〈ρ . . . ρ〉0 + correction terms
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Cosmological Application

• Time evolution of the Power Spectrum
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Summary

• FDR in initially correlated systems

• Time-reversal symmetry

• Time evolution of the Power Spectrum
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