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Cosmic Structure Formation

System: Initially correlated, gravitationally interacting Dark Matter

Conventional analytic approach: Hydrodynamic description

Numerical approach: N-body Simulations

e New approach: Kinetic Field Theory
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e 6/N-dimensional Phase-space: x
e Gaussian initial conditions: P(x(!)) oc exp(—1 ()ijpk )
e Hamiltonian equations of motion: E(x) =0

e Transition probability:

x(t) _
t),x) = Dx dp(E )—/ Dx/Dxelx‘E(x)
x() x()

, ()
) = /dx(l)P(x(l) / Dx/Dxe‘X E()
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Generating Functional

e Generating Functional:

Z[J, K] = /dx(l)P(x(l)) ‘/(A) DX/DXeiX'(E(X)+K)+iX'J
(i

- ) = g ) = e

e Field operators:

i6Jg;(t)
d] (t,k)= (i 5K Pj
10K, (1)
Johannes Dombrowski Kinetic Field Theory and Cosmic Fluctuation-Dissipation Relations



Perturbation Theory

e Perturbative expansion:
Z[3,K] = % Z,[J, K] = (1 +i% + . .)ZO[L K]
e [nteraction Operator:

5 = —/dt/d3EB(t,—/¥)v(E)ﬁ(t, K)
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Non-linear Power Spectrum

: linear
1st-order nonlinear 1
fully nonlinear

10000 |-t .........
1000 | — T\ —

100 oo i N\

power spectra Pg(k)

10 f S S T W—

0.001 0.01 0.1 1 10
kin[h Mpc'l]

Johannes Dombrowski

Kinetic Field Theory and Cosmic Fluctuation-Dissipation Relations
[



Fluctuation-Dissipation Relations

e Linear Response Theory:
/ / 8 /
x(t, t')=—-pO(t -t )a((’)(t)(?(t )o-
e Kinetic Field Theory:

(BW(e))g = 2300~ ) g (o )os(e),
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Time-Reversal Symmetry

e Symmetry of the generating Functional:

G0 - a.
() = Bt
T %® = Yot
G(t) = (1)~ iCLB(—) Sl

e General 'FDR-type' relations:

(Bp...p)o~ O¢(p...p)o+ correction terms

(B...Bp...p)g~0t...0:(p...p)o+ correction terms
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Cosmological Application

e Time evolution of the Power Spectrum

100

- T
linear

/’\ non-linear
8tP5

0.0001

0¢Ps(k)

le-06

1le-08

le-10
0.001 0.01 0.1 1 10 100 1000

wave number k [h Mpc™]

Johannes Dombrowski Kinetic Field Theory and Cosmic Fluctuation-Dissipation Relations



Summary

e FDR in initially correlated systems
e Time-reversal symmetry

e Time evolution of the Power Spectrum
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