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Introduction

Being one of the most densest objects, neu-
tron stars (NSs) lay out a quirky domain to
study the novel states of matter [1]. Be-
cause of the immense matter densities, ex-
otic degrees of freedom (strange, non-strange
baryons, meson condensations) are expected
to come into picture [2, 3]. The multi-
messenger astrophysical observations (masses
≥ 2M�, radii, tidal responses, Λ1.4 ≤ 580) of
compact objects during the last decade have
provided stringent constraints on the possi-
ble dense matter equation of states (EoSs).
(Anti)kaon condensation in dense matter was
first theorized by Kaplan and Nelson in Ref.-
[4]. However with the inclusion of such bo-
son condensation, the EoS softens drastically
leading to lowering of maximum mass config-
urations. Such meson condensations can af-
fect the microscopic aspects of nuclear matter
such as single particle energies, effective nu-
cleon masses and such [5]. In this paper, we
investigate the possibility of (anti)kaon con-
densation in ∆-admixed hypernuclear matter
in consistency with the recent NS astrophys-
ical observables within the covariant density
functional (CDF) model.

CDF model formalism

In order to construct the dense matter
EoS, we implement the DD-MEX [6] cou-
pling parametrization. The strong interac-
tions among the various particles (baryon
octet (b), ∆-resonances, (anti)kaons (K̄)) are
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considered to be mediated via σ, ω, ρ and φ-
mesons. The total Lagrangian describing the
dense matter is given by [2, 3]
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with Dµ
(i) denoting the covariant derivative.

The fields of baryon octet, leptons (e−, µ−)
and ∆-baryons are represented by ψb, ψl
(Dirac) and ψν∆ (Rarita-Schwinger) respec-
tively. The chemical equilibrium conditions
between species in the particle spectrum are
µi = µn−qiµe, µK− = µe, and µK̄0 = 0 where
qj is the charge of ith baryon, µe, µn, µK− ,
µK̄0 denote the chemical potentials of e−, neu-
tron and (anti)kaons respectively. The dense
matter EoS is calculated self-consistently tak-
ing into account two additional constraints,
viz. charge neutrality and baryon number con-
servation.

Results & Discussions
In this work, the isospin component of the

paramterization is recalibrated to Esym = 38.1
MeV and Lsym = 70 MeV at nuclear satu-
ration density (n0) following recent implica-
tions from PREX-2 data [7]. We have con-
sidered the optical potentials of hyperons viz.
Λ,Ξ,Σ to be −28,−14,+30 MeV respectively
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FIG. 1: Left panel: EoSs of various matter compositions, middle panel: Mass-radius (M-R) rela-
tions for the mentioned EoSs and right panel: Tidal deformability parameters corresponding to the
binary components with the considered EoSs. The different shaded regions in the M-R plot denote the
astrophysical observations. (Please refer to text for description)

TABLE I: Dense matter and maximum mass NS
properties. The threshold densities of (anti)kaons
are denoted by ni

u, while nc represent the central
number density of respective maximum mass NSs.

Config. nK−
u /n0 nK̄0

u /n0 Mmax/M� nc/n0

NK̄ 2.88 4.07 2.28 4.89
NY K̄ 5.49 7.02 2.17 5.91
NY ∆K̄ 5.97 6.31 2.18 6.70

[3]. As for the (anti)kaon optical potential in
symmetric nuclear matter, it is set to −130
MeV. Since not much information is known
in ∆-resonances sector, we consider the cou-
plings to be Rσ∆, Rω∆, Rρ∆ to be 1.23, 1.10
and 1.00 with Ri∆ = gi∆/giN . The EoSs
with various matter configurations (NK̄−
nucleons with (anti)kaons, NY K̄− Baryon
octet with (anti)kaons, NY∆K̄− ∆-admixed
hypernuclear matter with (anti)kaons) are
shown in left panel of fig.-1. The EoSs sat-
isfy the matter pressure constraint (repre-
sented by vertical line) at 2n0 deduced from
GW170817 data. From the mass-radius (mid-
dle panel of fig.-1) plot obtained by solving the
Tolman-Oppenheimer-Volkoff equations, it is
seen that confronting with the recent observa-

tion of heaviest NS (PSR J0952 − 0607), the
(anti)kaon potential shows to be a possible nu-
cleation interior to NS. The EoSs constructed
in this study do satisfy the tidal deformabil-
ity constraints of Λ̃ ≤ 900 as well as Λ̃ ≤ 720
obtained from recent reanalysis of GW170817
data. The curves for NK̄ and NY K̄ overlap
due to the reason that no exotic degrees of
freedom nucleate in ≤ 1.5M� NSs. This can
be understood from the M-R relation curves
and table-I. While ∆-admixed matter fulfill
the strict Λ̃ constraint denoting its worth in
comprehending dense matter.
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