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Abstract. High density hadronic matter is studied in a generalized relativistic multi-baryon la-
grangian density. By comparing the predictions of our model with estimates obtained within a phe-
nomenological naive dimensional analysis based on the naturalness of the coefficients of the theory,
we show that naturalness plays a major role in effective field theory and, in combination with ex-
periment, could represent a relevant criterium to select a model among others in the description of
global static properties of neutron stars.

NATURALNESS OF EFFECTIVE FIELD THEORY

We consider an interaction lagrangian model for high density nuclear matter[1, 2] which
contains the isoscalar-scalar meson fieldσ , the isoscalar-vector meson fieldω and the
isovector-vector meson fieldρ coupled to the nucleon fieldψ
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hereΓ is a Dirac matrix. After extraction of the dimensional and counting factors, the
overall dimensionless coefficients are of orderO(1) if naturalness holds,Cl mn p ∼ 1,
resulting in the following expression
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One may compare term by term of the generalized relativistic mean field approach
developed in Ref.[3] against the corresponding terms in the natural limit of effective
field theory (Eq. 2). The second term of the following expression[2, 4], withgσ denoting
the scalar coupling constant
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where the following values are understood:m = 1, n = p = 0 andΛ = MN , giving for
the corresponding coupling constant

∼C1100

(
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)
ψ̄σψ = 10.09677C1100ψ̄σψ , C1100∼ gσ

10.09677
∼ 1.

This example indicates the 1100 term has a natural coupling withC1100∼ 1. The same
result holds for the other terms.

In the description of properties of nuclear matter we consider the lagrangian density[3]
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whereωµν = ∂µων −∂νωµ andρµν = ∂µρν −∂νρµ . The isospin extension is necessary
due to the large isospin-asymmetry in neutron matter. This lagrangian density describes
a baryon octet (B = p,n,Λ,Σ−,Σ0,Σ+,Ξ−,Ξ0) coupled to four mesons (σ , ω, ρ andδ)
and two leptons (e,µ) and contains a gradient coupling involving the baryons and the
scalar-isoscalar and scalar-isovector meson fields. The different steps of our formulation
may be synthesized as follows. We first introduce a re-scaling of the baryons and the

ω and ρ meson fields:φ →
[
1+ (gσ σ+gδ�τB·�δ)

α MB

]−α/2

φ with φ = ψB,ωµ ,ρµ . Further

we combine the resulting expressions with the previous ones and define new coupling
constants:g�
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κ B ≡
(1+(gσσ +gδτ3Bδ3)/κM)−κ , with (κ = α ,β ,γ) whereτ3B is the third component of
the baryons isospin vectors�τB andσ andδ3 are, respectively, the mean field components
of theσ andδ mesons. The effective baryon mass is defined as
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Up to first order inσ and in the limitα = 1, η = 0 andgδ = 0, the re-scaled Lagrangian
gives for the effective nucleon mass the well known Yukawa minimal couplingM∗

N �
MN −gσσ . In our calculationsgδ = 0.
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FIGURE 1. On the left panel, predictions of our model for the gravitational red-shift of neutron stars.
On the right panel, maximum mass of neutron matter as predicted by our model as a function of the central
density. Compared are the results of our model (A) with the ZM model.

RESULTS AND CONCLUSIONS

Our results indicate that, for our modelling of nuclear matter and neutron stars, natural-
ness holds. In particular, our predictions indicate, in comparison with recent experimen-
tal results for the mass and red-shift of neutron stars[7], that naturalness puts stringent
constraints on observables in effective models, and therefore might be an useful indicator
to discriminate current relativistic models of nuclear and neutron star matter.
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