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Tightening down Dark Energy properties

Tools

Laboratory experiments. limited

Solar system test. ...

Galactic level. NL ...

Cosmological scales:Let’s go for it!

Euclid! ( red book : arXiv:1110.3193)

Alain Blanchard Investigating dark gravity



Astrophysical point of view

Testing cosmology at the background level
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Astrophysical point of view

Testing cosmology at the background level
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Testing cosmology at the (linear) perturbation level

G (z)δ(z) = G (z)δ0 growth factor
dln(G)
dln(a) ∼ Ωγ

m(a)

γ is the growth index (γ ∼ 0.55 in ΛCDM)
Weak Lensing, RSD, Clusters
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One comment about the contents...
Friedmann-Lemaître equation:
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Friedmann-Lemaître equation:

(

Ṙ

R

)2

=
8πGρm

3
+

8πGρDE

3
−

kc2

R2

The split between ρm and ρDE is not (gravitationally) testable
(Kunz 2009)
Just use it as a parametrization.
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Precision cosmology area: curvature
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A Cosmological Test of GR at the background level
Dynamic

One can derive dynamical equation for a(t) from Newtonian
consideration
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2 + K =
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3

∑

ρa2.

(see Mukhanov’s book)
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A Cosmological Test of GR at the background level
Dynamic

One can derive dynamical equation for a(t) from Newtonian
consideration

Newtonian dynamic:

ȧ
2 + K =

8πG

3

∑

ρa2.

(see Mukhanov’s book)

General Relativity

K = c
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 = −

k

(a0H0)2

and
Ωkdyn = 1.−

∑

Ωcontents

and use SNIa, CMB, BAO to constrain these quantities.
Yves Zolnierowski & AB, arXiv:1503.00111, Phys. Rev. D 91,
083536 (2015)
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With w free

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04
Ωkgeo

Ω
k d

yn

Alain Blanchard Investigating dark gravity



With w free
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With Euclid (forecasting)
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Conclusion

We do not have (yet) a direct measurement of the
curvature of the universe...

Alain Blanchard Investigating dark gravity



Conclusion

We do not have (yet) a direct measurement of the
curvature of the universe...

It is possible to test one prediction of GR relating
curvature to contents

Alain Blanchard Investigating dark gravity



Conclusion

We do not have (yet) a direct measurement of the
curvature of the universe...

It is possible to test one prediction of GR relating
curvature to contents

Euclid will allow to test gravity at cosmological scale in
many ways, including this test

Alain Blanchard Investigating dark gravity



Conclusion

We do not have (yet) a direct measurement of the
curvature of the universe...

It is possible to test one prediction of GR relating
curvature to contents

Euclid will allow to test gravity at cosmological scale in
many ways, including this test

This can/should be complemented by other data from
cosmological relevance (CMB, H0, ż , t(z), ...)
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Conclusion

We do not have (yet) a direct measurement of the
curvature of the universe...

It is possible to test one prediction of GR relating
curvature to contents

Euclid will allow to test gravity at cosmological scale in
many ways, including this test

This can/should be complemented by other data from
cosmological relevance (CMB, H0, ż , t(z), ...)

Thank You
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