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KINETIC THEORY APPROACH



LATE-TIME LARGE-SCALE COSMIC STRUCTURE FORMATION

« Perturbed FLRW space-time
ds? = a?[— (14 2¢)d7? + (1 — 2¢) da?]
« ACDM concordance model
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matter radiation

+ Matter modelled by distribution function f(7,x, p)

- non-relativistic (cold)
- collisionless (dark)

« Initial Gaussian random state



FRIEDMANN-VLASOV-POISSON EQUATIONS

« Friedmann equations
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VELOCITY MOMENTS & CUMULANTS

« Mass density contrast

p(T, ) = :5(7—)[1 + 5<Tv ZE)]

« Normalisation

/ f(r,@,p) = 1+6(r,2)
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« Momentum flux and stress tensor
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SHELL-CROSSING

« Single-stream approximation
f(r,@,p) o< [1+5(r, )] 35 (p — amu(T, @))

« Shell-crossing [c. uhlemann, JCAP 10 (2018) 030]
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INCLUDING VELOCITY DISPERSION

« Including the velocity dispersion tensor

foc(1+96) exp{_;(jj% - u2> (G_I)ij(c% a uﬂ)}

e Thermal state
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- Effective theory
- Cannot describe shell-crossing microscopically
- Effective description of a multi-stream fluid
- Captures Maxwell-Boltzmann distribution



FUNCTIONAL METHODS




STATISTICAL COSMOLOGY

- Interested in statistical properties of
Yo = (5, Usy Oy )
+ E.g. covariance function
(o (T, 2) Yy (77, &) = Cop(7, 7", & — @)

+ Power spectral density

Cyp(r,7\x—a') = /eiq'(m_m/) P,(r,7,q)
q



STANDARD PERTURBATION THEORY

== simulation — 2-loop SPT

= = linear theory — 5-loop SPT

=== Zeldovich, co order — 10-loop SPT

— 1-loop SPT — 20-loop SPT
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[M. McQuinn & M. White, JCAP 01 (2016) 043]



MARTIN-SIGGIA-ROSE /JANSSEN-DE DOMINICIS FORMALISM

+ Generating functional
wi[J,J] _ /Dw/ﬂ; efsu-wj.qz
+ Bare action
1.9 = =i [ B[O+ 2t + st
[ o+ 4234
 Connected two-point correlation functions
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ONE-PARTICLE IRREDUCIBLE EFFECTIVE ACTION

« Effective action

W, 0] =suplJ - ¥ +J- & — W]
J,J

- Effective equations of motion

« Two-point functions
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DYSON-SCHWINGER EQUATION

+ Dyson-Schwinger equation

1 0
=5y s o))

 In the current context
rm = Func[{F(’”S”H)}]

« Closure with e.g.

- 1PI effective action loop expansion
- Hartree(-Fock) approximation
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HARTREE-FOCK APPROXIMATION

Velocity-density cross-spectrum [AE & . Floerchinger (in prep.)]
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HARTREE-FOCK APPROXIMATION

Vorticity auto-spectrum [AE & S. Floerchinger (in prep.)]
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FUNCTIONAL RENORMALISATION GROUP

* Regulate the spectrum of initial fluctuations
Pi(q) = P, (q) = 0(k—q) Pii(q)
- Scale-dependent effective action
=6, Emmer

« Renormalisation group flow equation

. . =il .
aka = ;Tr[[FISm + <P];n _ Pll’l)] . akpén]
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CLOSING THE FLOW EQUATIONS

- Symmetries and related Ward identities, e.g. extended
Galilean invariance [AE & sS. Floerchinger, PRD 105 (2022) 023506]

lim 8kfli2) (g) = Func [FIEF)]

lg|—o00
- Effective action ansatz, e.g. time-local dynamics
Fk’ = _i/wa |ia7—wa + Qk,abwb + ’Yk,abcwbwc}

+ /@a [i Qrat+ %Hk,ab@b]
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(RESUMMED) PERTURBATION THEORY RESULT

Linear response function [M. Crocce & R. Scoccimarro, PRD 73 (2006) 063520]
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FUNCTIONAL RENORMALISATION GROUP RESULT

Linear response function [AE & s. Floerchinger (in prep.)]
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SCALE-DEPENDENT FIELDS

« Flow of continuity equation

8,6 + 0;[(1 + )u;] + 8;0,F,(8,u) = 0

i [(1+5 Uy, L]

« Flow equation for I, [®] = I',[¥,[®]]
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« Effective action ansatz

sz = —1 / @k,a [a'rwk,a + Qk,abw’f,b + Vkvabcwkﬂbglhc T
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CONCLUSION AND OUTLOOK

« Dark matter description beyond perfect pressureless fluid
approximation to capture shell-crossing

« Generic need for non-perturbative methods to address
small-scale physics

« Dyson-Schwinger equation captures shell-crossing and is
well-behaved in non-linear regime

« Functional renormalisation group particularly interesting
to make use of symmetries and conservation laws
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