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We have used the Simple E�ective Interaction with a Yukawa form factor to study the

neutron star phenomenology. In earlier publications we have reported standard neutron

stars properties such as the mass-radius relationship, crust-core transition, global proper-

ties of the crust and tidal deformability. In this contribution we want to study the ability

of the equations of state built up with this interaction to describe less known properties

of the neutron stars such as the threshold mass for prompt collapse in binary neutron

star merger, the sound velocity in neutron matter and the gravitational redshift, which

are examined in terms of the compactness of the neutron star, the incompressibilty and

the slope of the symmetry energy. Some of the correlations existing between neutron star

properties and the nuclear matter saturation properties have been analyzed and compared

with the predictions of other model calculations.
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1. Introduction

The �nite range Simple E�ective Interaction (SEI) was proposed by B. Behera and col-

laborators twenty-�ve years ago [1] aimed to describe symmetric and asymmetric nuclear

matter with emphasis, in particular, on the momentum dependence of the mean �eld [2].

This e�ective interaction consist of a �nite-range term, in this work of Yukawa type, supple-

mented by two zero-range terms, one of them density dependent that simulates three-body

contributions, plus a zero-range spin-orbit contribution to deal with �nite nuclei:

Veff = t0(1 + x0Pσ)δ(r⃗) +
t3
6
(1 + x3Pσ)

(
ρ(R⃗)

1 + bρ(R⃗)

)γ

δ(r⃗)

+ (W +BPσ −HPτ −MPσPτ )
e−r/α

r/α
+ Spin-orbit part (1)

The SEI in Eq.(1) has 12 parameters in total, namely, α, γ, b, x0, x3, t0, t3,W,B,H, and M

plus the spin-orbit strength parameter W0, which enters in the description of �nite nuclei.

Nine combinations of these parameters, α, γ, b, εl0 and εul0 , εlγ and εulγ , εlex and εulex (see Ap-

pendix A of Ref.[3]) are needed for a complete description of nuclear matter (NM) as well as

the npeµ neutron star matter (NSM). These nine parameters are determined in NM using

experimental and empirical constraints of very generic nature. In particular, we have used

the experimental constraint of vanishing mean �eld for kinetic energy of the nucleon of 300

MeV [4, 5], which allow to determines the range, α and the exchange strength parameters

εlex and εulex. The protocol adopted for the parameter �xation lies has two main advantages.

On the one hand, the NM incompressibility at saturation, K0, governed by the parameter

γ, can be varied without a�ecting the momentum dependence of the mean �eld in SNM.

On the other hand, the slope of the symmetry energy L can be varied without changing the

isoscalar properties and the n−p e�ective mass splitting. The parameters of SEI, thus deter-

mined can give the trend of the predictions of the microscopic Dirac-Brueckner-Hatree-Fock

and variational calculations using realistic interactions.

SEI has been applied in the former studies of symmetric and asymmetric nuclear mat-

ter (SNM and ANM, respectively) at zero and �nite temperature as well as to describe

�nite nuclei (see [3] and references therein). In the astrophysical domain we have studied

the thermal evolution of nuclear symmetry energy [6] and the equation of state of charge

neutral hot isentropic npeµ NSM in β-equilibrium [12]. Using SEI standard neutron star

(NS) properties such as the mass-radius relationship [10], obtained by solving the Tolman-

Oppenheimer-Volkov (TOV) equation, the the crust-core transition and crustal properties

[7, 8], the tidal deformability [11] and the r-mode instability [9, 10] have been analyzed.

In this contribution we brie�y summarize the main �ndings discussed in detail in Ref.[3]

about some constraints in neutron stars resulting from recent studies, such as the threshold

mass for prompt collapse in binary neutron star merger, the sound speed in NSM and

the gravitational redshift. We will also analyze some correlations existing between NSM

properties and the NM saturation properties.
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Figure 1: R1.4 of 1.4 M0 neutron stars and (b) Radii R1.6 of 1.6 M0 neutron stars versus the slope

of the incompressibility K
′

0 obtained using di�erent EoS of SEI having γ=1/3, 1/2, and 2/3.
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2. Slope of the incompressibility and Radius of Neutron star

In Ref.[13] it is claimed that the NS radius is very well correlated with a linear combina-

tion of the slope with respet to the density of the incompressibility, K ′
0, and the symmetry

energy, L, computed both at noraml saturation density in SNM ρ0, which is almost inde-

pendent of the mass of the NS in the range 0.6-1.8 M⊙. However, in Figure 1 we display

the radius of the NS, computed by solving the TOV equation for the NS of masses 1.4

and 1.6 M⊙ using SEI EOS with γ=1/3, 1/2, and 2/3 , as a function of the slope of the

incompressibility in SNM, K ′
0. In the same Figure the values predicted by a large set of 44

EOS provided by relativistic and non-relativistic models reported in [13] are also plotted.

The color bands correspond to di�erent estimates available in the liteature. We refere the

reader to [3] for further details. From this Figure we see that the models of [13] show a

moderate linear correlation whereas the three SEI models show a strong correlation for

both NS masses. This is probably due to the fact that the models used in [13] are of very

di�erent nature, which is not the case of SEI. We also have checked that the NS radius

provided by SEI are also correlated with the combination of K ′
0 and L mentioned before.

3. Neutron star merger and incompressibility of ANM

As has been pointed out in earlier literature (see [3] for details), the threshold mass,

Mth, of a NS for prompt collapse (PC) to form a black hole (BH) in the binary neutron

3
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Table 1: Threshold mass Mth for the three EoSs of SEI(γ=1/3, 1/2, and 2/3) using the values of

constants a and b from literature, given in Table II of Ref. [14].

SEI-Y(γ = 2/3)

a b RTOV
max CTOV

max κ Mth

-3.342 2.42 10.523 0.275 1.499 2.937

-3.38 2.43 10.523 0.275 1.498 2.936

−3.36+0.20
−0.20 2.35+0.06

−0.06 10.523 0.275 1.424+0.115
−0.115 2.790+0.225

−0.225

SEI-Y(γ = 1/2)

a b RTOV
max CTOV

max κ Mth

-3.342 2.42 10.243 0.272 1.5095 2.846

-3.38 2.43 10.243 0.272 1.5091 2.845

−3.36+0.20
−0.20 2.35+0.06

−0.06 10.243 0.272 1.434+0.114
−0.114 2.705+0.215

−0.215

SEI-Y(γ = 1/3)

a b RTOV
max CTOV

max κ Mth

-3.342 2.42 9.943 0.267 1.5252 2.7437

-3.38 2.43 9.943 0.267 1.5250 2.7434

−3.36+0.20
−0.20 2.35+0.06

−0.06 9.943 0.267 1.45+0.113
−0.113 2.609+0.204

−0.204

star merger (BNSM) scales with the maximum mass, Mmax, of the non-rotating NS as

Mth = κMmax, where the scaling factor κ is strongly correlated with the compactness Cmax

as κ = aCmax + b. The compactness, de�ned as Cmax = GMmax/c
2Rmax, is computed

with the Mmax and Rmax solution of the TOV equation for the considered NS. Using the

parameters a and b given in the �rst column of Table 2 (taken from Table II of Ref.[14]),

we display in Table 2 the Mth for PC in BNSM computed with the SEI EOS with γ=1/3,

1/2, and 2/3. In the case of a delayed/no collapse, the estim ated total binary mass of

GW170817 (MGW170817
tot = 2.74+0.04

−0.01) provides a lower bound on the Mth for direct BH

formation. The Mth values predicted by SEI EOSs for the three sets of a and b parameters

conform to this limiting value.

4. Sound speed in neutron star matter

The adiabatic speed of the sound in ANM evaluated at constant entropy is given by
v2s
c2

= K(ρ,δ)
9(mc2+e(ρ,δ)+P (ρ,δ)/ρ)

(see [3] and references therein), where K(ρ, δ), e(ρ, δ) and P (ρ, δ)

are the incompressibility, energy per nucleon and pressure, respectively, in ANMwith isospin

asymmetry δ, which for each density ρ is obtained from the β-stability condition. The

square of the sound velocity computed with three di�erent SEI EOS (γ=1/3, 1/2, and 2/3)

is displayed as a function of the density in the left panel of Figure 2. The square of the

speed is larger for larger values of the γ parameter, i.e. for larger values of K0, of the SEI

EOS, as expected. We also see that in the three considered cases, K(ρ, δ) increases with

growing density without exceeding the causality limit. In the right panel of Figure 2 we

display the speed of the sound in NSM as a function of the nucleonic pressure computed

at a density 1.85ρ0 with the SEI EOS having γ=1/2 and di�erent values of the slope of

the symmetry energy L in the range 60-110 MeV together with the predictions of the set

4
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Figure 2: Left: Speed of sound in NSM as a function density for SEI EOS with γ = 1/3, 1/2, 2/3.

Right: At central density 1.85ρ0 as a function of pressure. The dots correspond to di�erent SEI

EoS with γ=1/2 and slope parameter L in the range 60-110 MeV.
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of EOS used in [15]. The SEI predictions show a nice linear correlation between the square

of the velocity of the sound and the pressure, which is deteriorated in the case of the EOS

used in [15] probably due to the di�erent nature of the EOS considered in this latter case.

5. Gravitationl Red shift

The gravitational redshift of a signal from the star surface is de�ned as Zsurf =(
1− 2GM

c2R

)−1/2 − 1. The measure of this quantity can provide direct insight into the com-

pactness of the NS and thefore can constrain the EOS for dense matter. The left panel

of Figure 3 displays Zsurf as a function of the NS mass. The shaded area in the �gure

collects the observational information provided by the RBS 1223, RX J0720.4-3125 and RX

J1856.5-3754 NS (see [3] for additional information). The predictions of the SEI model with

γ = 1/2 and γ = 2/3 displayed in this panel show that Zsurf grows with increasing mass of

the NS. For low masses both SEI predictions concide, but they di�er for high mass, which

shows the dependence of Zsurf on incompressibility in SNM, 237.74 (γ = 1/2) and 263.14

(γ = 2/3). However, both the EoSs conform in the constraints provided by the three NSs.

The right panel of Figure 3 Zsurf is plotted as a function of the parameter η = (K0L
2)1/3

for NS of 1.8, 1.6 and 1.4M⊙. The SEI values for γ = 1/2 and γ = 2/3 show a rather strong

anticorrelation between Zsurf and η, while for the set of models of [13] the anticorrelation

is much weaker, probably due to the di�erent nature of the models considered.

6. Summary

In this study we have discussed some recent phenomenology of neutron stars related

to the binary neutron star merger and the gravitational redshift using using the e�ective

5
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Figure 3: Zsurf predicted by the SEI-Y (γ = 1/2) and SEI-Y (γ = 2/3) EoSs. Left: As a

function of the NS mass. Right: As a function of the parameter η. Shaded regions correspond to

observational data (see [3] for details). The green diamonds are the data for the 44-EoSs reported

in [13].
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SEI-Y interaction. Speci�cally, this model predicts a linear correlation between the radii of

neutron stars with 1.4 and 1.6 M⊙ and the slope (derivative respect to the density) of the

incompressibility modulus. Also predicts the threshold mass for prompt collapse of neutron

stars in agreement with data extracted from the GW170817 event. Using the SEI-Y model,

the speed of the sound, computed at given values of the density and incompressibility mod-

ulus for di�erent values of the slope of the symmetry energy, shows a linear correlation with

the pressure. The gravitational redshift of a signal emitted from the star surface calculated

with the SEI-Y model is found to be in agreement with the observational information pro-

vided by several pulsars, on the one hand, and show an anticorrelation with the parameter η

de�ned in the main text, on tne other hand. Since the SEI-Y model is able to predict recent

neutron star phenomenology in good agreement with the observational data, it could be

considered as a possiblr candidate for simulation studies in the binary neutron star merger

as well as in supernovae leading to the formation of proto-neutron stars.
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