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Overview

• Static vs. Comoving Coordinates

• de Sitter

• Cosmological Perturbation Theory (CPT)

• SDS Metric: Static vs. Comoving

• SSS  Metric: Static vs. Comoving

• Gauge-Invariant Turn Around Radius

• SSS Metrics



Static vs. Comoving

• Static Coordinates 
• Compute observables

• Birkhoff’s Theorem

• Schwarzschild de Sitter Metric

• Comoving Coordinates
• Cosmological Perturbation Theory (CPT)

• Modified Gravity Theories

• McVittie’s Metric



de Sitter Background

• Static Coordinates

• Coordinate Transformation

• Scale factor
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• Static Coordinates
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de Sitter Background

• Static Coordinates

• Coordinate Transformation

• Isotropic



Cosmological Perturbations

• Spherical Symmetry: 4 DOF

• Gauge Transformations

arXiv:astro-ph/0702555



Cosmological Perturbations

• Spherical Symmetry: 4 DOF

• Gauge Transformations

arXiv:astro-ph/0702555



Cosmological Perturbations

• Gauge Freedom: 2 DOF

• Newton Gauge

• Bardeen Potentials: Gauge-Invariant

J. M. Bardeen, Phys. Rev. D22, 1882 (1980).



Schwarzschild-de Sitter

• Spherically Symmetric Ansatz

• Birkhoff’s Theorem



Schwarzschild-de Sitter

• Coordinate Transformation

arXiv:gr-qc/0411033.



Schwarzschild-de Sitter (Exact)

• Coordinate Transformation

• Isotropic

arXiv:gr-qc/0411033.



Schwarzschild-de Sitter (CPT)

• Static Coordinates

• de Sitter Transformation

• Conformal Time



Schwarzschild-de Sitter (CPT)

• Static Coordinates

• de Sitter Transformation

• Sub-horizon Approx.



Schwarzschild-de Sitter (CPT)

• Comoving-Conformal Coordinates

• Scalar Perturbations



Schwarzschild-de Sitter (CPT)

• Comoving-Conformal Coordinates

• Scalar Perturbations



Schwarzschild-de Sitter (CPT)

• Bardeen Potentials

• Newton Gauge



SSS Metrics

• Static Spherically Symmetric Metrics

• Comoving-Conformal



SSS Metrics

• Static Spherically Symmetric Metrics

• Subhorizon Scalar Perturbations



SSS Metrics

• Static Spherically Symmetric Metrics

• Bardeen Potentials



Turn Around Radius

• Maximum Structure Size



Turn Around Radius

• Spherically Symmetric Ansatz

• Radial Geodesics

• Static observer



Turn Around Radius

• Spherically Symmetric Ansatz

• Radial Geodesics

• Static observer



Turn Around Radius

• Spherically Symmetric Ansatz

• Radial Geodesics

• Turn Around Radius



Turn Around Radius

• Newton Gauge

• Turn Around Radius

arXiv:1508.00475



Turn Around Radius

• SSS Metrics

• Turn Around Radius



SSS Metrics



SDS

• SSS functions

• Bardeen Potentials



SDS

• SSS functions

• Turn Around Radius



Brans-Dicke

• Static Metric

• Bardeen Potentials

• Newton Gauge

arXiv:1611.05055



Brans-Dicke

• Static Metric

•

• Turn Around Radius

arXiv:1611.05055



Power Law

• SSS Functions

• Bardeen Potentials



Power Law

• SSS Functions

• Turn Around Radius



Exponential

• SSS Functions

• Bardeen Potentials



Exponential

• SSS Functions

• Bardeen Potentials



Logarithmic

• SSS Functions

• Bardeen Potentials



Logarithmic

• SSS Functions

• Turn Around Radius



Flat Rotation Curves

• Metric

• Bardeen Potential

arXiv:0709.0046



Flat Rotation Curves

• Metric

• Density Profile



Flat Rotation Curves

• Metric

• Linear Mass Profile



Conclusions

• Developed a method to obtain the Newton Gauge of Static Spherically 
Symmetric metrics.

• Obtained the Bardeen Potentials of SSS Metrics

• Applied this method to several examples
• Schwarzschild-de Sitter

• Brans-Dicke

• Power Law, Exponential, Logarithmic Modifications

• Flat Rotational Curves

• Useful when observations are convenient in the framework of CPT



Thanks!
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