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Lecture Outline

Averaging scalars for flow-orthogonal foliations
Averaging of general fluids on general foliations

Backreaction in (quasi-)Newtonian cosmology ?

Closure assumptions
Scalar field analogy and exact scaling solutions

Dark Energy-free Models and Observational Tests




General Thoughts




Why averaging “







Why scalar averaging 7
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e ‘Bare’ Average Restmass Density :
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e ‘Dressed’ Average Restmass Density :
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T. Buchert, M. Carfora

arXiv:gr-qc/0210045
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Why spatial averaging ?




Take home

Backreaction

Backreaction

Structures “talk " to the “background’

Backreaction

Backreaction




Averaging in a flow-orthogonal foliation

Irrotational Dust




Averaging dust fluids in free fall




Averaging Operator

Spatial average of scalars on a compact domain :

1
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Non-Commutativity

0 0
(A — (A = (0A) — (B)(A)




Non-Commutativity

0 0
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Relative Information Entropy increases

Kullback-Leibler distance : arXiv: gr-qc/0402076




Relative Information Entropy increases

Kullback-Leibler distance : arXiv: 1208.3376
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the scalar parts of Einstein’s equations
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Volume acceleration despite local deceleration

00 = N — 4nGo + 211 — I

01(0) = N\ — 4nG{o) + 2(I1) — (I)?




Kinematical Backreaction

Acceleration Law : 35+47rGeH—A =0

a 3k
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Expansion Law : 3(—) —81Goy — A = -=

Conservation Law :

Integrability :




Kinematical Backreaction

Acceleration Law :

Expansion Law :

Conservation Law :

Integrability :




Effect of Kinematical Backreaction
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Kinematical Dark Energy / Kinematical Dark Matter :
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Effective Form




Recall ; Standard Models for Dark Sources




Effective Equations — Friedmannian Form
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0% = (0)p — T6m va_ﬁm)v P = mgv'*'m(mv :
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Effective Scalar Field : ‘Morphon'

Buchert, Larena, Alimi
arXiv: gr-qc / 0606020
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Take home

Backreaction

Backreaction

Backreaction
Structures “talk " to the "background’

Backreaction




Newtonian

Excursion
Morphometry as a
function of scale

SN




Morphological interpretation of backreaction

Integral Properties
of an averaging domain

Minkowski Functionals

OH = — 4 —
 R1 Re

Minkowski Functionals Wy, :
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Morphological interpretation of backreaction
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Generalized Friedmann Equation :
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SDSS - DR7 — LRG Sample 700 Mpc/h : b dr
Wiegand, Buchert, Ostermann arXiv: 1311.3661 servea .



Closure Assumptions




Closure Assumptions - general
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Exact Scaling and Effective Quintessence
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Closure through explicit models for structure formation -
Relativistic Lagrangian perturbation theory

|: arXiv:1203.6263 |II. arXiv:1303.6193 Ill. arXiv:1503.02566 V. arXiv:1711.01597
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Dark Energy-free models




Background-free Modeling




Background-free Two-scale Model




Background-free Two-scale Model
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Acceleration in the Two-scale Model

Op = AM% + (1= Aug) ?{ + 62t (1= Ag) (Hps — He)?




o-scale Model
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Wiegand, Buchert
arXiv: 1002.3912



Present-day Universe Estimate

Qp=0 <p>=0:

<R>=-2 AN =~-6

AVERAGED ENERGY CONSTRAINT







Take home

Backreaction
Structures “talk * to the "background"

Backreaction
Models that feature conserved curvature
do not describe backreaction

Backreaction




Foliation Dependence




Foliation Dependence




Averaged Equations :
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Synchronous Foliation

Lagrangian representation :
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Weak dependence on foliation
onh cosmological scales




Take home

General Averaged Equations
- No gauge issues here !

Backreaction

Backreaction

Backreaction




No Backreaction in Newtonian Cosmology

and quasi-Newtonian simulations




Properties of Backreaction in Euclidean Space

2.5 Remark: Divergence property of principal scalar invariants

We note the following properties of the principal scalar invariants (here written for
the invariants of the mean velocity gradient):

I=V- v ’ II=VTII y III=V‘TI[I, with

Yi=5WV-v—v-Vv) ;
Yir=3(GV-(W-v—v.-Vv)v—-(vV.-v—-v-Vv)-Vv) . (36)




Properties of Backreaction in Euclidean Space

2.5 Remark: Divergence property of principal scalar invariants

We note the following properties of the principal scalar invariants (here written for
the invariants of the mean velocity gradient):

I=V- v ’ II=VTII y III=V‘TI[I, with

Yi=5WV-v—v-Vv) ;
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No Backreaction Theorem

&1) M Buchert and Ehlers 1997
3= +41G— - A=:Qp =
ay aD

2
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Theorem unchanged by including Shell-crossing




ake home

Newtonian Backreaction

Newtonian Backreaction

cannot give Backreaction

spurious Backreaction




ake home

Backreaction Cosmic Variance

Backreaction




Some words on the link to observations




Acceleration in the Standard Model

local acceleration ;
3;+47rGgH—A =0

global acceleration




Acceleration in the Standard Model

local acceleration
global acceleration

apparent acceleration




@bservational

o C(z)=1+H2*DD" —D?)+ HH DD with D = (1 + z)d4
is identically zero for FRW, different from O otherwise [C. Clarkson
& al, arXiv:0712.3457]

f
v‘ @ In our models:
nNLAT |
Ho (20)(2p ki (2
/Nv 4 C(zp) = — p(zp)r(zp)kip( QD) |
\ o1 ro(en) )

Template

. _ @ Testable prediction of the
Metrics, model.
" o Can allow to make the

difference with a quintessence
B field with the same n.
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Larena, Alimi, Buchert, Kunz,
Corasaniti arXiv: 0808.1161




~ Further Reading :
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arXiv:
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