Proto-Neutron Stars with Delta-Resonances Using
the Zimanyi-Moszkowski Model
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In this work we have obtained the equation of state to be used in the study of the structure of protoneutron stars. To this end, we adopted the model of Zimanyi-Moszkowski (ZM) in the mean field
approximation. We analyse the effects of the trapped neutrinos on the equation of state during
the initial formation of a neutron star. We determine the Mass×Radius diagram of proto-neutron
stars including the delta resonances in the baryonic sector and trapped neutrinos. The result is
compared with that for the formed neutron star after the cooling phase, without trapped neutrino
in the stelar medium.
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1. Introduction

2. The Model
We consider in the calculations the 1/2-spin baryon octet (n, p, Λ0 , Σ− , Σ0 , Σ+ , Ξ− , Ξ0 ), the
3/2-spin baryonic resonances represented by the delta-matter (∆− , ∆0 , ∆+ , ∆++ ) and Ω− , in the
baryonic sector [4, 5], and electrons, muons and trapped neutrinos in the leptonic sector. We have
adopted the Zimanyi-Moszkowski (ZM) model [6] with the Lagrangian density given by L =
LF + LI , where
LF =

∑ ΨB (iγµ ∂ µ − MB )ΨB + ∑ Rζ ν (iγµ ∂ µ − Mζ )Rνζ
B
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is the Lagrangian density term for free baryons, electrons, muons and neutrinos (λ = e− , µ − , νe ,
ν µ ), and σ , ω and ρ meson fields. In addition, the interaction Lagrangian has the form
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LI = ∑ ΨB mB gσ B σ − gωB γµ ω − gρB γµ τ · ρ ΨB
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+ ∑ Rζ ν mζ gσ ζ σ − gωζ γµ ω − gρζ γµ τ · ρ Rνζ .
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ζ
In the equations above the operator ΨB represents the Dirac spinor describing the baryon-octet,
with B = n, p, Λ0 , Σ− , Σ0 , Σ+ , Ξ− , Ξ0 . The operator Rζ ν is the Rarita-Schwinger spinor [7], with
ζ = ∆− , ∆0 , ∆+ , ∆++ , Ω− . The effective baryon mass Mi∗ for this model is defined by Mi∗ = Mi −

−1
σiσ
.
m∗i gσ i σ , where m∗i = 1 + gM
i
In the present work we have varied the quantities α = gω∆ /gωN , β = gσ ∆ /gσ N and γ =
gρ∆ /gρN . For all the analysis we have used the set of coupling constants given in Ref. [6], namely
(gσ N /mσ )2 = 7.487 f m2 , (gωN /mω )2 = 2.615 f m2 , (gρN /mρ )2 = 4.774 f m2 .
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The production of delta-resonances in the dense phase (ρ ≥ 3ρ0 ) of relativistic heavy ion
collisions [1, 2, 3], where ρ0 is the normal nuclear matter density, leads to a great interest in the
study of the delta matter formation in the interior of proto-neutron stars. In the present work the
delta-rich hadronic condensate is studied in the context of a relativistic mean field calculation for
hadrons in beta-equilibrium with the leptons present in the medium. The baryonic sector includes
the complete 1/2-spin octet and delta-resonances with 3/2-spin, which interact by exchange of
scalar, vector and isovector mesons (σ , ω and ρ). In the leptonic sector for the beta-equilibrium
condition it was considered that the neutrinos were trapped in the stellar medium. The purpose
here was to study the effects of neutrino trapping on the equation of state during the initial instants
of neutron star formation.
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3. Results and Conclusions
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Figure 1: Mass-radius diagram obtained for the cases α = 0.6, β = 1.0, γ = 1.0 (part-a) and α = 0.6, β =
1.4, γ = 1.0 (part-b) with (solid lines) and without (dashed lines) neutrinos. The figure shows the results for
the central density 2.0 x 1015 (g/cm3 ).

The Figure 1 shows the obtained mass-radius diagrams for the sets of parameters α = 0.6, β =
1.0, γ = 1.0 and α = 0.6, β = 1.4, γ = 1.0 with and without neutrinos. In conclusion, we remark
that the proto-neutron star has a maximum mass higher that the neutron star, since it has trapped
neutrinos, as can be seen in the figure. Trapped neutrinos tend to stiffen the equation of state,
and thus this explains why the newborn proto-neutron star can support more matter against the
gracitational field, in comparison with a neutron star.
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Using the equation of state obtained by the model described in the last section, we have numerically solved the Tolmann-Oppenheimer-Volkoff (TOV) structure equations [8, 9] in order to
obtain the mass-radius relationship.
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