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Introduction : Final word

Clusters are unique objects in astrophysics:

◮ Baryons content can be estimated

◮ Metals content can be estimated

◮ Mass content can be estimated

in redundant ways

→ fundamental probes for cosmology
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Cluster mass function

Let’s first define clusters...
From previous pictures, it is not clear...
By convention, clusters are defined as regions with contrast density
above some threshold:

< ρc >

ρr
> 1 + ∆th

Which geometry (spheres, friend-of-friend, ...) ?
Which reference density (ρr )? ρu(z),ρc(z)
Which reference contrast (∆th)? ∆v , 178, 200, 500, 2000...
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Cluster mass function

Press and Shechter (1974) formalism:

Clusters with mass > M arise from initial regions with mass > M

and initial fluctuation νσ(M) above some threshold δs (PS used
spherical model)
PS works pretty well with 0 free parameter!

N(M) = −
ρ

m2σ(M)
δs

d log σ

d logM
F(

δs
σ(M)

)

Modern variants: Sheth and Tormen (1999), Jenkins et al. (2001),
Tinker et al. (2008), Crocce et al. (2010) ...
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Cluster mass function

The potential of clusters mass function

N(M, z) = −
ρ

m2σ(M)
δs

d log σ

d logM
F(

δs
σ(M)

)

estimation of σ(M) ↔ P(k)
estimation of σ(M, z)) → growing rate of fluctuations.
Test beyond geometrical characterisation of the universe.
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From mass to observables

Cluster mass M is not an observable quantity...
The self-similar hypothesis comes in (Kaiser, 1986).
The mass is :

M∆ =
4π

3
Ωmρ0(1 + z)3(1 + ∆)R3

∆

so that M and z are the only two numbers to characterize a
cluster. (you can add further ingredients like c NFW concentration
parameter, ν...)
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From mass to observables

Application to the x-ray temperature:

Tx ∝
GM∆

R∆

so that:
Tx = ATMM

2/3(1 + z)(Ωm∆/178)1/3

(this depends on the choice of ρr ).
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From mass to observables: applications

Measuring local matter fluctuations:

Evard et al (2002), Pierpaoli et al. (2003), Seljak (2002), Vauclair
et al. (2003), Viana et al. (2003)
Consistency and degeneracy...
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From mass to observables: troubles...

Let do the same for the x-ray luminosity (Bremstrahlung):

Lx ∝ n
2
VT

1/2

leading to :
Lx ∝ M

4/3(1 + z)7/2 ∝ T
2(1 + z)

Observations leads to Lx ∝ T
3!

Gas in clusters needs extra heating.
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From mass to observables: not so much trouble?

Scaling of the gas content:

So clusters may be self-simlar after all...
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Cluster gas physics

Rather than using clusters to constraint the Cosmology, why not
using the Cosmology to constraint the physical state of clusters ?
Let’s assume:

Tx = ATMM
2/3(1 + z)(Ωm∆/178)1/3(1 + z)α

Try to estimate ATM and α.
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Non standard evolution of M − T seems to be favored (P.Delsart & AB).
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Cluster gas physics

Use CosmoMC on SNIa+P(k)+CMB + N(Tx)

Estimates ATM and α:

ATM = 7.6± 0.67 keV and α = −0.614± 0.155 (SMT)
ATM = 8.3± 0.67 keV and α = −0.59± 0.15 (Tinker)

Evidence for M − T scaling law non-standard evolution.
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Consequences

Use scaling laws for the SZ signal:
Y ∝ Mg × Tg so :

Y = 1.816.10−4ξATM fBM
5/3

h
8/3

(

ΩM

∆(z ,ΩM)

178

)1/3

(1+z)1+α
D

−2

Estimate anticipated number counts
However

Tg may 6= Tx → ξ
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Number counts:
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Conclusions

◮ Clusters are the only astrophysical objects of cosmological
relevance on which we have access to so much information.

◮ They are sensitive to the growing rate of perturbations.

◮ They can provide information on both cosmology and baryon
history

◮ Within the ΛCDM there are evidence for non-standard
evolution of the M − T relation, i.e. significant energy
injection at low redshift.
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