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Approximation schemes (GR)

-Newtonian

Post-Minkowskian Post-
d / Slow motion)

(Weak field / Fast motion) (Weak fiel
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Minkowski backgrounc JJHJJE
* Try to mimic > Expancd metric and
,Jag oclynarnics V—‘JJ‘J"J 2s In powers of ©
> Do not expand rnatier > Try mimic Newtonizan
variables gravity

> Do not expand otner
metter variaonles
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Cosmological tests and approximation
methods

FRIIb

Rotation
curves

2o Nslon e
ozifelfgirizetior)

Linearized field equations

Newtonian limit

[ numerical simulations

Expansion rate
parametrization

Weak field approximation
IANewLenianMimit
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Approximation scnemes
(cosmo]ogy)

Cosmological Perturbations smological Post-Newtonian
(Weak field / Fast motion) (Weak field / Slow motion)
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Approximation scnemes
(cosmo]ogy)

-Newtonian
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~LrYY background
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Cosmological tests and approximation
methods

FRIIb

Rotation
curves

2o Nslon e
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Newtonian limit
[ numerical simulations

Expansion rate
parametrization

Weak field approximation
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The

2 PN pnllosphy

Energy density Momentum density
\/\).
5
-y Mornentum
o o flux density
S @
w s

Too > 1oq > 1gp

9ap and U

a ' ' ] — . : [
expancdaole in powers or C
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o 900 90a 9gab

Newtonian 2 0 0
0.5PN ““““o __________________ o o
1PN 4 3 2
1.5PN 5 0 0
2PN 6 5 4
2.5PN 7 6 5
3PN 6
3.5PN 7
C—’n, Nurnoers correspond to order in inverse powers
of tne speecd of light
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CPNA metric ansatz ¢ strateqgy

~7
{ Provide metric ansatz by hand ] 2U o
1 goo = 1——2-I—O(c 4)
C
— — -3
{ Velocities / EM tensor } 90a = hoa = (C )
1 Jab — _a25ab + O (0_2)

{ Connection / Curvature / FEQs }

] +

Impose GC/, Solve" FEQs } { Determine final set FEQs / EOMs }

1

{ Determine form of the metric }

1

[ EOMs / EMPT

)

} [ Start over } { Numerics ]
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2 _
g0 = 1+ |6 -Vt (U2-20)|+0 ()
C C
1 -5
90a = 5(4Ua—x.a) +O (c°)
2U _
gay = a° (-1 ——2> 5ab+O(C 4)
1CPN metric
VU = —47TGCL2[) a
V2d = —4nGa’pe o+ V (p\_/) +3—p=20
V2 = —4nGapV e
1 a a
¢ = a*®4+U+= rl+—— 2<_> 1 2=
2 2p a a
3 3Ua
— 47@)( T Z g e U)
,,PO]SSQIJ like® FEQ 'n]erarc'ny Constraints from GC
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m

guations of motion (1CPNA)

1PN form of the metric

af . — d
T 1/6 - O I (general form)

e ren)
= (oM, + 9 (4202 + 20) + 35 @+ 200 + p1) + 6 (+2) | +3V]
+ {pva (I_I + a2v2>} " + (pv®) o + 0" BV - U) , +2U (vap)’a} + O (0*3)
{(orme?) , + (), + 25 (01— V) + 550"
5 {(ome?) 4 (onot) o+ (), + (o)~ Vioor?)
a2 [(so02) 4+ (o97)
+u, [2 v-uy-n-2- a2u2]
a2’ p
+2U {(pvbv“),a + (v%)J
o { (5dr| 4 Taaw? 4 10§U 5V 0?4 Ug® + U + 5v)
+ pa21)2 + 5—p + p.a vaa2v2

+a—12 {%O',bp — 2Vp,b +p (hOa,b = hOb,a) v — phOb} } +0 (6_4)
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Testmg gravutatlonal theorles

GR MAG Branewor/c% B/metr/c SG }
Newtonian B f(R) } NGT Brans—D/ck%
L J__Tensor J\ L U
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Cosmological
concordance model
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Motivation

i. ls there a systizrnztiic framework
which allows us to |uzntify general
relativistic (GR) effects in
cosmology?

systematic
test classity
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Testmg gravutatlonal theorles

GR MAG Branewor/c% B/metr/c SG }

Newtonian B f(R) } NGT Brans—D/ck%

__Tensor J{
{ Gravity theories }
v 4
Cosmological Alternative cosmological
concordance model model
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f93£ Ing gre avitational rn—um' S
GR MAG Branewor/% B/metr/c SG }
Newtonian|  2C2r fR) } NGT Brans-D/ck%
k J__Tensor J{ . JJ
{ Gravity theories }
C 0
v - 4
Cosmological }» FS:::_aNrgsvttr:)zrﬁg)n Alternative cosmological
concordance model . . models
cosmological formulation
A 1 4
{ Cosmological tests }
BBN CMB LSS SNIa FRIIb
[ Weak || Strong || Micro X-ray | Rotation
__lensing J\_ lensing )\ lensing )\ _ cluster )\__curves |
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Combination of
approximation schemes




1. WA SU ngss'rLJJJy clerived
\JJHff 2 2
Chandrasekhar's orderin

il. We are currently searching for a form ot the
FEQs and EONs which Is most suitable for
numerical simulations

. We implemented and tested a C1 pziciags
of routines for Maple ¢
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1. We Wit rllejriar ofclars gl 2 sorolalziilor)
of different aoorodmetlon meinocds
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