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Does one get linear growth from purely Newtonian particle
dynamics?
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Recover linear growth (and beyond) e

SEIT1386

100
10T
10729

Py (1 Mpc]
g

— lowest-order RKFT

10° 10% 10!
k [h Mpc ™)

R. Lilow et al. 2019
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N initially correlated particles

|

Hamiltonian e.o.m with

H=Hy+ H;
qo(t) = q® + p® (t— t(i)) V(q) = Zi,j Ii(]iiqﬂ

t_/da
) a3H
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Recover linear growth ‘
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linear:
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Microscopic particle system ‘

ssssssss

Z= / dr; / DPelSol®IHSr
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Klimontovich phase-space density and response field:

o= (o) (s uwmes )
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Hubbard-Stratonovich transformation: ‘
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HS converts microscopic particle theory into macroscopic
field theory

e—%<1>~o-<1> :./\/'/Dw eiw.afl.w—iw@
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Macroscopic field theory ‘
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introduce macroscopic fields:
Y = (YB, ¥,), conjugate to & = (®,, ®p)
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Macroscopic field theory ‘

introduce macroscopic fields:
¥ = (YB, 1¥,), conjugate to & = (®,, Pp)
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Macroscopic field theory ‘

introduce macroscopic fields:
Y = (Y, 1¥,), conjugate to ¢ = (®,, Pp)

7 =N / dr; /‘D(T) oiS0[®] /'D@b 62i’l/)p'V_l"/’B—iT/Jp'CI’B—iT/JB"I’p

Elena Kozlikin



Macroscopic field theory ‘

introduce macroscopic fields:
Y = (Y, 1¥,), conjugate to & = (®,, Pp)

Z=N / dr; / DP ¢Sol?] / Dyp 2 1Wp v YB ity Pp it 2

=N / dr; /ED@ eiS“[(I’]/szB Dqﬁpeilﬁp‘lﬁB*%lZn'V@B*in@p
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g :N/ Dype™ Mo / ar; / D 0[] v Putivn @,

TV
macroscopic microscopic Zy,

:N/Dw e_iwﬂ'¢B_iWyb

Wy, = In(Zy)
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Z :_/\N/’/DQIZ) e—i”‘/)p'@/’B /drl/D(I) eiso[‘b}eéwp""@B-ﬁ-in“Dp

macroscopic microscopic Zy,

:N/p¢ o~ 1o B—iWy

Wlp = h’l(Zw)
Ww x Z (wB)nB (wp)np(JPB)HBG/()(.).)-/)B...B(L -ee, g, 1,7 RN H;J)
n@,np:O
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V4 :_/\N/'/Dw e Wo¥B /drl/D(I) eiSO[‘b}e%wp'V"bBJrin'q)p

~
macroscopic microscopic Zy,

:/\N//Dw e*iwp'd’B*iWw

Wiﬁ = ln(Z¢)

Wy oc 1+ 9p 0,5Gig s + 1, G0 4, + 245 0,5G) 0,
+ B 0BGl Yty + -
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split action:
!
S = Stree + Svertex

1
iStree = _§'¢ D, P

Z[M] — eisvertex /Dw e—%w.D*I.w-i-iM-zp
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Z[M] — eisvertex /Dw e—%w.D*I.w-i—iM-zp
G,y = D,y + terms involving vertices
D,y =Dr -Gl - Dy

resummed propagators Dr, D contain infinite orders of
interactions!
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To recover linear growth... ‘

Z[M] :M/ Dy e—%dbD*l'w-HM-iﬁ

G,p = Dyp+terms i g vertices

Dpp:DR'GI(O(I)O)‘DA

Expand initial conditions in terms of P((Si)

GO o P 4pp®77

D (t) 0 (1)
Dy (t) °

= Ps(k,t) =
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Recover linear growth ‘

— lowest-order RKFT

10-1 free-streaming
=== linear EPT
----- initial
10-1 - : - =
107 1072 10° 102 10

k [h Mpe™]

But G,(o%) contains much more information, including

mode-coupling effects!
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What is the difference between KFT and SPT?
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Can KFT recover SPT results?
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KF'T recover linear growth exactly if... ‘

)

we expand initial conditions in terms of Pf; to linear order!

Z[M] :M/ Dy e—%wD*l'w—HM-q};

Gpp = Dyp+terms i g vertices

DppZDR'Gf,(,),)-DA

GO o P 4pOp®77

= P t) = P
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Theory of cosmic structure formation

2= [DoPly)

Kinetic Field Theory:

m Initial conditions for
N-particle ensemble

m Particles and their
dynamics

m Hamiltonian e.o.m.

q(t) =av + gqp(t,0) p¥

—

t
+ / dt’ gqp(t, t') £(t")
0
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Theory of cosmic structure formation ‘

Z= / Dy P[y]
Kinetic Field Theory: Eulerian SPT:

m Initial conditions for m Averaged fields p and v
N-particle ensemble m Fluid equations

m Particles and their .
dynamics Ohp+p0+voip=0

m Hamiltonian e.o.m. 00+ 08 (v Ov') +4nGp =0
d(6) =g + gap(t,0) BV (0 = o)

single-stream approximation!

—

t
+ / dt’ gqp(t, t') £(t")
0
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Theory of cosmic structure formation ‘

2= [ DoPly)
Kinetic Field Theory: Eulerian SPT:

m Initial conditions for m Averaged fields p and v
N-particle ensemble m Fluid equations

m Particles and their .
dynamics Ohp+p0+vop=0

m Hamiltonian e.o.m. 0, 0 + 0 (Vj iji) +47Gp =0
d(t) =G + gap(t, 0) Y (0 = o)

single-stream approximation!

—

t
+ / dt’ gqp (8, t') £(t")
0

Derive statistical properties by functional derivatives
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Comparison of the perturbative expansion ‘

Kinetic Field Theory:

m For
q(t) = q(i) + gap(t, 0) ﬁ(i)

ZKFT is exact.

m Free evolution contains
non-linear effects due to
initial correlations.

m Perturbative corrections are
due to particle interactions.
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Comparison of the perturbative expansion ‘

Kinetic Field Theory: Fulerian SPT:
m For m Linear theory describes the
) 6 independent evolution of
dt) = a" +ggp(t, 0)p" Fourier field modes (includes

) gravitational interactions).
ZKFT 1s exact. . .
m By construction (SSA) linear

m Free evolution contains .
theory is not exact.

non-linear effects due to

. . m Perturbative corrections arise
initial correlations.

due coupling of the field modes

m Perturbative corrections are by non-linear advective terms

due to particle interactions.

Elena Kozlikin



Comparison of the perturbative expansion ‘

Z[M] — eisvertex /Dw e—%w.D*I.w-i—iM-zp

G,p = Dy + terms involving vertices

D,, =Dg -Gl - Dy

resummed propagators Dr, D contain infinite orders of
interactions!
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Recover 1loop SPT if... ‘

we expand initial conditions in terms of P((Si) up to second
order.

—— linear
10°3H — simulation
— statistical+causal+linear
1074 — -
1078 1072 107 10° 10! 102
k [h Mpc™']
from R. Lilow, PhD thesis
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m By construction, KFT contains a complete resummation of
the advective kinematics in the free-streaming regime.
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m By construction, KFT contains a complete resummation of
the advective kinematics in the free-streaming regime.

m To recover SPT results we have to neglect higher-order
correlations.

m Does this pattern continue?
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Is is possible to implement modified gravity theories in the KFT
framework?
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How to modify gravity ‘
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modified Poisson equation

2
Vg = & (1 + AGeff) K20 pm

2 G

use parametrisation

GenexnID () (b () )

Lombriser et al. 2016
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nDGP in the mean-field approximation of KFT

r. = 0.5, k, = 1.0

Power spectra nDGP

o
w

APp/Pgr NDGP
o
[N]

0.1
— exakt
—— Taylor
0.0 Lombriser et al.
1072 107! 10° 10t

wavenumber k[h/Mpcl
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re = 2.0, ky = 0.8

Power spectra nDGP

0.08
— exakt
0021 Taylor
Lombriser et al.
0.00
1072 107t 10° 10!

wavenumber klTh/Mpcl

from N.Reinhardt, Master thesis 2023



