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Abstract
The equation of state which is crucial for the structure
and composition of a star has been obtained on the ba-
sis of the relativistic field theoretical model which in the
minimal form comprises baryons, leptons and σ, ω and
ρ meson fields. Scalar (σ∗) and vector (φ) mesons have
been introduced to simulate hyperon – hyperon interac-
tion. The considered model has been extended by cou-
plings between vector mesons: ω − ρ, ω − φ and ρ − φ.
These additional nonlinear vector meson terms influence
properties of neutron star matter and through this lead
to the modification of the structure and properties of a
hyperon star. The mixed vector meson interactions are
very effective in describing asymmetric nuclear matter
as they provide modification of the density dependence
of the symmetry energy. For sufficiently high density
this model describes the additional repulsion in hyperon
interactions. This has remarkable consequences for the
stiffening of the equation of state.

Motivation
• Observations of the binary millisecond pulsars

J1614-2230 [1] and J0348+0432 [2] have led to
the precise estimation of neutron star masses:
(1.97± 0.04)M� and (2.01± 0.04)M�.

• This shifts the maximum neutron star mass
Mmax towards rather high values and rules
out most of the EoSs with hyperons - the mod-
els which involve exotic particles predict max-
imum neutron star masses well below 2M�.

• There is a need to analyze whether it is possi-
ble to construct an EoS of neutron star matter
which gives adequately high maximum mass
despite including hyperons.

Introduction
Constituents of the models

• Standard TM1 model:
nucleons (n, p), leptons (e−, µ−), scalar me-
son σ and vector mesons ωµ and ρaµ

• TM1-weak model:
hyperons (Λ, Σ, Ξ) and mesons (scalar σ∗ and
vector φµ) included in the minimal fashion,
ω − ρ mixing

• Extended nonlinear model:
additional ω − φ and ρ− φ mixing

Conclusions
• In the case when hyperons are included addi-

tional repulse in the system is indispensable

• The model with the extended vector - meson
sector leads to EoS that is much stiffer than
the one constructed on the basis on the mini-
mal model (TM1-weak)

• UNΣ potential change does not result in a suf-
ficiently high stiffening of the EoS, however,
modifies the chemical composition of the stars

• A characteristic feature of the model is the
change of the effective baryon and meson
masses with particular emphasis on the ef-
fective φ meson mass. There is a range of
density for which the effective φ meson mass
decreases.
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The model
The dynamics of the model considered is determined by a Lagrangian density [4] which embodies contributions
from baryons, mesons and leptons:
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where the covariant derivative equals Dµ = ∂µ + igBωωµ + igBφφµ + igBρIBρµ, IB denotes isospin of baryon
B. The baryon effective mass is defined as follows meff,B = mB − gBσσ− gBσ∗σ∗, while Ωµν , Rµν , and Φµν
are the field tensors of the ω, ρ, and φ mesons. The basic parameters of the model is TM1 parameter set [5].
In the non-strange sector the model is extended by the ω − ρ meson coupling, the strength of this coupling
is given by the parameter ΛV . All calculations have been done within the RMF approximation.

Results
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The EoS calculated for the nonlinear model for different val-
ues of the coupling constant ΛV . The results have been ob-
tained for the non-strange matter for TM1 [5], NL3 [6] and
FSUGold [7] parameter sets. Black dotted line represents the
case of the standard TM1 model extended by the inclusion
of strange mesons which have been introduced in a minimal
fashion (TM1-weak).
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The mass–radius relations calculated for the extended non-
linear model for different values of parameter ΛV . The re-
sults have been supplemented with the TM1 and FSUGold
[7] parameterisations in the case when the matter of the neu-
tron star comprises only nucleons.
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The effective meson masses as a function of baryon num-
ber density calculated for the extended nonlinear model, for
ΛV = 0.014 and ΛV = 0.0165. In the case of ω and ρ mesons
the increase of ΛV parameter results in their higher effective
masses. While for the effective mass of the φ meson there
exists a range of density where its effective mass decreases.
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The density dependence of symmetry energy calculated
for different values of parameter ΛV and compared with
the results obtained for the AV14+VII, UV14+VII and
UV14+TNI models [3]. The inclusion of ΛV parameter soft-
ens the symmetry energy and its density dependence resem-
bles that obtained for the realistic nuclear models.
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The pressure vs density calculated for different values of the
UN

Σ potential (attractive and repulsive), the very weak U(Λ)
Λ

case has been icluded. In the case of the extended nonlinear
model the higher value of the repulsive U(N)

Σ potential leads
to the stiffer EoS.
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Relative concentrations of hyperons calculated for the ex-
tended nonlinear model for the repulsive and attractive U(N)

Σ
potential. In the case of the repulsive potential the first hy-
peron that appears is Λ and it is followed by Ξ− and Σ−. For
attractive potential hyperons appear in the following order:
Σ−, Λ and Σ0


