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Optical effects v
* Image distorsion

* apparent position

Observables

* angular distance < ,,,,

* redshift z
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The new BGO approach
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MG, M. Korzynski, J. Serbenta (2019), Phys.Rev. D



® Linear
mapping
o GDE d o 0 0"
for W V= (RVJPQZ"ZP 0 ) W

MG, M. Korzynski, J. Serbenta (2019), Phys.Rev. D
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~ The new BGO approach
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| The new BGO approach

ViewpointA
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& Object

Viewpoint B

Distant background
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e Parallax

e Distorsion / Magnification
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Visual Perspective
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Key quantities

BGO: four 4 X 4 matrices
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Deformation matrix: 2 X 2 matrix

The link: the Jacobi matrix D
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BGO VS Sachs

assumptions

« Geometric optics  (Geometric optics

observables

* |lensing: shear, * |lensing: shear,
magnification, ... magnification, ...



=1€10,

 Geometric optics

* repeated observations

 complete 4D approach

* |ensing: shear,
magnification, ...

The new BGO approach
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VS

assumptions

observables

 (Geometric optics

e observation at single moment

e 2D Sachs frame

* |ensing: shear,
magnification, ...
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 Geometric optics

* repeated observations

 complete 4D approach

* |ensing: shear,
magnification, ...

e drift effects

e parallax

The new BGO approach
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VS

assumptions

observables

 (Geometric optics

e observation at single moment

e 2D Sachs frame

* |ensing: shear,
magnification, ...



Numerlcal Relat|V|ty and nght propagatlon

Cosmic web

from Numerical Relativity

H. Macpherson et. al., arXiv:1807.01711

To Do

Light Propagation
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&  Toolkit iINn Numerical Relativity







Recipe for cooking observables using BGO
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Geodesic equation
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Cosmological
observables
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BiGONLight: Bi-local Geodesic Operators

ADM([], CovD[],
Christoffel[], Riemannl],

‘ BIGONLIght.m BGOEquations(],
Wolfram Mathematica Solve BG O [] ,
MG in preparation PTransportedFramel ],

METRIC - -
BlGONnght outoput:
TENSOR 3GO P

T formalism in
% and O 3+1 splitting OBSERVABLES
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Angular distance D, , and redshift z in ACDM model:

numerical with BIGONLight
VS

analytical expression

numerical — analytical

variation = _
analytical



Code Tests 1: the ACDM model

ds’ = a’ {—d772 + dq% + dq% + dqg}

BGO an
AD . Dang o Dang
ang — Dan

ang

Dang in ACDM: numerical vs analytical Redshift in ACDM: numerical vs analytical

AD;ng in z€[0,10]

Az in z€[0,10]
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Code Tests 2: |

Angular distance [, , and redshift z in Szekeres model:

2
= 4 {—dﬂz + [A(q) A A 41)] dqlz T dqzz T dC]gz}

AlQ)=1+p.(q)B|a;+a5| & F,q) = pq)D0n)

N. Meures, M. Bruni (2011), Phys.Rev. D

numerical with BIGONLIight
VS

numerical using Sachs
BGO — Sachs

Sachs

variation =



Code Tests 2: Szekers metric

ds® = a*{—dn® + [A(q) + F(n,q1))° dg} + dg3 + dg?}

DBGO _ pSachs BGO ZsaChS

AD _ ang ang
ang Sachs ~Sachs

ang

Dang in Szekeres: BGO vs Sachs Redshift in Szekeres: BGO vs Sachs
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Az in ze[0,10]
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Code Tests 3: Redshift drift in ACDM model

e ———— — — = ~——

Redshift drift, 1.e. how cosmic redshift changes over time

general formula with the BGO in ACDM reduces to

U
ologl+2) _ <u@, Ug >U< » ) 6log(1 + 2) H(z)
Ot 5 I+z St - HO 1 +z
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Code Tests 3: Redshift drift in ACDM model

olog(1l + ) Az = numerical — analytical
- o rift —

Ot analytical

Redshift drift in ACDM model Redshift drift in ACDM model: BGO vs analytical
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APPLICATION: isolating non linearities in light
propagation in inhomogeneous cosmology

e e e e e ——e————— T ——— —

—ffects of Inhomogeneties .
on light propagation: , -

e don't explain the
distance-redshift
relation

* negligible bias ..
on cosmological e s
parameters

= e — ————————— = = -



APPLICATION: isolating non linearities in light
propagatlon in mhomogeneous cosmology

A\ + irrotational dust

uniformly distributed
along parallel sheets

orthogonal to the ¢,
axis




APPLICATION: isolating non linearities in light
propagatlon in mhomogeneous cosmology

ds? = a2(n){—czdn2 + 7117, ql)dqlz + ¥, (7, 611)0'6]2 + 1331, 41)dg; }

1 1 1
Y q) = vy, qp) + ZyﬂN(n, q)  1rom.q) =1+ Z@N(n, q)  rsg) =1+ ;7%“(77, q1)

E. Villa, S. Matarrese, & D. Maino (2011). JCAP.

Comparison of cosmological observables in three cases:

() Newtonian dynamics + exact relativistic light
propagation
(I1) PN dynamics + exact relativistic light propagation

(I11) Linear standard PT for both
MG, E. Villa, M. Korzynski & S. Matarrese, in preparation



The scales of perturbations:

e k=500Mpc and &;_sopmpe SUCh that 6, = 0.1 today

e k=100Mpc and ,;_,oompe SUCh that 6, =1 today



- bisect
. Gravitational potential ¢, = dsin(qu)

e Light rays on the bisect to the planes

« Observerin §,, =0

The scales of perturbations:

e k=500Mpc and &;_sopmpe SUCh that §,,, = 0.1 today

e k=100Mpc and &;_,ompe SUCh that 6, = 1 today



Preliminary Results

Redshift:
Linear post-Newtonian
VS and VS
Newtonian Newtonian
Lin N PN N
 —Z  —Z
Az = Az =



Preliminary Results: Redshift

Redshift: k = 500 Mpc (red), kK = 100 Mpc (blue)
Lin vs N PN vs N
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Preliminary Results

Angular diameter distance:

Linear and post-

Newtonian
AVAS
Newtonian
Lin N
N Dang B Dang
ang DN
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PN N
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AD i g g
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Preliminary Results: Angular diameter distance

Lin vSs N & PN vs N

Dang Linear vs Newtonian and post-Newtonian vs Newtonian at different scales
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1. Redshift: Newtonian approximation is the leading
order for non-linearities. Post-Newtonian small

corrections ~ 10~/ — 1076

2. Angular diameter distance:

(Lin, PN) ~ 107°

ang

(Lin, N) & ADang(PN, N) ~ 107

ang
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2

3

4.

. Geodesic directions w.r.t. the planes

. Varying perturbation scales and superposition
. Varying observer position
Different gauge choices

. Other observables: redshift and position drifts
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