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In order to calculate neutron-star properties,
it is necessary to have an Equation of State
(EOS) linking pressure to the total energy
density of the dense matter. At densities
closer to the the nuclear saturation density
(ρ0 = 0.17fm−3), the matter is mostly com-
posed of neutrons, protons and leptons (elec-
trons and muons) in β equilibrium. As den-
sity increases, new hadronic degrees of free-
dom may appear. Hyperons are one of them
as the equilibrium conditions in neutron stars
makes the formation of hyperons energetically
favorable. The role of hyperons on the neutron
star properties have been studied by several
authors (see, e.g. Refs. [1–9]).

In this paper, we employ the best fit ΛN
interactions obtained by us [10] to discuss
the implications of hyperons on the EOS and
structure of neutron stars. Unlike several
other authors, we have included only the Λ
hyperons into our calculations as this study
is restricted to the interactions obtained in
this work. In that sense our work may appear
to be less complete in comparison to studies
present by other authors who include other
hyperons as well. Nevertheless, in all likeli-
hood the ΣN interaction is repulsive because
no stable Σ hypernucleus other than that of
mass 4, is known to exist. Therefore, Σ ap-
pears at much higher densities [8] as compared
to Λ. The Ξ hyperon, on the other hand, could
appear at densities comparable to those of Λ.
However, there is considerable amount of un-
certainty about the strength of ΞN interaction
as no bound Ξ hypernucleus has been detected
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so far. The threshold of the appearance of the
Ξ hyperons is pushed to higher densities with
increasing ΞN potential.

In our calculations of the EOS we have
closely followed the methods reported in
Ref. [11–14]. The energy density in homoge-
neous matter in the presence of Λ hyperons
is

E = ENN + ENΛ + EΛΛ + Ee + Eµ

+ nnmnc2 + npmpc
2 + nΛmΛc2 (1)

where the energy density functional ENN ,
ENΛ, EΛΛ are taken from Ref. [13]. The Lep-
tonic contribution Ee and Eµ to the energy
density is calculated as discussed in Refs. [13,
14]. The equations for the equality of chemical
potentials (represented by µ in the following)

µn − µp = µe, µµ = µe

µn + mn = µΛ + mΛ, (2)

where chemical potentials are defined as

µj =
∂E

∂nj

(3)

where E is total energy density and nj the par-
ticle number density. The total baryon num-
ber density is nb = nn + np and the charge
neutrality requires np = ne + nµ, where ne

and nµ are the number densities of electrons
and muons, respectively. The EOS is defined
by the expressions

ρ(nb) =
E(nb)

c2
, P (nb) = n2

b

d(E/nb)

dnb

, (4)

where ρ(nb) is the mass density of the mat-
ter. To obtain the relation between neutron
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FIG. 1: The equation of state (pressure as a func-
tion of baryon number density) obtained by using
ΛN interactions HPΛ2 (dot-double dashed line),
HPΛ3 (dashed line), NΛ1 (dash-dotted line) and
OΛ1 (dash-double dotted line).

star mass and its radius, we have solved the
Tolmann-Oppenheimer -Volkoff equation [10].

In Fig. 1 we show the equation of state of
the for ΛN interactions HPΛ2, HPΛ3, NΛ1,
OΛ1. We see that in each case the inclu-
sion of hyperons makes the EOS much softer
with respect to the pure nucleonic case. Since
hyperon can be accommodated in the lower
momentum states, their kinetic energies are
decreased which leads to the softening of the
EOS. We note from Fig. 1 that the degree of
softness of the EOS obtained with HPΛ2 and
NΛ1 interactions are almost identical. How-
ever, with HPΛ3 the softness is comparatively
smaller and with OΛ1 the softening of the
EOS is relatively the lowest. The predicted
maximum mass and corresponding radius are
listed in table 1 also the radius corresponding
to mass 1.4 [measured in solar mass M⊙] are
also listed in the same table. We note from
table 1 that with interactions HPΛ2, HPΛ3,
and NΛ1 maximum mass is similar (around
1.5 M⊙). However, with OΛ1 interaction the
maximum mass is 1.80 M⊙. This result can
be understood from the fact that a stiffer EOS
leads to a larger neutron mass.

TABLE I: Neutron star properties for NN force
SLy4.

NN NΛ ΛΛ R(1.4M⊙) Mmax R(Mmax)

SLy4 - - 11.62 2.02 9.84
SLy4 HPΛ2 SLL2 10.23 1.50 8.07
SLy4 HPΛ3 SLL2 10.24 1.54 9.23
SLy4 NΛ1 SLL2 10.97 1.52 9.97
SLy4 OΛ1 SLL2 10.03 1.80 9.34
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