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 Using a velocity field of a 
isotropic expansion which is 

proportional associated to the 
Hubble‘s law:  



GR Newton 
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Large scale structure formation 
1. Cosmic structures formed during the matter dominated epoch, 
i.e., background dynamics effectively described by a Einstein-de-
Sitter universe. 

      

 

2. What type of cosmic structures?  

-> Dark matter halos and baryons both assumed to be pressureless 
fluids, i.e., p=0.  

-> Vanishing speed of sound! 
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       Pressure effects?  
      neo-Newtonian Cosmology 

1. (Active)-Gravitational mass-energy density  

2. Inertial and (Passive)-Gravitational mass-energy density  



Representing it as a set of fluid equations 

Again, identifying the velocity  
field with the Hubble´s Law  
expansion: 

GR 
Neo-
Newton 



Is there the same equivalence for a             
non-expanding system? 



• Newtonian hydrostatic equilibrium (Lane-Emden) 



• Hydrostatic equilibrium - GR 

(Tolman-Oppeinheimer-Volkof - TOV) 

Energy momentum conservation 

(0-0) 

(r-r) 



   • Neo-Newtonian hydrostatic equilibrium  

• arXiv:  1409.7385 

 

Where automatically there is an equivalent definition for mass (or a kind of) 

Having in mind the definition used in both the Newtonian and Relativistic cases 



Neutron stars seem to be the ideal situation in which we can test 
whether the equivalence between GR and the neo-Newtonian 

formalism still holds for NON EXPANDING configurations.  





Testing simple Neutron star configurations:  
Pure neutrons - Fermi gas equation of state  



More realistic scenario for Neutron stars:  
Pure neutrons - Fermi gas equation of state with 

nucleon-nucleon interactions 



Final Remarks 

• Cosmology can be studied in a much 
simpler formalism: Newtonian or neo-
Newtonian  

• This demands a deeper understanding of 
hydrodynamics., i.e., how to properly 
include pressure effects. 

• The well known equivalence (classical-
relativistic) in cosmology clearly breaks 
down for a non-expanding system.  


