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Historical remarks: Λ

Introduction by Einstein...

after Newtonien considerations!

∇2ϕ− λϕ = 4πGρ

Lemâıtre discussed the astrophysical need for Λ (age problem).
Then :

Λ ≡ Vacuum
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Λ as the contribution from Vacuum

dE = −PvdV
E = ρvVc2 so dE = ρvdVc2 = −PvdV

i.e.

w = −1
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Hubble diagramm

Hubble 1929...

Evidence for the expansion...
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Hubble diagramm

SCP, HZT...

Evidence for the acceleration...
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Evidence for acceleration ?

SNIa evolution ∆me = K∆t ?

why? why not ?

Degeneracy with cosmological constant!
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Clusters ?

M/L argument: ρM = ρL ×M/L

Clusters occupie ∼ 10−5 of the volume of the universe...

Cluster abundance evolution?

Controversial...
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Cluster abundance evolution

X-ray clusters are the preferred ones...

– fx and Tx can be measured with good accuracy.

– x-ray clusters can be detected up to z ≥ 1.

– Selection function is understood (?).

Optical, SZ, weak lensing are alternatives encoding the same
information.

Alain Blanchard, LATT, Toulouse The fifth Element: Astrophysical status of dark energy A&A Review (to appear soon)



Cluster abundance evolution

X-ray clusters are the preferred ones...

– fx and Tx can be measured with good accuracy.

– x-ray clusters can be detected up to z ≥ 1.

– Selection function is understood (?).

Optical, SZ, weak lensing are alternatives encoding the same
information.

Alain Blanchard, LATT, Toulouse The fifth Element: Astrophysical status of dark energy A&A Review (to appear soon)



Cluster abundance evolution

X-ray clusters are the preferred ones...

– fx and Tx can be measured with good accuracy.

– x-ray clusters can be detected up to z ≥ 1.

– Selection function is understood (?).

Optical, SZ, weak lensing are alternatives encoding the same
information.

Alain Blanchard, LATT, Toulouse The fifth Element: Astrophysical status of dark energy A&A Review (to appear soon)



Cluster abundance evolution

X-ray clusters are the preferred ones...

– fx and Tx can be measured with good accuracy.

– x-ray clusters can be detected up to z ≥ 1.

– Selection function is understood (?).

Optical, SZ, weak lensing are alternatives encoding the same
information.

Alain Blanchard, LATT, Toulouse The fifth Element: Astrophysical status of dark energy A&A Review (to appear soon)



Cluster abundance evolution

X-ray clusters are the preferred ones...

– fx and Tx can be measured with good accuracy.

– x-ray clusters can be detected up to z ≥ 1.

– Selection function is understood (?).

Optical, SZ, weak lensing are alternatives encoding the same
information.

Alain Blanchard, LATT, Toulouse The fifth Element: Astrophysical status of dark energy A&A Review (to appear soon)



Cluster abundance evolution

X-ray clusters are the preferred ones...

– fx and Tx can be measured with good accuracy.

– x-ray clusters can be detected up to z ≥ 1.

– Selection function is understood (?).

Optical, SZ, weak lensing are alternatives encoding the same
information.

Alain Blanchard, LATT, Toulouse The fifth Element: Astrophysical status of dark energy A&A Review (to appear soon)



Clusters abundance

n(M, z) = − ρ

M2σt(M)
δNL

d lnσ

d ln M
F(νNL)

with : σt(M) = D(t)σ0(M) and νNL = δNL(t)
σt(M)

A (potential) probe of D(t) (sensitive to Ωm)

sensitive to σ8 but degeneracy with calibration of the M − T
relation.
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Clusters Mass-temperature relation

connection to the observable quantities:

T = ATMM
2/3
15 (ΩM(1 + ∆)/179)1/3h2/3(1 + z) keV

use observed N(T )

Alain Blanchard, LATT, Toulouse The fifth Element: Astrophysical status of dark energy A&A Review (to appear soon)



Clusters Mass-temperature relation

connection to the observable quantities:

T = ATMM
2/3
15 (ΩM(1 + ∆)/179)1/3h2/3(1 + z) keV

use observed N(T )

Alain Blanchard, LATT, Toulouse The fifth Element: Astrophysical status of dark energy A&A Review (to appear soon)



Clusters Mass-temperature relation

connection to the observable quantities:

T = ATMM
2/3
15 (ΩM(1 + ∆)/179)1/3h2/3(1 + z) keV

use observed N(T )

Alain Blanchard, LATT, Toulouse The fifth Element: Astrophysical status of dark energy A&A Review (to appear soon)



σ8 − ATM

Ωm = 0.3
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Clusters abundance evolution

Conclusion

:

evolution of the abundance of clusters is inconsistent
with standard scaling in Λ CDM... (controversial).
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Clusters abundance evolution: 2000
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Clusters abundance evolution: 2000
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Clusters abundance evolution: 2010

Delsart, Blanchard & Barbosa, 2010
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Clusters abundance evolution

Conclusion :

evolution of the abundance (N(T ), n(fx , z)...) of
clusters is inconsistent with standard scaling in Λ
CDM... (controversial).
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CMB

EdS but non power law fluctuations...

Blanchard et al. 2003 Hunt & Sarkar 2007
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But...

It is becoming almost impossible to build crazy
models which pass observational constraints!

J.Peacock (Benasque 2010)

meaning ΛCDM is not to be regarded as a crazy
model...
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Consequence of inhomogneneities?

Back reaction effect.

Serious and non-trivial question in GR:

would many local Schwarzschild metrics glue
together to get FLRW models?
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Consequence of inhomogneneities?

Not being an expert in GR...

g̃αβ = gαβRW (1 + hαβ.)

hαβ are small even today.
Would FL equation be significantly modified ?(

ȧ

a

)2

=
8πGρ

3
(1 + F (hαβ))

with:
F (hαβ)� 〈h2〉 or even 〈h〉
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LTB Models

∼ Spherical Large Scale inhomogeneity

Hubble diagram can be reproduced.

Testable: CMB Cl+ P(k)

+ CMB spectrum + SZ from clusters + ...
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Precision Cosmology

Reid et al. 2009
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Successes of ΛCDM

Good fit to most data...
Ability to make prediction(s) that were verified!

Alain Blanchard, LATT, Toulouse The fifth Element: Astrophysical status of dark energy A&A Review (to appear soon)



Successes of ΛCDM

Good fit to most data...

Ability to make prediction(s) that were verified!

Alain Blanchard, LATT, Toulouse The fifth Element: Astrophysical status of dark energy A&A Review (to appear soon)



Successes of ΛCDM

Good fit to most data...
Ability to make prediction(s) that were verified!

Alain Blanchard, LATT, Toulouse The fifth Element: Astrophysical status of dark energy A&A Review (to appear soon)



Successes of ΛCDM

Good fit to most data...
Ability to make prediction(s) that were verified!

Alain Blanchard, LATT, Toulouse The fifth Element: Astrophysical status of dark energy A&A Review (to appear soon)



SNIa evolution ?

MCMC on CMB, P(k), SNIa+evolution ∆me = K∆t

Ferramacho et al. 2009
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Conclusions

Successes of ΛCDM

No need for w 6= −1...

We need something in the gravitational sector ...
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