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 The strongly interacting matter at extreme conditions is not fully understood (quark-gluon
plasma, hyperons, color superconductivity, effect of magnetic fields…)

 No fundamental theories at low temperature and large densities. Effective models are useful in
this context.
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 A natural high density regime: (neutron, quark, hybrid) stars

 One of the densest objects in the universe

 Around 6 to 8 times saturation density,



  

Effective hadronic models

5

 Different options for constructing hadronic models:

 Microscopic models (ab-initio) in which the nucleon-nucleon interaction is the starting point.
Free parameters adjusted for reproducing deuteron data, for instance.

 Phenomenological models based on the mean-field approximation. Thermodynamics
constructed from known data of infinite nuclear matter and/or finite nuclei. 

 Examples:

- Skyrme model:



  

Effective hadronic models
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- Gogny model:



  

Effective hadronic models
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- Relativistic mean-field models:



  

Effective hadronic models
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 Typical van der Waals behavior



  

van der Waals-type models for nuclear matter
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 Classical van der Waals model

- repulsion (excluded volume)

- attraction



  

van der Waals-type models for nuclear matter
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 Is it possible to convert this model for describing nuclear matter?

 Yes, it is:

where                                                         M  is the nucleon rest mass.

 2 free parameters to find: a, b.

 Found by imposing the correct values for binding energy and saturation density



  

van der Waals-type models for nuclear matter
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 Result:



  

van der Waals-type models for nuclear matter
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 Generalizing the expressions: 

- rearrangement term:

- Carnahan-Starling (CS):  

- other real gases:



  

van der Waals-type models for nuclear matter
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 Some problems:



  

van der Waals-type models for nuclear matter
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 Proposal:



  

Short-range correlations

 Inclusion of short-range correlations (SRC) in the hadronic side:
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Short-range correlations

 Consequence in single-nucleon momentum distribution:

modification in momentum integrals of relativistic mean-field (RMF) models:
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Clausis model with SRC

 Energy density and pressure:
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 Free constants: a, b, c, d. Nuclear bulk parameters: binding energy, saturation density,
incompressibility and symmetry energy

Clausius-CS model with SRC:
CCS-SRC



  

Clausis model with SRC

 Sound velocity:
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Clausis model with SRC

 Density dependence of the pressure:
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Clausis model with SRC

 Symmetry energy and slope:
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Clausis model with SRC

 Mass-radius profiles of neutron stars. TOV equations:
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Clausis model with SRC

 Tidal deformability: quantifies how easily the star is deformed when subject to an external
tidal field.
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Clausis model with SRC

 Results:
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Conclusions

short-range correlations shift the break of causality to a higher density region.

short-range correlations increase the symmetry energy slope.

it is possible to generate parametrizations in agreement with observational data from NICER
and LIGO/Virgo collaboration.

tidal deformabilities related to the GW170817 event also reproduced.
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Thank you very much !
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