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How to use clusters for Cosmology
(from clusters abundance)

Recipe

Chose your cosmological framework (ΛCDM: Ωm, Ωb, ns ,...)

Have your Boltzmann code ready for it: CMBFAST, CAMB,
CLASS, ...

You can then compute P(k) and σ(m, z)

Use the magic of (e)Press-Schechter...

The mass function follows a scaling law:

n(M) = −
ρ

M2σ(M)
δNL

d lnσ

d lnM
F(νNL)
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The beauty of the mass function...

Despali et al. 2015
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Planck(2013) chose a calibration 1 − b for clusters (plus
some priors).
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Fitting the X-ray temperature function at z ∼ 0.05

Ilic, Blanchard & Douspis 2015
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Degeneracy on astrophysical parameters

Douspis & Blanchard 2005
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The cluster-CMB tension (in ΛCDM)

No sign of systematics between x-ray clusters (z ∼ 0.05) and SZ
clusters (z ∼ 0.25)
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Going from mass to observables

Scaling laws

T = AT−M(hM∆)
2/3

(

Ωm∆(z)
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)1/3

(1 + z)

Sν(x ,M , z) ∝ ...((1 − b)M15)
5/3...

Planck(2013) chose a calibration (plus some priors).

No calibration, no tension...But infer the calibration!
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Sakr, Ilic & Blanchard(2018)
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How strong is the tension ?

The ”tension” corresponds to a deficit by a factor ∼ 3.
SZ: ≈ 6σ
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What could be the solution?

Astrophysics

Calibration issue.

New physics

Massive neutrinos (change P(k), growth rate, ...)

Modification in the gravitational sector (MG).
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Effect of the presence of massive neutrinos

X-ray
Adding BAO (green), adding Lymanα (red), combined (grey)

Massive neutrinos do not seem to help.
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Modifying growth rate

X-ray
Growth rate with a γ parametrization.

Robust correlation between γ and ATM .
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Final comparison (X-ray)

Planck CMB calibration versus Planck Clusters calibration

Planck cluster calibration if confirmed would favors MG...
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Modifying growth rate & massive neutrinos

X-ray+SZ
Growth rate with a γ parametrization.
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Modifying growth rate & massive neutrinos

X-ray
Growth rate with a γ parametrization.

−1.6 −0.8 0.0 0.8 1.6 2.4 3.2
γ0MG

0.0

2.5

5.0

7.5

10.0

12.5

15.0

A
T
M

CMB + X, free 
∑

mν, free γ

Alain Blanchard, Paris, 25/10/2018



Modifying growth rate & massive neutrinos

X-ray
Growth rate with a γ parametrization.

−1.6 −0.8 0.0 0.8 1.6 2.4 3.2
γ0MG

0.0

2.5

5.0

7.5

10.0

12.5

15.0

A
T
M

CMB + X, free 
∑

mν, free γ

0.00 0.25 0.50 0.75 1.00 1.25
γ0
MG

0.30

0.45

0.60

0.75

0.90

1.05

1.20

(1
−
b)
S
Z

CMB + SZ, free 
∑

mν, free γ

Alain Blanchard, Paris, 25/10/2018



Modifying growth rate & massive neutrinos

X-ray+SZ
Growth rate with a γ parametrization.

−1.6 −0.8 0.0 0.8 1.6 2.4 3.2
γ0MG

0.0

2.5

5.0

7.5

10.0

12.5

15.0

A
T
M

CMB + X, free 
∑

mν, free γ
CMB + SZ + X, free 

∑
mν, free γ

0.00 0.25 0.50 0.75 1.00 1.25
γ0
MG

0.30

0.45

0.60

0.75

0.90

1.05

1.20

(1
−
b)
S
Z

CMB + SZ, free 
∑

mν, free γ
CMB + SZ + X, free 

∑
mν, free γ

Alain Blanchard, Paris, 25/10/2018



Modifying growth rate & massive neutrinos

X-ray+SZ
Growth rate with a γ parametrization.
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role on this issue.

A definitive (reliable) calibration of

clusters close to Planck’s one would be

the sign of new physics of the dark sector

(MG?)

Not something simple...
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