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Post-Newtonian Cosmology

Weak field regions Arxiv: 1503.08747

Figure: This figure was produced using an image from D. J. Croton et al., 2005
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Testing theories of gravity Parameterized post-Newtonian Formalism

Parameterized post-Newtonian (PPN) Formalism

At leading order the PPN metric is given by

ds2 ≡ (−1 + 2αU)dt2 + (1 + 2γU)δµνdx
µdxν ,

where

applicable to isolated astrophysical systems.

U ∼ ρM ∼ v2

c2 ≡ ε2 is the Newtonian gravitational potential.

∇2U ≡ −4πGρM .

We assume U has asymptotically flat solutions.

α and γ are constant PPN parameters.

(Will, 1993)
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Testing theories of gravity Parameterized post-Newtonian Cosmology

Parametrized post-Newtonian Cosmology (PPNC)
Arxiv: 1610.08039

In cosmology, we need to account for

Time dependence of barotropic fluids

Time dependence of additional degrees of freedom: φ, Aa

The metric potentials satisfy Poisson-like equations of the form

∇2Φ ≡ −4πGαρM + αC ,

∇2Ψ ≡ −4πGγρM + γC ,

where α(t), αC (t), γ(t) and γC (t) are four functions of time.

For solutions to the potentials, ∇2U = −4πGρM we do not assume
asymptotic flatness.
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Testing theories of gravity Parameterized post-Newtonian Cosmology

Cosmological Expansion Arxiv: 1610.08039

Acceleration equation

ä

a
= −4πGα

3
〈ρM〉+

αC

3
,

Constraint equation

ȧ2

a2
+

k

a2
=

8πGγ

3
〈ρM〉 −

2γC
3

.

Additional constraint

4πG 〈ρM〉 =

(
αC + 2γC +

dγC
d ln a

)/(
α− γ +

dγ

d ln a

)
.
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Testing theories of gravity Parameterized post-Newtonian Cosmology

Cosmological perturbations Arxiv: 1610.08039

Poisson-like equations in an FLRW background

∇̂2Φ̂ = −4πGa2αδρ ,

∇̂2Ψ̂ = −4πGa2γδρ .

Gravitational constant parameter, µ, and gravitational slip parameter, ζ

µ =γ ,

ζ =1− α

γ
.
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Testing theories of gravity Examples

ΛCDM Arxiv: 1610.08039

The PPNC parameters are given by

α = γ = 1,

αC = Λ,

γC = −Λ

2
.
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Testing theories of gravity Examples

Scalar-tensor theories of gravity Arxiv: 1610.08039

The Lagrangian of such a theory is given by

L =
1

16πG

[
φR − ω(φ)

φ
gabφ;aφ;b − 2φΛ(φ)

]
+ Lm(ψ, gab) ,

The PPNC parameters are given by

α =

(
2ω + 4

2ω + 3

)
1

φ̄
, γ =

(
2ω + 2

2ω + 3

)
1

φ̄

αC = −
(

2ω + 4

2ω + 3

)∑
I

4πGρI

φ̄
+

(
2ω + 2

2ω + 3

)(
−
∑
I

12πGpI

φ̄
+ Λ(φ̄)

)
−
ω(φ̄)

φ̄2
˙̄φ2 −

¨̄φ

φ̄

+
1

2ω + 3

(
ω′ ˙̄φ2

2φ̄
+ φ̄Λ′(φ̄)

)
,

γC = −
(

2ω + 2

2ω + 3

)∑
I

4πGρI

φ̄
−
(

1

2ω + 3

)(∑
I

12πGpI

φ̄
+
ω′

2φ̄
˙̄φ2 + φ̄Λ′(φ̄)

)

−
ω(φ̄)

4φ̄2
˙̄φ2 −

(
2ω + 1

4ω + 6

)
Λ(φ̄) −

¨̄φ

2φ̄
.
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Testing theories of gravity Examples

Scalar-tensor theories of gravity Arxiv: 1610.08039

The cosmological expansion equations are given by

ä

a
= −

(
ω + 3

6ω + 9

)
8πG

φ̄
〈ρM〉 −

(
ω + 3

6ω + 9

)
8πG

φ̄

∑
I

ρI −
8πG

φ̄

∑
I

pI

(
ω

2ω + 3

)

− ω(φ̄)

3φ̄2
˙̄φ2 +

˙̄φȧ

φ̄a
+ Λ(φ̄)

(
2ω

6ω + 9

)
+

1

2ω + 3

(
ω′

2φ̄
˙̄φ2 + Λ′(φ̄)

)
,

ȧ2

a2
+

k

a2
=

8πG

3φ̄
〈ρM〉+

8πG

3φ̄

∑
I

ρI +
ω(φ̄)

6φ̄2
˙̄φ2 −

˙̄φȧ

φ̄a
+

Λ(φ̄)

3
,

¨̄φ

φ̄
=

1

2ω + 3

(
8πG

φ̄

(
〈ρM〉+

∑
I

(ρI − 3pI )

)
− ω′ ˙̄φ2

φ̄
+ 2Λ(φ̄)− 2φ̄Λ′(φ̄)

)
− 3

ȧ ˙̄φ

aφ̄
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Testing theories of gravity Examples

Other examples Arxiv: 1610.08039

Dark energy models like quintessence

ρI =
1

2
φ̇2 + V (φ)

pI =
1

2
φ̇2 − V (φ)

Vector-tensor theories of gravity

L =
1

16πG

[
R+ωAaA

aR+ηAaAbRab−εF abFab+τAa;bA
a;b

]
+Lm(ψ, gab)
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Ray-tracing and Hubble diagrams in Post-Newtonian Cosmology Illustrations

Illustrations Arxiv: 1705.02328

: Point Mass : Homogeneous Halo
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Ray-tracing and Hubble diagrams in Post-Newtonian Cosmology Results

Hubble Diagrams Arxiv: 1705.02328
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Ray-tracing and Hubble diagrams in Post-Newtonian Cosmology Results

Comparison with Stochastic Lensing Formalism
Arxiv: 1705.02328
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Summary and Future Work

Summary and Future Work

We have constructed a parametrization that requires only 4 functions
of time to parameterize a large class of metric theories of gravity in
cosmology.

In GR, we have calculated the effect of small-scale inhomogeneities on
observables in these type of models.

Apply it to more general distributions of matter

Constrain the parameters using observations
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