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Success of CDM ?

 cdm (a) =  cdm,0 . a -3

P cdm = ω .  cdm . c2

cs
2 =   Pcdm /  cdm

Dark matter : Density

Dark matter :
equation of state parameter

Dark matter :
effective sound speed

ω = 0

cs
2 = 0



Success of CDM ?

BBN Mass to light ratio

Black body CMB



Success of CDM ? :  ω null ??



Success of CDM ? : cs null ??

Cmb peaks



The C in LCDM ?

Peebles vs Zeldovitch

Simulations





Extensions of CDM ?

Neutrinos

Warm Dark Matter

Chaplygin Gas

DM Couplings

ωgdm = P gdm /  gdm ≠ 0 cs
2 =   Pcdm /  cdm ≠ 0

Kopp 2016

Hu 1998



Equations of background and 
perturbations

ωgdm = P gdm /  gdm ≠ 0

cs
2 =   Pcdm /  cdm ≠ 0



Boltzmann code



Boltzmann code – power spectrum



Boltzmann code – power spectrum



Boltzmann code – power spectrum



Linear constraints

Thomas et al. 1601.05097



Linear constraints

Ilic et al. 2004.09572v1



Linear constraints predictions

Tutusaus et al. 1805.06202



Non Linear constraints ?

2 halos term

1 halo term



Press - Schechter formalism….

F(> M) = 2 . p(>δc)

∫ n(M) dM =  ρ/M  .  F(>M)



Spherical collapse model

v ≈ 200



Spherical collapse model

Derivation and calculation of c



c in GDM arxiv.1912.12250



c in GDM arxiv.1912.12250



c in GDM, vary M arxiv.1912.12250

ωgdm = 5.e-4



c in GDM, vary M arxiv.1912.12250

ωgdm = 5.e-4



Spherical collapse model

Calculation of vir



vir in GDM arxiv.1912.12250



vir in GDM, vary M arxiv.1912.12250



Halo mass function

ν = c / σR(z)



HMF in GDM arxiv.1912.12250



Application : cluster counts 



Application : cluster counts 

Χ2  ≈ 11.2 for ΛCDM 

Χ2  ≈ 15.44 for ΛGDM  with  cs
2 = 5. e-7 and ωgdm =  1.e- 4

Χ2  ≈ 79.57  for ΛGDM  with cs
2 = 5. e- 6 and ω gdm =  1.e- 4

arxiv.1912.12250



Application σ8 discrepancy 

Tutusaus et al. 1805.06202



Ilic et al. 2004.09572v1



Stay SAFE 


