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Cosmic energy budget 2011

@ »Standard model« of cosmology:

95% dark physics /
@ Is this a measurement of the dark energy

energy content of the universe? ‘ —neuinos = 1
@ Yes, if you believe in the Jr’f”’dark .

homogeneous isotropic model
behind

| ~23%

@ »Standard model« parameters, complemented by at
least one additional parameter for an inhomogeneous
model
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Dynamic curvature

} @ Modified dynamics
§ ) 1 1
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g
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Template i
Metric

(Picture by Mauro Carfora)

A. Wiegand (Universitat Bielefeld) Backreaction in the RZA PONT 2011 5/ 21



Dynamic curvature

} @ Modified dynamics
§ ) 1 1
7 3Hp = 87G(o)p— 5 (R)p—;Qp+A
g
372 = —4nG(0)p+ Qp+A
ap

\ Op = §(<92>D_<9>2D)_2<02>D

Template @ Curvature fluctuation coupling

Metric

a520 (a5(R)p) = —azd; (a%9p)

(Picture by Mauro Carfora)

A. Wiegand (Universitat Bielefeld) Backreaction in the RZA

PONT 2011 5/21



Dynamic curvature

} @ Modified dynamics
§ ) 1 1
7 3Hp = 87G(o)p— 5 (R)p—;Qp+A
g
372 = —4nG(0)p+ Qp+A
ap

\ Op = §(<92>D_<9>2D)_2<02>D

Template @ Curvature fluctuation coupling

Metric
a520 (a5(R)p) = —azd; (a%9p)

@ Use of the RZA:;

e Quantitative estimate of the
importance of inhomogeneities

_ e Initialization of N—body simulations
(Picture by Mauro Carfora)
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e Relativistic Zel'dovich approximation (RZA)
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Perturbative approach

@ The coframe decomposition

gi = Ganm’;

@ allows for a generalization of the Zel'dovich
approximation to GR [4]

RZApa (6, X% := a(r) (5“i+£(t) ,@“,-)

P =2 (5,X5) 5 €(6)=0; a(n) =1
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Perturbative approach

@ The coframe decomposition

gi = Ganm’;

@ allows for a generalization of the Zel'dovich
approximation to GR [4]

READS(1,X5) i= a(r) (8% + €0 2%
P =2 (4,X") ; €() =05 a() =1

@ As in the Newtonian case, the volume deformation is
central

ap =aS(t,X") =@ (1+ €L+ (I + & (NI

L o=1 (,@“) TG =11 (9?1) I o= 11T (3@)
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Backreaction in the RZA

@ Result for the backreaction term in the RZA

RZAG &2 (M +En+E*7)
(14 &(ep + E()ep + E(Mh)e,, )

Y1 = 2()e, — 32,
Y2 := 6(I) e, — 3 (Ii)e, (Ti)ey
73 = 2(L)ep (Mhi)ep — 3(I)3
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Backreaction in the RZA

@ Result for the backreaction term in the RZA

& (1 +En+8E7)

RZA
(1+&(T)ep + €M), + & (M)ep)?

Y1 = 2()e, — 32,
Y2 := 6(I) e, — 3 (Ii)e, (Ti)ey
73 = 2(L)ep (Mhi)ep — 3(I)3

@ Expression has the same form as in Newtonian theory
=If one starts with flat initial conditions, the evolution

of Op is basically Newtonian
@ However: In GR Qp triggers nontrivial curvature
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9 Results
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Deviations from background parameters
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arXiv:1011.3959
@ Time evolution of cosmic parameters on 100 Mpc already
for a 1 —o deviation strongly affected

@ Magnitude consistent with other calculations in standard
perturbation theory[1]
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Expected expansion fluctuations

@ The constituents of Qp have an important domain
independent component

E[(6), - 03] = iHiz ( /R Py ()~ (2m)° /R Py () W (k)2>
B[(0%)p] = 5.1 [ &)

A. Wiegand (Universitat Bielefeld) Backreaction in the RZA PONT 2011 11 / 21



Expected expansion fluctuations

@ The constituents of Qp have an important domain
independent component

E[(6), - 03] = iHiZ ( /R Py ()~ (2m)° /R Py () W (k)2>
B[(0%)p] = 5.1 [ &)

@ that cancels out in the complete expression and reduces
Op to the domain dependent contribution

B[Q] = 3 (%) — (0)h] ~2E (o) ] | &kPi(6) W (k)
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Outline

e Conclusion
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@ RZA in coframe formulation allows a direct comparison
with Newtonian case
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Conclusion

@ RZA in coframe formulation allows a direct comparison
with Newtonian case

@ Perturbative results the same as in Newtonian cosmology
@ GR effects?

@ Directions to explore

e Higher orders also Newtonian?
@ Averages on the lightcone? Effects?
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Backup slides
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Deviations from background parameters
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@ Fluctuations of Qp only interesting below 100 Mpc

@ Other parameters fluctuate more strongly for even
bigger domains
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Evolution of the fluctuations

@ Equation for the time evolution of the perturbations

d0)g . (500 _
é0+25 00+ (355 -1 ) (€ +1) =

@ Explicit form of the invariants

. 1 o
I(e@al) = Eeabceukc@aiébjéck
. 1 L
II (gzal) = Eeabceyk@aie@bjack
m (o) = L eapeci . 59 e
i 6 abc€ ik
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Newtonian limit

@ Sending the coframes to integrable ones

__fa

a N_a
ni— N =r

@ leads to the Newtonian equivalent of the perturbation
one forms which are second derivatives of the Newtonian
potential

Npti_ — ,(/)||‘j

@ and therefore the invariants become

L= 1)), =Ty, 1= ()
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Newtonian backreaction

@ Backreaction in terms of kinematical variables
00 =3 (()p—10)D) +2(" ~ %),

@ becomes dependent on derivatives of the peculiar
velocity field

Op =2(I(vij))p — 3 (I(vij))5

@ which means that it is a surface term

2
1 1 2 1
Q:—Z—/ dS-(u(Vy-u)— (u-Vy)u) — = —/ dS-u
p= |2 7 ), 88 Tew q>)3<vqm
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Breakdown of perturbation theory

@ General form of corrections to the average expansion
rate

1 a n
S (0:2O@) 0> M (8% + - )
n=0

0) =3H, | 1+
() < @)

@ If perturbations become of order unity on any scale the
sum > A\, plays the important role.

@ May be large in LTB models even if ® is small and one
would expect the perturbed FRW metric to apply
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