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Abstract. We investigate in detail the compression modulus of nuclear matter as a function of the
effective nucleon mass. We include consistently in our modelling chemical equilibrium as well as
baryon number and electric charge conservation and investigate properties of neutron stars. Among
other predictions, we focus on the dependence of the maximum mass of a sequence of neutron stars
as a function of the compression modulus and the nucleon effective mass.

LAGRANGIAN DENSITY FORMALISM

The compression modulus has a crucial influence on the dynamics of a broad class of
phenomena related to fundamental properties of the equation of state (EoS) for symmet-
ric nuclear matter. From its basic definition, the dynamics of small fluctuations of density
around its equilibrium point becomes solely controlled by the compression modulus.
There are many attempts in determining the compression modulus of nuclear matter,
such as the excitation of the isoscalar giant-monopole resonance[1], non-relativistic ap-
proaches within the Hartree-Fock approximation[2] or relativistic formulations based
mainly on hadrodynamical models[3]. Values of the compression modulus found vary
aroundK = (210−220)MeV in non-relativistic formulations andK = (220−300)MeV
in relativistic approaches. Presently, its value is believed to lie in the range between 220
and 250 MeV[4]. In this work, we focus our analysis on the dependence of the maxi-
mum mass of neutron stars as a function of the compression modulus and the nucleon
effective mass. The starting point of our investigation is the lagrangian density[5]

L = L f ree +∑
B
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(
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which describes a system of eight baryons (B = p, n, Λ, Σ−, Σ0, Σ+, Ξ−, Ξ0) coupled to
three mesons (σ , ω, ρ) and two leptons (e,µ). The effective coupling constants param-
eterize nonlinear self-couplings of the mesons to the baryons. Explicitly they are given
by g�

σλ B ≡ m�
λ Bgσ ; g�

ωβB ≡ m�
βBgω ; g�
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nB ≡ (1+ gσ σ
nMB

)−n ; n = λ ,β ,γ ,

with λ , β andγ as real and positive phenomenological numbers. From the definition of

479



the compression modulus, the pressure of nuclear matter at saturation density vanishes,
which yieldsK = 3k0dµ/dk|

k=k0
. As the chemical potential is a function ofk andσ , its

derivative with respect tok is given asdµ/dk = (∂ µ/∂σ)(dσ/dk)+∂ µ/∂k. Explicitly

we have∂ µ
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To find the contribution of thedσ/dk term, we consider the role of theσ self-
consistently[5], via f (σ ,k) ≡ m2

σσ + F(σ)ρs + G(σ)m∗
β

gω
m2

ω
ρ2 ; F(σ) and G(σ)

are mean-fieldσ-dependent functions[5]:F(σ)
gσ

= −m∗
λ + gσ σ

M (m∗
λ )(λ +1)/λ ; G(σ)

gσ gω
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− (m∗
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M , and we apply the conditionf (σ ,k) = 0 to obtain dσ
dk = −(∂ f /∂k)σ

(∂ f /∂σ)k
,

in a explicit form. Combining these results, we finally get an explicit dependence
of the compression modulus of nuclear matter on the nucleon effective mass:
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, where
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RESULTS AND CONCLUSIONS

From the definition of the effective coupling constants, our effective model allows to
control the intensity of the scalar, vector and isovector mean-field potentials. Variations
of parameters allow to obtain values ofS, V, M∗ andK, which correspond to the inter-
mediate regions of values of Walecka, ZM3 and ZM models, for instance. We found the
range of possible values for the parameters of the theory is fairly restricted. Due to the
form of the new couplings, there occurs a rapid convergence to exponential forms: forλ
and/orβ = γ > 2 the results of this model do not strongly differ from the results of the
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FIGURE 1. Left panel: comparison of the compression modulusK of nuclear matter with the ratio
M∗/M for the S and S-V cases. The box indicates the range of acceptable values. Right panel: maximum
neutron star mass as a function of the compression modulus (left curves) and nucleon non-linear mass
at saturation (right curves). The solid lines corresponds to variations of the parameterλ keeping the
parametersβ = γ = 0 (S case) and the dashed lines to variations ofλ , keepingβ = γ = λ (S-V case).

model with exponential couplingsg�
σλ B

λ→∞−→ e−
gσ σ
MB gσ ; g�

ωβB
β→∞−→ e−

gσ σ
MB gω ; g�

ργB
γ→∞−→

e−
gσ σ
MB gρ . We consider two cases: i) variations ofλ keepingβ = γ = 0; this is case S

(scalar) because the contributions corresponding toσ −ω andσ − ρ interactions are
not taken into account; it contains the results of the Walecka and ZM models; ii) varia-
tions ofλ , keepingβ = γ = λ ; this is case S-V (scalar-vector) because the contributions
corresponding toσ −ω andσ − ρ interactions are taken into account ; Walecka and
ZM3 models belong to this category. (The most simple version of a RMF approach,
the Walecka model, belongs to both categories because in this model theλ , β andγ
parameters vanish.)

As a novel result (see the figures), we have obtained an explicit dependence of the
compression modulus of nuclear matter on the nucleon effective mass. Our results show
that a fixed value of the compression modulus corresponds to very close values of the
maximal neutron star mass; opposite to that, different values of the star mass correspond
to close values of the nucleon effective mass. From these findings, the main conclusion
we arrive is that predictions of neutron star properties based mainly on the compression
modulus are more model independent than those based on the nucleon effective mass.
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