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RELATIVISTIC NONLINEAR POINT-COUPLING MODELS (NLPC)

 Infinite nuclear matter as well as finite nuclei properties can be described reasonably 
 well within Point-Coupling models [1].

[1] B. A. Nikolaus, T. Hoch, and D. G. Madland
Phys. Rev. C46, 1757 (1992).

We have studied NLPC models described by the following Lagrangian density:

 where only the isovector-scalar and isovector-vector interactions are present. 

 Infinite nuclear matter description.
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 Equations of State (via mean-field approach):

 Vector and scalar densities:

 where          and          are the Fermi-Dirac distributions for particles and anti-particles.
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CONNECTION WITH NONLINEAR WALECKA MODELS (NLW)

 Equivalence between Walecka and Point-Coupling model:

 by mean-field treatment [2] or hypermassive meson limit [3].

[2] A. Delfino, M. Malheiro, and T. Frederico, Braz. J. Phys. 31, 518 (2001); 
G. Gelmini, and B. Ritzi, Phys. Lett. B357, 431 (1995).

[3] O. Lourenço, M. Dutra, A. Delfino, and R. L. P. G. Amaral, Int. J. Mod. Phys. E16, 3037 (2007).
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 The same hypermassive limit does not lead to the NLPC models if we start with the
 NLW models:

We have to deal instead with the following modified models:

 where
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 Fixing the same observables: Saturation density, Binding energy, Incompressibility and
Nucleon Effective Mass

 for both NLW and NLPC models:

T = 0
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T = 10 MeV
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 Critical and Flash parameters:
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 Naturalness: Following the prescription [4]

 we calculated the dimensionless coefficients of

 NLPC:                                                                                                           and

 NLW: 

[4] H. Georgi, An. Rev. Nucl. Part. Sci. 43, 209 (1993).
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TABLE IV: Dimensionless coefficients of the NLPC and NLW Lagrangian densities.



 Proposition: the NLPC dimensionless coefficients can be found by the NLW ones
 through the following relation [5]:

[5] O. Lourenço, M. Dutra, R. L. P. G. Amaral, and A. Delfino
to appear in Phys. Rev C.
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 Following [6,7] we perform the nonrelativistic limit of the NLPC models by rewriting the
 large component (f) of the fermion field Y in terms of the small one (c) in the Dirac 
 equation:

 ,                              ,  e  = E - M

NONRELATIVISTIC LIMIT OF THE NLPC MODELS

[6] A. Sulaksono, T. Bürvenich, J. A. Maruhn, P. -G. Reinhard, and W. Greiner, 
Ann. Phys. 308, 354 (2003).

[7] P. -G. Reinhard, Rep. Prog. Phys. 52, 439 (1989).

' ' '

'
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 The Dirac equation reduces to the Schrödinger equation:

 Vector and scalar densities (up to second order in k/M):

 Hamiltonian (up to second order in k/M):

' ' '

' ' ' ' ' ' '
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 From the Hamiltonian we extract the energy density:

,                   ,                      ,

 It can be compared with the energy density of the Skyrme models [8,9]:

[8] M. Dutra, O. Lourenço, A. Delfino, J. S. Sá Martins, C. Providência, S. S. Avancini, and D. P. Menezes, 
Phys. Rev. C 77, 035201 (2008).

[9] E. Chabanat, P. Bonche, P. Haensel, J. Meyer, and R. Schaeffer, 
Nucl. Phys. A 627, 710 (1997).

' ' ' ' ' ' '
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We chose to use the approximation M + S0 ~ M to compare the models:

COMPARISON WITH SKYRME PARAMETRIZATIONS AND EXACT NLPC 
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OTHER APPROACHES

We can do the same comparisons, defining two other approaches:

 Keeping the definition of the effective nucleon mass in the energy density:

 Expanding the term in the kinetic energy:

 which leads to (up to powers of r 8/3):
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CONCLUSIONS

 For both models (NLPC and Skyrme) the nonrelativistic limit works well up to densities
 close to the saturation density.

 The incompressibility seems to control the agreement between the exact models and 
 its nonrelativistic limit. The higher the incompressibility, the better is the nonrelativistic
 approach to describe nuclear matter.

 Due to the density dependence of the parameter c4(r), the nonrelativistic energy density
 contains higher orders terms in the density when compared with the Skyrme models.

 The connection between the nonrelativistic approach and the Density Functional Theory
 (DFT) is an important scenario to be investigated.
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