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Planck :
Ωk = 0.0005 ± 0.0065

“The results of Eqs. (68a) and (68b) suggest that our Universe is
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...

Planck :
Ωk = 0.0005 ± 0.0065

“The results of Eqs. (68a) and (68b) suggest that our Universe is
spatially flat to an accuracy of better than a percent.”

This does not result from a pure geometrical test on our 3D space.
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Basics of cosmology

Robertson-Walker metric

ds
2 = −c

2
dt

2 + a(t)2[r2(dθ2 + sin2 θdφ2) +
dr2

1 − kr2
]

Alain Blanchard The shape of the universe and cosmological parameters estimation.



Basics of cosmology

Robertson-Walker metric

ds
2 = −c

2
dt

2 + a(t)2[r2(dθ2 + sin2 θdφ2) +
dr2

1 − kr2
]

and :

General Mattig relation

r = Sk

(
∫ t0

tS

cdt

a(t)

)
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Basics of cosmology
Dynamic

We can derive dynamical equation for a(t) from Newtonian
consideration (with ρ+ 3P as the source of gravity):
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Basics of cosmology
Dynamic

We can derive dynamical equation for a(t) from Newtonian
consideration (with ρ+ 3P as the source of gravity):

Newtonian dynamic:

ȧ
2
− K =

8πG

3

∑

ρa2.

(see Mukhanov’s book)

General Relativity

K = kc
2

so
Ωk = 1 −

∑

Ωcontents
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Testing GR at cosmological scales

so testing:

Ωk = 1 −

∑

Ωcontents

is testing GR on large scale at the background level

So we can define :

Ωkgeo = −
kc2

(a0H0)2

and
Ωkdyn = 1.−

∑

Ωcontents

and use SNIa, CMB, BAO to constrain these quantities.
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With different equation of state

w = -0.8
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With different equation of state

w = -1.2
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With different equation of state

w = marginalized
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Conclusion

Testing general relativity at cosmological scale

This is a test at the background level

GR+Λ is well

Ωkgeo = −0.008 ± 0.005

Ωkdyn = −0.04 ± 0.05

A third fluid with w = −1/3 would lead to strong
degenerescence

Thank You
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