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at high density. In fact, it is well known that TNIs are essential to reproduce the experimental bind-
ing energy of few-nucleon (A = 3, 4) systems and the empirical saturation point (n0 = 0.16 fm−3,
(E/A)0 = −16 MeV) of symmetric nuclear matter [7]. As shown by various microscopic calcula-
tions [8–11] of the EoS of β-stable nuclear matter based on realistic nucleon-nucleon (NN) interac-
tions supplemented with TNIs, it is possible to obtain NSs with maximum mass Mmax > 2 Msun,
thus in agreement with presently measured masses. However, the value of Mmax strongly depends on
the TNIs strength at high density [11], thus indicating that few-body nuclear systems properties and
nuclear matter saturation properties can not be used to constrain TNIs at high density. In addition, it is
convenient to remark that the central density for the maximum mass configuration for these nucleon
stars is in the range nc(Mmax) = (6 – 8) n0.

2. Hyperon stars

At these high densities hyperons are expected among the stellar constituents. The reason for
hyperons formation is very simple, and it is mainly due to the fermionic nature of nucleons, which
makes the neutron and proton chemical potentials very rapidly increasing functions of the density. As
soon as the chemical potential µn of neutrons becomes sufficiently large, the most energetic neutrons
(i.e. those on the Fermi surface) can decay via the weak interactions into Λ hyperons and form a
new Fermi sea for this hadronic species with µΛ = µn. The Σ− can be produced via the process
e− + n → Σ− + νe when the Σ− chemical potential fulfill the condition µΣ− = µn + µe (we consider
neutrino-free matter [1]). Other hyperons can be formed with similar weak processes.

To study the influence of hyperons on NS structure, we performed [12] a Brueckner-Hartree-Fock
(BHF) calculation of the EoS of hyperonic matter using: the Argonne v18 (Av18) NN interaction [13];
the TNI used in [9] to reproduce the empirical nuclear matter saturation point; the Nijmegen ESC08b
potential [14] to describe the hyperon-nucleon (YN) interaction. No YY interaction and no three-body
interactions of the type hyperon-nucleon-nucleon (YNN), YYN and YYY have been considered.
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Fig. 1. Chemical potentials (upper panel) and concentrations (lower panel) of the different stellar constituents
in β-stable hyperonic matter as a function of the total baryon density.

The chemical potentials µi for the different stellar constituents calculated in this scheme are
shown in Fig. 1 (upper panel). The onset of Λ (Σ−) occurs at n = 0.35 fm−3 (0.64 fm−3), thus at
a density well below the central density, nmaxc = 1.02 fm−3, for the nucleon star Mmax configuration
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A-dependence of Nuclear Binding Energy per Nucleon 
 

 

 
 

Semi-empirical Mass Formula 
 

 
 



Measured Nuclear Charge Densities 
 

 

 


