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Advantage of our approach
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Observables depending on:
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~_The BGO's formalis
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Clear separation between curvature and E-O motion
contributions In the observable expressions.
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__The BGO's formalism
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_The BGO's formalism
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__The BGO's formalism
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Cosmic web

from Numerical Relativity

To Do

Light Propagation

¥ einstein

toolkit iIn Numerical Relativity







Recipe for cooking observables using BGO's

Necessary
ingredient:

e Spacetime ||
geometry




Recipe for cooking observables using BGO's

Geodesic
(Line of Sight)

W

after some
time...




Recipe for cooking observables using BGO's

Next | ¢ .\

ingredients: | Parallel

B transported
Curvature | frame

a way to .
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Recipe for cooking observables using BGO's
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Recipe for cooking observables using BGO's

Last
ingredient:

Observer
and source
motion




Recipe for cooking observables using BGO's

Cosmological Observables

Distances

Position drift L0500 RSORD
Redshift drift |
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Parallax J i T lo)




The actual computation

Cosmological Observables
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The actual computation

Cosmological Observables







Vincent, F. H., Gourgoulhon, E., & Novak, J.
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Vincent, F. H., Gourgoulhon, E., & Novak, J.
(2012). CQG 29(24), 245005.



d)\_oz

dt  E

Vincent, F. H., Gourgoulhon, E., & Novak, J. — il aiiie | VAR Vg 0;a)

(2012). CQG 29(24), 245005. dt



The b0|I|ng water the I|ne of S|ght

ol
dt E
dE —
Vincent, F. H., Gourgoulhon, E., & Novak, J. — = EloK VIVl d.al
(2012). CQG 29(24). 245005 dt
dXi -
Ty A
dt
dV*

= aV?[V!(diloga — Kk V*) +2K' ; =9 T V¥] — 40500 — V19, 8°

dt



The salt ParaIIeI transported SNF
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GDE in parallel transported frame




The raw pasta: the curvature
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APPLICATIONS: Schwarzschild metric as toy model

Initial
conditions:

(i) y;,, = 10 r¢
(iii)z;, = 0
(iv) k” {1,1,0,0}

(v) Static
emitter and
observer




APPLICATIONS: Schwarzschild metric as toy model

Initial
conditions:

(i) y;,, = 10 r¢
(iii)z;, = 0
(iv) k” {1,1,0,0}

(v) Static
emitter and
observer




From the BGO we get D, and D ,,,.
From the BGO + redshift we get 9,
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APPLICATIONS: isolating non linearities in light
propagatlon in mhomogeneous cosmology

Our toy- mooIeI plane para

appProxim
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e Perturbations depend on x and time only

o Leading order in the 1/¢" expansion of Einstein

eqguations

ds? = a2(n>{ dn® + |11, 01.20 + y17 01, 0| dx® + |1+ p3 (7, 0| (dy* + dzz)}

Villa, E., Matarrese, S., & Maino, D. (2011). JCAP, 2011(08), 024.



APPLICATIONS: isolating non linearities in light

Comparison of cosmological observables in three cases:

() Newtonian dynamics + exact relativistic light
propagation

(I1) PN dynamics + exact relativistic light propagation
(I11) Standard PT at first order for both



APPLICATIONS: isolating non linearities in light
propagation in inhomogeneous cosmology

— PostNewtonian
Newtonian
Linear

—— Background

Grasso, M., Villa, E., & Korzynski, M., in preparation



Take-home message:

© BGOs as unified framework for
all the observables and all
scales

Work in progress:

e investigating non-linearities

® the full numerical tool for YW

within the EINSTEIN TOOLKIT
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APPENDIX: Recipe for computing observables using BGO's

Motions of the
source and the |
___Observer

Distance,
7 expressions ~ Parallax,

for Position Drift,
observables . Redshift

' Geodesic |
'; (Line of Sight)

Parallel




APPENDIX: Relation between BGO and standard geometric optics
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APPENDIX: Relation between BGO and dlfferent notions of dlstances
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APPENDIX: Plane-parallel metric
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