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Infroduction/Motivation

O Universe inhomogeneous on all but largest scales

O Effect of nonlinear structure on
observations and dynamics not fully
understood

O Limited regime of linear perturbations

O Precise and accurate cosmology

Center for Cosmological Physics (U. Chicago)

e oo B New insights into the contents of the
universe?

S, B Use exact solutions of EFE to study
growth rate of large-scale structure

ESA/Planck



The Szekeres Solution

O Discovered by P. Szekeres in 1975
O Inhomogeneous and anisotropic exact solutions to EFE for dust
O Contain LTB and FLRW metrics as special cases

O Different formulations including one by C. Hellaby and another
by S. Goode and J. Wainwright

Class | good for modeling structures; could be
used like LTB for large local underdense

anisotropic void;
CMB constrains anisotropy

Class Il regarded as exact perturbations of
a homogeneous background




Goode and Wainwright Formulation
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Growth Equations

O H(t,rxy) =A(r,z,y) — F(t,r)
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1. Define by analogy with FLRW:
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2. Recast equation for ¢ in ferms of density parameters.

5//_|_(

4 + 20\ — Q..

2a

)i

3,

2 a?

2
§— —= 52—
1+

31
— 54 =0
2 a?

3. Solve.
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Results | (flat)
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set (2. 0%,09) = (0.11,0.71,0.18) almost exactly reproduces ACDM



Results Il (curved, Y = 0.1)
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higher growth rate for positively curved models (larger
Lambda contribution) than for negatively curves ones
with the same matter content



Results Il (curved, QY
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higher growth rate for positively curved models (larger
matter content) than for negatively curves ones with the
same Lambda contribution



Growth Factor in Szekeres

O growth factor

H
f:dln5 FLR f’+<2+H2>f+f2—3Qm—o
dlna
Without priors With priors

La? | Q0 00 Q0 () | Q0 ) QO (¥?
No [0.12 059 0.29 (0.22) | 0.05 0.98 -0.03

(0.62)
Szekeres v 011 0.69 020 (0.39) | 0.05 098 -0.03 (0.63)
repy No [0207 056 0.5 (0.21) [ 027 073 0.00 (0.32)
Yes [ 026 0.69 0.05 (0.39) | 027 0.73 0.0 (0.43)
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O x° minimization with and without priors

O caveat: data reduced assuming ACDM



Fitting Results
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Summing up

Szekeres models have lumpiness built in (exact nonlinearities)

O Szekeres growth rate stronger than in ACDM

O Using inhomogeneous models strongly impacts determination of

cosmplogicol parameters
Pestfit: (Y 0%, Q%) = (0.12,0.59, 0.29)

Negligible difference in fitting power between best fit Szekeres
parameters and ACDM

O Best fit Szekeres requires less matter and more spatial curvature

O Nonzero curvature consistent with other studies of inhomogeneous

models and averaging

Hints that Lambda needed for suppression
(Ishak, Peel, and Troxel accepted PRL)
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