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We construct a set of hyperonic equations of state (EoS) by assuming SU(3) symmetry within the
baryon octet and by using a covariant density functional (CDF) theory approach. The low-density regions
of our EoS are constrained by terrestrial experiments, while the high-density regime is modeled by
systematically varying the nuclear matter skewness coefficient Qsar and the symmetry energy slope Lsym.
The sensitivity of the EoS predictions is explored in terms of z parameter of the SU(3) symmetric model
that modifies the meson-hyperon coupling constants away from their SU(6) symmetric values. Our results
show that model EoS based on our approach can support static Tolman-Oppenheimer-Volkof (TOV)
masses in the range 2.3-2.5Mg in the large-Qs,c and small-z regime, however, such stars contain only
a trace amount of hyperons compared to SU(6) models. We also construct uniformly rotating Keplerian
configurations for our model EoS for which the masses of stellar sequences may reach up to 3.0 M.
These results are used to explore the systematic dependence of the ratio of maximum masses of rotating
and static stars, the lower bound on the rotational frequency of the models that will allow secondary
masses in the gravitational waves events to be compact stars with M, < 3.0 Mg and the strangeness
fraction on the model parameters. We conclude that very massive stellar models can be, in principle,
constructed within the SU(3) symmetric model, however, they are nucleonic-like as their strangeness
fraction drops below 3%.
© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
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has a significant impact on the maximum CS mass, for reviews see
Refs. [14-17].

Currently, the most rigorous constraints on the high-density be-
havior of the equation of state (EoS) come from the observations

1. Introduction

Compact stars (CSs) provide unique laboratories to probe dense
matter under extreme conditions which cannot be reproduced on

Earth. The composition of the deep interiors of CS is not known.
It represents the main uncertainty for the determination of the
static and dynamic properties of CS. Various high-density com-
positions have been studied assuming different degrees of free-
dom, for example, compositions featuring purely nucleonic, heavy
baryon-admixed, and/or deconfined quarks matter, for reviews see
Refs. [1-17]. In particular, hyperons have been studied as an op-
tion as their nucleation may become energetically favorable above
a threshold, which is distinct for each hyperon and is controlled
by the conditions of B-equilibrium and charge neutrality among
the baryons and leptons, see Fig. 5 of Ref. [18]. Hyperonization
of dense matter then reduces the pressure of dense matter which
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of a few massive pulsars with masses ~ 2.0 Mg [19-23]. These
observations set a lower bound on the maximum mass of CS pre-
dicted by any model of dense matter. The long-awaited detection
of gravitational waves (GWs) from a binary neutron star merger,
the GW170817 event placed significant constraints on the tidal de-
formability of canonical-mass stars and thus provided additional
constraints on the EoS of dense matter at intermediate densi-
ties [24-26]. The multi-messenger analyses of GW170817 event
suggest that the maximum mass of static CS may not exceed
~2.3Mg [27-31]. The X-ray pulse profile modeling of pulsars
with data from the NICER observatories recently led to measure-
ments of CS radii. The estimates for one of the most massive
known pulsar, PSR J0740+6620 [32,33], open prospects of con-
straining the properties of the EoS, in particular, the composi-
tion of matter at high densities. PSR J0740+6620 has a mass of
about ~ 2.1 Mg and is thus about 50% more massive than PSR
J0030+0451 [34,35], yet current measurements do not indicate a
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significant difference in their sizes. This may indicate that the turn-
ing point, i.e., the maximum, of the mass-radius relation occurs
above the mass of PSR J0740+6620 [36,37]. Previous models of hy-
peronic stars were mainly constrained by the masses of massive
pulsars [18,38-54].

Observational identification of neutron stars (black holes) as
members of binary systems requires the knowledge of the upper
(lower) limit on the gravitational mass of a neutron star (black
hole). The GW190814 event [55], caused by the merger of two stel-
lar objects with an extremely asymmetric mass ratio, contained a
primary black hole with a mass of 23.2ﬂ:g) Mg. The secondary’s

mass was in the range of 2.59f8:8§ Mg. The latter value of mass

is within the hypothesized “mass-gap” between neutron stars and
black holes, 2.5 < M/Mg <5, where no compact object had ever
been observed before. Whether the light companion is the most
massive neutron star or the lightest black hole discovered so far
is unclear yet [56-72]. Recently, the event GW200210 [73] was re-
ported in which the components have masses of 24.1:71:2 Mg and

2.83“:8:2 Mg. In Refs. [57,58] we suggested that the secondary
component of GW190814 is more likely a black hole rather than
a CS, by considering hyperonic EoS models where hyperonic cou-
plings to vector mesons were based on the SU(6) quark model,
while those to scalar mesons were fitted to the depth of their po-
tential at nuclear saturation density.

The main motivation of this work is to extend the previ-
ous studies [57,58] of massive hyperonic CS from SU(6) symme-
try based vector meson couplings to those that arise within the
more general SU(3) symmetry [74] which was implemented in the
context of CSs within Hartree [75] and Hartree-Fock [18] based
CDF models. This provides a more complete exploration of the
parameter space that admits the existence of massive hyperonic
stars. Indeed, the SU(6) model combines the flavor SU(3) and spin
SU(2) symmetries, which is a special case of the more general
SU(3) model [74]. Previously, several authors explored the effect of
breaking of SU(6) symmetry down to SU(3) for selected nucleonic
EoS in the vector-meson sector [18,41], scalar-meson sector [42]
and both [46]. In the scalar-meson sector the SU(3) relations do
not hold after fixing the A-hyperon depth [50,57] and the hy-
peronic couplings are fixed by the values of hyperonic potential
depths. Therefore, the SU(3) relations are useful for the vector-
meson sector only. These works demonstrated that within the
SU(3) symmetric models for the vector-meson sector it is possi-
ble to construct massive hyperonic CSs with maximum masses as
high as 2.2-2.3 M. They used models with fixed properties of nu-
cleonic component within the relativistic mean field models, which
preclude by construction a study of the dependence of the results
on continuous variations of nuclear matter characteristics such as
symmetry energy, its slope as well as the skewness.

This paper is organized as follows. In Sec. 2 we briefly outline
the key features of the CDF model for hyperonic matter. Section 3
discusses the bulk properties of hyperonic stars predicted by our
CDF approach for a broad range of variations of the parameters.
We discuss the implications of these models for the interpretation
of GWs produced in binary stellar collisions involving massive sec-
ondaries whose masses lie in the “mass-gap”. Finally, a summary
of our results is provided in Sec. 4.

2. CDF model for hypernuclear matter
We use in this work the standard CDF theory with density-
dependent meson-baryon couplings for a many-body nuclear sys-

tem whose interaction Lagrangian is given by [18,76-78]

Lne=Y Vs ( — 8080 — 85780 — ZuBY 0y
B
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—g¢BV”¢u—ngV“,5u'fB)WB, (1)

where g stands for the Dirac spinors. The index B labels the

JP = %+ baryonic octet with the member masses denoted by
mp. The explicit form of the free Lagrangian can be found in
Ref. [18,76,77]. The octet of baryons interacts via exchanges of
o, w, and p mesons, which comprise the minimal set neces-
sary for a quantitative description of nuclear phenomena [79,80].
We consider further two hidden-strangeness mesons, o* and ¢,
which describe interactions between hyperons [18,47,75,81]. The
mesons couple to baryons with coupling constants g, which
are functions of the baryonic density, gmg = gmp(0sat) fm (1), where
r= p/psat With psar being the nuclear saturation density. For the
explicit form of the functions f;;(r) see Refs. [18,77]. The inter-
action Lagrangian (1) is fixed by first assigning the baryons and
mesons their masses in the vacuum. Next, one fixes the three cou-
pling constants (goN, &N, &pN) in the nucleonic sector and the
four parameters that enter the functions fr(r). Then ground state
properties of infinite nuclear matter and finite nuclei can be com-
puted uniquely in terms of the above seven adjustable parameters.
Note that the constraint conditions on the fy,(r) function reduce
the eight parameters for o and w-mesons to three [18,77]. In ad-
dition, there is one parameter for the p-meson. There are in total
four parameters that enter the functions fp(r).

The EoS of isospin asymmetric nuclear matter can be expanded
around nuclear saturation and the isospin symmetric limit in
power series [78,82]

1 2 1 3
E(n,d) >~ Esat + EKsatn + 31 Qsatn
+ Esym52 + Lsymazn + O(n47 n282)s (2)

where n = (p — psat)/3psat and 8 = (pn — pp)/ p. The coefficients of
the density-expansion in the first line of Eq. (2) are the character-
istic coefficients of nuclear matter in the isoscalar channel, specif-
ically, the saturation energy Eg,¢, incompressibility K¢, and skew-
ness Qsat. The coefficients associated with the expansion away
from the symmetric limit in the second line are the characteris-
tic parameters in the isovector channel, i.e.,, the symmetry energy
Esym and its slope parameter Lgyn,. The quantities which arise
at a higher order of the expansion, specifically Qsax and Lsym,
are only weakly constrained by the conventional fitting protocol
used in constructing the density functionals, i.e., the procedure
which involves usually fits to nuclear masses and radii. However,
the value of Qg,¢ controls the high-density behavior of the nu-
cleonic energy density, while the value of Lgy, determines the
intermediate-density behavior of the nucleonic energy density ac-
cording to Eq. (2).

It is interesting to examine the potentials of the baryons in pure
neutron matter, given by

Vg =—8580 — 8580 + ZwB® + 8ypB® + &pBT380 + Xk, (3)

where the meson fields are replaced by their respective expecta-
tion values in the Hartree mean-field approximation [18,42,76,77],
and ¥y denotes the rearrangement term that comes from the
density-dependence of the meson-baryon coupling constants [18,
42,76,77].

In the SU(3) model three parameters are describing the de-
viation from SU(6) flavor-spin symmetry. Considering the vector
meson sector, the parameter «, is the weight factor for the con-
tributions of the symmetric and antisymmetric couplings. Its SU(6)
value is oy = 1. Another parameter is the mixing angle 6, which
relates the physical mesons to their pure octet and singlet counter-
parts. And, finally, the third parameter z is the ratio of the meson
octet and singlet couplings [18,41,83,84].
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Fig. 1. The ranges of single-particle potentials of baryons in pure neutron matter
as a function of density that are explored in this work. (a) Nucleonic potentials
for nucleonic models with Lsyn, € [40, 100] MeV and Qsat € [—600, 1000] MeV. The
results for the stiffest model with (Lsym, Qsat) = (100, 1000) MeV and the softest
one with (40, —600) MeV are illustrated explicitly. (b) Hyperonic potentials for the
SU(6) model (z = 1/+/6 ~ 0.4082), and (c) an extreme case of the SU(3) model (z =
0).

The roles played by the parameters Qsi and Lsyy for the
single-particle potentials of baryons are shown in Fig. 1, panel
(a), where the nucleonic potentials are shown for models with
Lsym € [40,100] MeV and Qsat € [—600,1000] MeV, and in pan-
els (b) and (c) where the hyperonic potentials are shown for the
cases of SU(6) and extreme SU(3) with z=0.

Given the five macroscopic coefficients in Eq. (2) together with
the preassigned values of psar and Dirac mass M}, [18], we could
determine uniquely the seven adjustable parameters of the La-
grangian (1). In Ref. [78] it has been suggested that one can
generate a set of nucleonic CDF models by varying only one co-
efficient in Eq. (2) while keeping the others fixed. Having this in
mind, we map the nucleonic EoS given by the Lagrangian (1) for
each set of parameters Qsar and Lsym. For our analysis below we
adopt the lower-order coefficients in Eq. (2), i.e., Es;y = —16.14,
Ksar =251.15 MeV, and Esyy =32.31 MeV, as those inferred from
the DDME2 parametrization [77,78], which was adjusted to the
properties of finite nuclei.

The determination of the meson-hyperon couplings gy repre-
sents a long-standing theoretical challenge due to the lack of suf-
ficiently abundant and accurate experimental data. In the present
work, we restrict our attention only to the three lightest quark fla-
vors and adopt the flavor SU(3) symmetric model [18,74,75]. To ex-
plore the parameter space associate with the SU(3) model we pro-
ceed by assuming an ideal mixing value of 6, = tan~1(1/+/2) [85].
This fixation of the mixing angle 6, which describes the mixing
between the singlet and the octet members of a physical isoscalar
vector mesons, is motivated by the fact that the mixing between
nonstrange and strange quark wave functions in the w and ¢-
mesons is ideal, i.e., the mixing angle assumes the ideal mixing
value quoted above. In addition, from the quadratic mass formula
for mesons, one obtains 6 &~ 40° [85], a value that is a very close to
the ideal mixing angle 6 ~ 35.3°. Thus, it is reasonable to keep the
condition of “ideal mixing” for the isoscalar vector mesons. The de-
pendence on the remaining parameters, ¢, and z, can be explored
by fixing one of them and varying the other. This has been done
previously in Ref. [18] (see their Figs. 11 and 12) showing that re-
ducing the value of either o, or z from their SU(6) values at fixed
value of the other parameter yields qualitatively similar modifica-
tions of the EoS and the particle fractions. We thus choose to vary
only one of them, i.e., z, while keeping oy = 1 fixed at its SU(6)
value.
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Then we are left with a single free parameter z to quantify the
effects of the SU(3) symmetric model. In this case, the hyperonic
coupling constants are defined as [18,41]

2 3
gw_A:ga)_E:_FL:l_\/jz’ (4a)
8oN  EwN V2 +./3z 2

= 2-3
oz _ V2=V . e (ab)
EwN ﬁ—i—ﬁz

1 1 3
8pn _ 8¢x _ _:__+£z, (40)
SoN SN V2432 V22

g 1+6 1 V3
%5 _ +\/—Z~7_£Z’ (4d)

o V2432 V2 2
where in each equation the last relation shows the z — 0 asymp-
totes neglecting terms (O(z%). These asymptotic values can be com-
pared with the SU(6) values of the coupling constants,

SwA 8wz 2 8wE 1

fod _ Swz 2 _1 (5a)
goN 8oN 3 goN 3

8pn _ &g% :_Q 8pE _2«/5 (5b)
8wN 8wN 3’ 8wN 3

It is seen that the z =0 limit of the SU(3) model implies a much
stronger repulsive interaction among hyperons due to w-exchange.

In the SU(6) symmetric model, the ¢-meson has a vanishing
¢-N coupling, whereas it does couple to the nucleon in SU(3) sym-
metric model in terms of

6z—1 1 3V3
SoN _ 6z N___,_iz, (6)

SoN  N2+443z2 0 2 2
where the last relation is the z — 0 asymptote as above.

To ensure this new coupling scheme does not spoil the fits to
the purely nuclear data, we make the replacement [18]
52 2 2
8on _ 8un , &N
ooy e, i ey (7)
mg, mg, mg,
where the g,y denotes the coupling for the case of ggy = 0. For
such a scheme, it has been shown in Ref. [18] that the EoS of
purely nucleonic matter is (almost) independent of the appearance
of ¢-meson. For the isovector meson p, one has [18,41]

g’;A:(), g/’;):_z, gpis:]_ (8)
8pN 8pN 8pN

The isoscalar-scalar meson-hyperon couplings are then deter-
mined by fitting them to certain preselected properties of hy-
pernuclear systems. We fix the coupling constants g,y using
the following hyperon potentials in symmetric nucleonic matter
at saturation density, psa, extracted from hypernuclear phenom-
ena [86,87]:

Ul = —ul = —30Mev, UL =-14Mev. (9)

Finally, we use the estimate US\A)(,osat/S) = —0.67 MeV, which
is extracted from the AA bond energy [88], to fix the coupling
constant gy+. The couplings of the remaining hyperons E and
Y to the o*-meson are determined by the relation gs+y/g¢y =
8o+ /8¢pa. In this manner, we assume that the hyperon potentials
scale with density as the nucleonic potential, therefore their high-
density behavior is inferred from that of the nucleons. In Fig. 1
(b) we show the potentials of hyperons in pure neutron matter
for two limiting cases, z=1/+/6 and 0. The former corresponds to
the SU(6) model while the latter is the extreme case of the SU(3)
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model. It is seen that the hyperon potential depths (9), indeed,
determine only the EoS region around the saturation density. In
contrast, the meson coupling constants (4) affect largely the high-
density regime of the EoS and consequently the degree of stiffness
of the EoS, which is closely linked to the inner core composition
of CSs.

For any set of coupling constants the EoS of the core of a CS
is determined by applying the conditions of weak equilibrium and
change neutrality. This EoS is then matched (interpolated) smooth-
ly to the EoS of the crustal matter given by Refs. [89,90] at the
core-crust transition density ~ psar/2. The details of core-crust
matching procedure and the model of the crust EoS affect to some
extent the value of the radius and, therefore, the tidal deforma-
bility for light CSs [91,92], but the uncertainties are negligible for
massive stars of interest herein.

3. Gross properties of hyperonic stars

In this section, we will explore the gross parameters of hyper-
onic stars for a selected set of parameters that control the stiffness
of the EoS. In the nucleonic sector we vary the characteristics of
nuclear matter Qsa¢ and Lsym. In the hyperonic sector, we vary the
parameter z associated with the breaking of the SU(3) symmetry.
Our choice of parameters that describe the EoS of hypernuclear
matter is as follows:

o (I) Soft EoS in the nucleonic sector with Lgyy =40 MeV, which
is close to the lower values of the 90% confidence ranges of
the PREX-2 neutron skin measurement [93-95]. Our EoS pre-
dicts for 1.4 Mg mass star a radius and tidal deformability in
the ranges of 11.8 < Ry4 <13.2 km and 280 < A14 < 750
when the remaining parameters Qg and z are varied. These
values are within the range derived for the multimessenger
GW170817 event [25,26].

o (II) Stiff EoS in the nucleonic sector with Lgym = 100 MeV,
which is close to the central value of the PREX-2 analysis [94].
In this case, we find that the radius and deformability are
larger, their values for a 1.4Mg mass star being in the range
of 12.8 < R14 <14.3 km and 450 < A1.4 < 1200. These values
are in agreement with the mass and radius inferences from the
NICER experiment for PSR J0030+0451 [34,35], but are outside
of the range deduced from the GW170817 event [25,26]. Ex-
ceptions to this are models with Qg < —400 MeV.

Fig. 2 shows a collection of EoS that cover the relevant range
of parameters both for the nucleonic and hyperonic sectors. The
model EoS is distinguished by (a) the values of Lsym =40 and
100 MeV which control the intermediate-density stiffness in the
nucleonic sector; (b) the values of Qs which control the high-
density stiffness of the nucleonic sector and are drawn from the
interval [—600, 1000] MeV with a step size of 100 MeV; (c) the
values of the z-parameter which takes on two values: z=1/+/6
for the SU(6) model and z = 0, which is an extreme case of the
SU(3) model. As can be seen, the intermediate-density soft models
show a delay in the appearance of hyperons as the density is in-
creased. As a consequence, the EoS is stiffer at high densities once
the hyperons are admixed with the nucleonic matter. Note the dif-
ferent ordering of the thresholds of the appearance of hyperons in
the SU(3) and SU(6) models. In the SU(6) case, A hyperons appear
first and are followed by Z~, then E° hyperons as the density is
increased. In the SU(3) model, A’s are followed by the X~ hyper-
ons and the onset of E° is shifted to densities that are not relevant
for stable CSs. Note that here and below we will keep occasionally
the EoS models with maximum masses below the 2.0 My mass
limit to account for the possibility of two families of CSs, in which
case stars with masses of 2.0 Mg and higher are strange stars [96].
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T T T T T T

t

N

o1
T
L

PR TR H IN R T T TTT SS S S s Lo MY

L ™M [ o>
[ S
L

0 400 800 1200 400 800 1200
£[MeV fm3) £[MeV fm?3)

Fig. 2. The EoS for SU(6) and SU(3) symmetric models with z=1/v6 and z=0,
respectively. The intermediate density nucleonic EoS is either soft [panel (a)] or
stiff [panel (b)] depending on the values of Lsym =40 and 100 MeV. The stiff-
ness of the high-density nucleonic component is explored by varying Qsa in the
range [—600, 1000] MeV with a step size of 100 MeV. Hyperonic EoS that produce
stars with M5y > 2.0 M are shown by solid lines, those with M5 < 2.0 Mg are
shown by dashed lines. The onsets of hyperons are marked by open circles for the
SU(6) symmetric model and by filled circles for the SU(3) symmetric model.

3.1. Static sequences of hyperonic stars

We start by considering sequences of static (non-rotating) stars
which are described by the Tolman-Oppenheimer-Volkoff (TOV)
equation for a given input EoS. Fig. 3 shows the maximum mass
M5y, its strangeness fraction F{iyf (F = Ns/Np with Ns@g) be-
ing the total strangeness (baryon) numbers in a star [51]), and
the mass M{}an of the star at which the A hyperon first appears,
as functions of the Qs,¢ and z parameters for the two classes of
models with Lsym =40 and 100 MeV, as described above. The pa-
rameter ranges are 0 <z < 1/\/5 = Zsy(e) and —600 < Q5 < 1000,
where the upper value of z corresponds to its SU(6) value. Accord-
ing to the results shown in Fig. 3 the following conclusions can be
drawn:

(i) The upper left corner of the parameter space (low Qgat
and z < zsy)) is inconsistent with the mass measurement of
PSR J0740+6620 [21,22], i.e., the consistency of the SU(6) sym-
metric model requires large values of Qsy. Moving away from
SU(6) symmetry stiffens the EoS and consequently relaxes the large
Qsat requirement. For example, in the extreme limit where z — 0
the mass constraint above is met for any value of Qsy. Models
with smaller values of Lsyy [cf. panels (a) and (d)] predict (coun-
terintuitively) a wider range of parameters that produce massive
enough stars, because smaller Lsy, implies softer nucleonic EoS
at the intermediate densities and, therefore, delayed onset of hy-
perons. The strangeness fraction of maximum-mass configurations
is anti-correlated with the maximum masses of stars, since the
more massive the star the smaller the fraction of hyperons and
the strangeness fraction F%ﬁ}‘. Thus, going away from the SU(6)
symmetry limit suppresses the emergence of hyperons in massive
stars by large factors of ~ 3-4. The most massive models then have
a negligible hyperonic content and are close in their properties to
their purely nucleonic stars. According to the lower panels of Fig. 3,
the masses of stars in which the threshold for the appearance of
A hyperons is reached shifts to higher values as one moves away
from SU(6) z value and increases the value of Qg,¢. This is a direct
consequence of the stiffening of the EoS in the nucleonic sector by
larger values of Qga and in the hyperonic sector by smaller values
of z.

(ii) A combination of numerical simulations with simple but
reasonable assumptions leads to the conclusion that the GW170817
event resulted in a rapidly rotating neutron star which collapsed
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Fig. 3. The masses M5y (a, d), strangeness fractions Fiy' (b, e) of maximum-mass
configurations and the hyperon threshold masses M{}an (c, f) of static sequences for
hyperonic models within a range of values spanned by Qs and z. The values for z
are normalized by its SU(6) case zsye) = 1/+/6 2 0.4082. The left and right panels
show, respectively, results for models with Lsym =40 and 100 MeV in the nucleonic
sector.

to a black hole, a scenario that allowed scientists to deduce an
approximate upper limit for the TOV stellar mass in the range of
2.1 < M3 /Mg < 2.3 [28-31]. The upper limit of this value range
is obtained if finite temperature EoS effects are included in the
analysis [31]. According to Fig. 3, the stars in the high-Qg; and
low-z domain have masses that violate this upper limit. These
are also the stars with strongly reduced hyperon fractions of
FI&y ~ 2-6% since the onset of hyperons occurs only in the most
massive (M > 1.8 M) stars.

(iii) Finally, note that this high-Qg,: and low-z domain features
stars with masses M5y < 2.5Mg. Thus the stars from this do-
main would be compatible with the mass of the secondary in the
GW190814 event [55] and its interpretation as a low-spin star with
a trace of hyperons (FJi¢ ~ 1-2%). Inverting the argument and
assuming that GW190814 event contained a massive CS one can
put limits on the values of parameters of the CDF, specifically in
our case we require Qsz > 800 MeV and z/zsy) < 0.1. We recall
that the latter constraint implies gy ~ g»y and gyn ~ gyy, see
Eq. (4). We stress again that for these models hyperon populations

Physics Letters B 834 (2022) 137470

2.6 T T I 13— T T I
: @1 f
2.2+ - 12+ B
3 L = L i
= £
x> r x> r )
[ 1e) [i]e)
E— L E:n— L o i
1.8+ 11+ N O’ °® |
L L o 0o® o ]
[ sym — 40 o * [ o ° }
L Loym =100 o 5 , L
14 10 [ 10 | L PO
2 4 6 8 10 2 4 6 8 10
Fréy [%] Frév [%]

Fig. 4. Gravitational mass M5y and radius RTy as functions of strangeness fraction

Fi5y for the maximum-mass configuration calculated for our collection of EoS. The

open circles denote models with Lgym =40 MeV, while filled circles refer to those
with Lsym = 100 MeV. The different z models are computed for 0 < z < zsy¢s) with
a step size of 0.2zsye) and are distinguished by different colors. The same color
symbols represent models with fixed z and Qg values varying in the interval [-
600, 1000] with a step size of 100 MeV. The lines link the models with the same
nuclear matter parameters Qsat and Lsym. The yellow shading indicates the mass of
PSR J0740+6620 [21].

are very small since FJif ~ 1%. We also note that the requirement
Qsat > 800 MeV is consistent with the recent nuclear CDFs [97,98]
that were calibrated by finite nuclei.

We plot in Fig. 4 the mass and radius of the maximum-mass
configuration as functions of strangeness fraction in the core for a
collection of our EoS. As seen in Fig. 4, for fixed values of z the
mass M5 depends linearly on FJ{f. In the case where Qsy is
fixed, the relation has a polynomial form. The same scalings also
apply to the radius Ry (see also the discussion of the last rela-
tion in Ref. [41]). However, the mass or the radius as a function of
the parameters z and Qg,¢ are randomly distributed and cannot be
easily fitted. Some of the models shown in Fig. 4 have maximum
masses below the mass band of PSR J0740+6620 [21] and there-
fore are ruled out. This conclusion works only within the single
CS family scenario and can be circumvented in a scenario where
there is a separate family of strange stars [96]. In this scenario
very compact hyperonic stars with masses far below 2.0 My are
possible.

3.2. Keplerian sequences of hyperonic stars

Next we consider uniformly rotating stellar models assum-
ing stationary, ideal fluid equilibria described by general relativ-
ity [100-103]. Let us first focus on the Keplerian limit of equilibria
rotating at the maximal value of the rotation frequency. Because
these configurations have the maximal value of the centrifugal
force they carry the maximum mass allowed by uniform rotation.
The rotating equilibria were computed with the public domain RNS
code [104].

The maximum mass of the Keplerian sequence M{?eap’f and the
corresponding strangeness fraction F{&%’f are shown in Fig. 5 for
varying values of the parameters Qg and z for two classes of
models distinguished by the value of Lgyy,. The maximum mass
is shifted to higher values compared to its non-rotating limit by
about 20%, as expected [100,101,105]. In the large-positive-Q ¢
and small-z domain the masses increase up to values of around
3.0 Mg, which are within the “mass-gap” between the measured
masses of CSs and black holes. If the secondary in the GW190814
event was a rapidly spinning CS, then the tension between such an
interpretation and the underlying EoS models is resolved. Turning
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respectively, a linear fit (7 = 0.0472 Mty /Mo + 1.1018) from our full data and a
constant fit (n = 1.2091’8:8%2) from data with M} > 2.0 Mg at 90% Cls. The hor-
izontal lines correspond to the two limits of n = 1.203f8:8§% from Ref. [99]. The

yellow band denotes the mass range M = 2,59:’8:33 Mg (at 90% CI) for the sec-

ondary of the GW190814 event [55].

to the strangeness fraction of these massive objects, we note that
for stars with M ~2.5Mg it is in the range Fgi¥ ~ 3-5%, whereas
for the stars with M = 3.0 M we find FK”éil‘J’f ~ 1%, i.e., the hyper-
ons have essentially disappeared. We conclude that achieving large
masses in the range M/Mg ~ 2.5-3.0 requires a significant sup-

pression of the hyperon population which can occur for the SU(3)
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model in the limit z — 0. It follows from the discussion above
that only nucleonic stars (ignoring, for all practical purposes, the
vanishing small amount of hyperons) with a rather stiff EoS (large-
positive- Q¢ values) can achieve large enough masses which enter
the “mass-gap” region.

Fig. 6 shows the mass ratio n = MK“’E%’f/M%‘\’,‘ as a function of
M5y. For many EoS models, this quantity is a constant. How-
ever, it is evident from the figure that the mass ratio n increases
with the increase of M{Ey. Furthermore, the smaller the value of
Leym, ie., the softer the intermediate density EoS, the larger the
value of n. Our values of n can be compared with those obtained
from the fits to a large collection of nucleonic EoS [99], which
gives 1 = 1.203*_’8:8%%. The ratios 1 obtained from models with
Lsym =40 MeV and MPSy 2 2.0 Mg are slightly shifted upward
with respect to the fit obtained from nucleonic models, while 7
obtained from models with Lsym =100 MeV and M7y < 2.0Mg
are shifted downward.

If we consider only the scenario of one family of CSs and re-
quire My 2 2.0 M, a constant value for 1 of 1.209“_“8:8%2 (at 90%
CI) is obtained. If we further assume that the secondary object in
the GW190814 event was a rapidly spinning star rotating at its
Kepler frequency with a mass in the range Mj = 2.59fgzgg Mg (at
90% CI) [55], then by using the values of n shown in Fig. 6 we
can evaluate the possible values of M5 as: 2.15f8:}; Mg (at 90%
an.

3.3. GW sources with M, < 3Mg, interpreted as fast rotating compact
stars

So far we have generated massive hyperonic stars, both static
and fast spinning, with masses that cover well the range of in-
ferred secondary masses in GW190814 and GW200210 events
[55,73] for which it was deduced that M, = 2.83*_’8:23 Mg and
M, < 3 Mg with 76% probability [73]. At this point, let us evaluate
in addition the minimal frequencies f,5 and f,g that are neces-
sary to rotationally support stars with masses of 2.5 and 2.8 Mg,
for any given EoS. These mass-values constitute the lower limit of
the 90% CI interval for the mass of the secondary in GW190814
and the central value of the secondary in GW200210, respectively.

Fig. 7 (a) shows these frequencies calculated for our EoS models
which predict stars with masses of 2.5 or 2.8 My either in the
static limit (f2.5.2.8 = 0) or under rotation. The values of z and Q¢
corresponding to the circles (or pentagrams) can be read-off from
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Fig. 5. The corresponding dimensionless spin parameters 25238
(x = J/M? with ] being the angular momentum of the pulsar)
and strangeness fractions Fy 53 for the same models are shown
in Figs. 7 (b) and (c). Note that any particular model is uniquely
identified by their static maximum masses MJE; shown by the
horizontal axis. For the sake of comparison, we show in Fig. 7 (a)
the frequency 716 Hz [106] of PSR J1748-2446ad, which has the
highest rotation frequency of all known pulsars. In addition, we
show the rather speculative case of a possibly ultra-fast rotating
object with a frequency of 1250 Hz, suggested by the observation
of narrow pulses in the fast radio burst FRB 181112 [107].

The EoS models identified by their M5 value suggest the fol-
lowing comments on the possible origin of very massive CS: (i)
For M5y ~ 2.1 M, the secondary objects in the GW190814 event
would need to be rotating at a frequency f,5 = 1200 Hz, which
is close to the Keplerian limit. (ii) For MJ§% ~ 2.3 M, the sec-
ondary’s rotational frequency needs to be about 1000 Hz, which
is below the Keplerian limit and is by 25% larger than that of
PSR ]J1748-2446ad. (iii) Finally, if My ~ 2.5 M, the secondary
of GW190814 is either a static or a slowly spinning CS, with a
frequency that is far below the Keplerian one and that of PSR
J1748-2446ad.

Less can be said about the nature of the GW200210’s sec-
ondary, due to the large uncertainty in its mass. Nevertheless,
the comments made above about GW190814’s secondary apply to
the GW200210’s secondary too, provided its mass is My >~ 2.5 Mg,.
Taking the larger mean value M, = 2.8 M as a working hypoth-
esis, one deduces that M}y 2 2.3 Mg which would require spin
frequencies f,g = 1200 Hz for the secondary to be a CS. Qualita-
tively we may conclude that the above models require stiff nu-
cleonic EoS with Qg = 500 MeV and maximally broken SU(6)
symmetry, see Figs. 3 (a) and (d). As seen from Fig. 7 (b), the
dimensionless spin parameters have values 2528 < 0.7 for our
models. The maximum value xmax = 0.7, which correspond to the
Keplerian limit, is essentially independent of the EoS models and
is consistent with that obtained in Refs. [101,103,108]. Finally, as
seen from Fig. 7 (c), the CS models that can account for very large
masses contain a marginal of hyperons. For example, we find that
the strangeness fraction is Fy5 < 3% for a M = 2.5 Mg star and
Fpg <2% for a M =2.8 M star. These values imply that massive
stars are almost purely nucleonic.

4. Summary and conclusions

In this work, we constructed EoS models within CDF theory
with degrees of freedom that include the full baryon octet. The
meson-hyperon coupling constants are chosen to break the SU(6)
spin-flavor symmetry down to SU(3). The hyperon potentials were
further fitted to the most reliable values of their potentials at nu-
clear saturation density extracted from hypernuclear data. Because
of the more general SU(3) symmetry, the hyperonic couplings de-
pend on additional parameters, among which the z-parameter (de-
fined above) is most suitable for exploring the impact of symmetry
breaking. The density-dependences of the nucleonic and hyperonic
couplings is modeled using the same parameters. The nucleonic
sector of the CDF was modeled phenomenologically at high den-
sity by varying the slope coefficient Lsym and skewness coefficient
Qsat, while maintaining the low-density features predicted by the
DDME2 parametrization.

With this input, we investigated the mass and radius of non-
rotating as well as rapidly rotating stellar configurations. Our EoS
models can accommodate static CSs as massive as M >~ 2.3-2.5 Mg,
in the large-Qg;: and small-z domain. However, the hyperon con-
tent in this regime drops to several percent and, therefore, can-
not significantly influence the properties of CS. Thus, one may
conclude that the highly massive stellar models obtained with
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the SU(3) symmetric models for the EoS are essentially nucle-
onic stars. The global parameters of these stars are consistent
with the parameters of stars based on purely nucleonic EoS mod-
els [58,60-65] (we exclude here the models calling for quark de-
confinement [13,66-72]). This also confirms that genuinely hyper-
onic stars with a significant hyperonic fraction of 10-20% are con-
fined to lower masses [53,54,57,58,66].

We further constructed the rotating counterparts of our static
stellar models, including stars rotating at the Keplerian limit, in
which case the maximum mass of the nearly nucleonic models can
reach values up to 3.0 Mg. Our modeling allows us to estimate the
ratio of the Keplerian to static maximum mass, 7, and to show that
it is constant only for stars with M > 2.0 M. We find a linear
dependence of 1 on MT5y. Note that sub-two-solar-mass stars are
not excluded if there are two families of CS in which the massive
stars are strange.

We have also determined the minimum frequencies required
to explain the secondary stellar objects in the gravitational events
GW190814 and GW200210. We found that the most extreme mod-
els from the large-Qg;: and small-z domain produce masses in
the required range. This domain is minimal for non-rotating stars
and increases as rotation is allowed. It is maximal for the Ke-
plerian case which allows for very fast rotation at frequencies
f ~ 1500 Hz. We stress again that even though our CDF study in-
cludes the full baryon octet, the highly massive CS models turn out
to contain only a very small amount of hyperons (strangeness frac-
tions of typical < 3%). These stars can therefore be considered as
nucleonic stars.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgements

The research of H.F. and ].L. is supported by the National Natu-
ral Science Foundation of China (Grant No. 12105232), the Venture
& Innovation Support Program for Chongqging Overseas Returnees
(Grant No. CX2021007), and by the Fundamental Research Funds
for the Central Universities (Grant No. SWU-020021). The research
of A.S. is funded by Deutsche Forschungsgemeinschaft Grant No. SE
1836/5-2 and the Polish NCN Grant No. 2020/37/B/ST9/01937. FW.
acknowledges support by the U.S. National Science Foundation un-
der Grant PHY-2012152.

References

[1] E. Weber, Strange quark matter and compact stars, Prog. Part. Nucl. Phys.
54 (2005) 193-288, https://doi.org/10.1016/j.ppnp.2004.07.001, arXiv:astro-
ph/0407155.

[2] A. Sedrakian, The physics of dense hadronic matter and compact stars, Prog.
Part. Nucl. Phys. 58 (2007) 168-246, https://doi.org/10.1016/j.ppnp.2006.02.
002, arXiv:nucl-th/0601086.

[3] J.M. Lattimer, M. Prakash, The equation of state of hot, dense matter and neu-
tron stars, Phys. Rep. 621 (2016) 127-164, https://doi.org/10.1016/j.physrep.
2015.12.005, arXiv:1512.07820.

[4] A.L. Watts, et al., Colloquium: measuring the neutron star equation of state
using x-ray timing, Rev. Mod. Phys. 88 (2016) 021001, https://doi.org/10.1103/
RevModPhys.88.021001, arXiv:1602.01081.

[5] M. Oertel, M. Hempel, T. Klihn, S. Typel, Equations of state for supernovae
and compact stars, Rev. Mod. Phys. 89 (2017) 015007, https://doi.org/10.1103/
RevModPhys.89.015007, arXiv:1610.03361.


https://doi.org/10.1016/j.ppnp.2004.07.001
https://doi.org/10.1016/j.ppnp.2006.02.002
https://doi.org/10.1016/j.ppnp.2006.02.002
https://doi.org/10.1016/j.physrep.2015.12.005
https://doi.org/10.1016/j.physrep.2015.12.005
https://doi.org/10.1103/RevModPhys.88.021001
https://doi.org/10.1103/RevModPhys.88.021001
https://doi.org/10.1103/RevModPhys.89.015007
https://doi.org/10.1103/RevModPhys.89.015007

H.R. Fu, JJ. Li, A. Sedrakian et al.

[6] D. Chatterjee, 1. Vidafia, Do hyperons exist in the interior of neutron stars?,
Eur. Phys. J. A 52 (2016) 29, https://doi.org/10.1140/epja/i2016-16029-x,
arXiv:1510.06306.

[7] K. Yagi, N. Yunes, Approximate universal relations for neutron stars and quark
stars, Phys. Rep. 681 (2017) 1-72, https://doi.org/10.1016/j.physrep.2017.03.
002, arXiv:1608.02582.

[8] G. Baym, et al., From hadrons to quarks in neutron stars: a review, Rep. Prog.
Phys. 81 (2018) 056902, https://doi.org/10.1088/1361-6633/aaael4, arXiv:
1707.04966.

[9] A. Sedrakian, J.W. Clark, Superfluidity in nuclear systems and neutron stars,
Eur. Phys. J. A 55 (2019) 167, https://doi.org/10.1140/epja/i2019-12863-6,
arXiv:1802.00017.

[10] L. Baiotti, Gravitational waves from neutron star mergers and their relation
to the nuclear equation of state, Prog. Part. Nucl. Phys. 109 (2019) 103714,
https://doi.org/10.1016/j.ppnp.2019.103714, arXiv:1907.08534.

[11] JJ. Li, A. Sedrakian, Implications from GW170817 for A-isobar admixed hy-
pernuclear compact stars, Astrophys. J. Lett. 874 (2019) L22, https://doi.org/
10.3847/2041-8213/ab1090, arXiv:1904.02006.

[12] EJ. Llanes-Estrada, E. Lope-Oter, Hadron matter in neutron stars in view of
gravitational wave observations, Prog. Part. Nucl. Phys. 109 (2019) 103715,
https://doi.org/10.1016/j.ppnp.2019.103715, arXiv:1907.12760.

[13] G. Malfatti, M.G. Orsaria, LF. Ranea-Sandoval, G.A. Contrera, F. Weber, Delta
baryons and diquark formation in the cores of neutron stars, Phys. Rev. D
102 (2020) 063008, https://doi.org/10.1103/PhysRevD.102.063008, arXiv:2008.
06459.

[14] L. Tolos, L. Fabbietti, Strangeness in nuclei and neutron stars, Prog. Part. Nucl.
Phys. 112 (2020) 103770, https://doi.org/10.1016/j.ppnp.2020.103770, arXiv:
2002.09223.

[15] A. Sedrakian, J.-J. Li, . Weber, Hyperonization in compact stars, arXiv:2105.
14050, 2021.

[16] 1. Vidafia, Hyperons in finite and infinite nuclear systems, Universe 7 (2021)
376, https://doi.org/10.3390/universe7100376.

[17] G.F. Burgio, HJ. Schulze, I. Vidana, J.B. Wei, Neutron stars and the nuclear
equation of state, Prog. Part. Nucl. Phys. 120 (2021) 103879, https://doi.org/
10.1016/j.ppnp.2021.103879, arXiv:2105.03747.

[18] JJ. Li, W.H. Long, A. Sedrakian, Hypernuclear stars from relativistic Hartree-
Fock density functional theory, Eur. Phys. J. A 54 (2018) 133, https://doi.org/
10.1140/epja/i2018-12566-6, arXiv:1801.07084.

[19] P. Demorest, T. Pennucci, S. Ransom, M. Roberts, ]. Hessels, Shapiro delay mea-
surement of a two solar mass neutron star, Nature 467 (2010) 1081-1083,
https://doi.org/10.1038/nature09466, arXiv:1010.5788.

[20] J. Antoniadis, et al., A massive pulsar in a compact relativistic binary, Science
340 (2013) 6131, https://doi.org/10.1126/science.1233232, arXiv:1304.6875.

[21] H.T. Cromartie, et al., Relativistic Shapiro delay measurements of an extremely
massive millisecond pulsar, Nat. Astron. 4 (2019) 72-76, https://doi.org/10.
1038/s41550-019-0880-2, arXiv:1904.06759.

[22] E. Fonseca, et al., Refined mass and geometric measurements of the high-
mass PSR J0740+6620, Astrophys. ]. Lett. 915 (2021) L12, https://doi.org/10.
3847/2041-8213/ac03b8, arXiv:2104.00880.

[23] R.W. Romani, D. Kandel, A.V. Filippenko, T.G. Brink, W. Zheng, PSR J0952-0607:
the fastest and heaviest known galactic neutron star, Astrophys. J. Lett. 934 (2)
(2022) L17, https://doi.org/10.3847/2041-8213/ac8007, arXiv:2207.05124.

[24] B.P. Abbott, et al, GW170817: observation of gravitational waves from a
binary neutron star inspiral, Phys. Rev. Lett. 119 (2017) 161101, https://
doi.org/10.1103/PhysRevLett.119.161101, arXiv:1710.05832.

[25] B.P. Abbott, et al., GW170817: measurements of neutron star radii and equa-
tion of state, Phys. Rev. Lett. 121 (2018) 161101, https://doi.org/10.1103/
PhysRevLett.121.161101, arXiv:1805.11581.

[26] B.P. Abbott, et al., Properties of the binary neutron star merger GW170817,
Phys. Rev. X 9 (2019) 011001, https://doi.org/10.1103/PhysRevX.9.011001,
arXiv:1805.11579.

[27] B. Margalit, B.D. Metzger, Constraining the maximum mass of neutron stars
from multi-messenger observations of GW170817, Astrophys. ]. Lett. 850
(2017) L19, https://doi.org/10.3847/2041-8213/aa991c, arXiv:1710.05938.

[28] M. Shibata, et al, Modeling GW170817 based on numerical relativity and
its implications, Phys. Rev. D 96 (2017) 123012, https://doi.org/10.1103/
PhysRevD.96.123012, arXiv:1710.07579.

[29] M. Ruiz, S.L. Shapiro, A. Tsokaros, GW170817, general relativistic magneto-
hydrodynamic simulations, and the neutron star maximum mass, Phys. Rev.
D 97 (2018) 021501, https://doi.org/10.1103/PhysRevD.97.021501, arXiv:1711.
00473.

[30] L. Rezzolla, E.R. Most, L.R. Weih, Using gravitational-wave observations and
quasi-universal relations to constrain the maximum mass of neutron stars,
Astrophys. J. Lett. 852 (2018) L25, https://doi.org/10.3847/2041-8213/aaa401,
arXiv:1711.00314.

[31] S. Khadkikar, A.R. Raduta, M. Oertel, A. Sedrakian, Maximum mass of com-
pact stars from gravitational wave events with finite-temperature equations
of state, Phys. Rev. C 103 (2021) 055811, https://doi.org/10.1103/PhysRevC.
103.055811, arXiv:2102.00988.

Physics Letters B 834 (2022) 137470

[32] T.E. Riley, et al., A NICER view of the massive pulsar PSR J0740+6620 informed
by radio timing and XMM-Newton spectroscopy, Astrophys. J. Lett. 918 (2021)
L27, https://doi.org/10.3847/2041-8213/ac0a81, arXiv:2105.06980.

[33] M.C. Miller, et al., The radius of PSR J0740+6620 from NICER and XMM-
Newton data, Astrophys. J. Lett. 918 (2021) L28, https://doi.org/10.3847/2041-
8213/ac089b, arXiv:2105.06979.

[34] M.C. Miller, et al., PSR J0030+0451 mass and radius from NICER data and
implications for the properties of neutron star matter, Astrophys. J. Lett. 887
(2019) L24, https://doi.org/10.3847/2041-8213/ab50c5, arXiv:1912.05705.

[35] T.E. Riley, et al, A NICER view of PSR J0030+0451: millisecond pulsar pa-
rameter estimation, Astrophys. J. Lett. 887 (2019) L21, https://doi.org/10.3847/
2041-8213/ab481c, arXiv:1912.05702.

[36] I. Legred, K. Chatziioannou, R. Essick, S. Han, P. Landry, Impact of the
PSR J0740+6620 radius constraint on the properties of high-density mat-
ter, Phys. Rev. D 104 (2021) 063003, https://doi.org/10.1103/PhysRevD.104.
063003, arXiv:2106.05313.

[37] S. Huth, et al., Constraining neutron-star matter with microscopic and macro-
scopic collisions, Nature 606 (2022) 276-280, https://doi.org/10.1038/s41586-
022-04750-w, arXiv:2107.06229.

[38] 1. Bednarek, P. Haensel, J.L. Zdunik, M. Bejger, R. Manka, Hyperons in neutron-
star cores and two-solar-mass pulsar, Astron. Astrophys. 543 (2012) A157,
https://doi.org/10.1051/0004-6361/201118560, arXiv:1111.6942.

[39] E. Massot, J. Margueron, G. Chanfray, On the maximum mass of hyperonic
neutron stars, Europhys. Lett. 97 (2012) 39002, https://doi.org/10.1209/0295-
5075/97/39002, arXiv:1201.2772.

[40] S. Weissenborn, D. Chatterjee, ]. Schaffner-Bielich, Hyperons and massive neu-
tron stars: the role of hyperon potentials, Nucl. Phys. A 881 (2012) 62-77,
https://doi.org/10.1016/j.nuclphysa.2012.02.012, arXiv:1111.6049.

[41] S. Weissenborn, D. Chatterjee, ]. Schaffner-Bielich, Hyperons and massive neu-
tron stars: vector repulsion and SU(3) symmetry, Phys. Rev. C 85 (2012)
065802, https://doi.org/10.1103/PhysRevC.85.065802, arXiv:1112.0234.

[42] G. Colucci, A. Sedrakian, Equation of state of hypernuclear matter: impact of
hyperon-scalar-meson couplings, Phys. Rev. C 87 (2013) 055806, https://doi.
org/10.1103/PhysRevC.87.055806, arXiv:1302.6925.

[43] C. Providéncia, et al., Imprint of the symmetry energy on the inner crust and
strangeness content of neutron stars, Eur. Phys. J. A 50 (2014) 44, https://
doi.org/10.1140/epja/i2014-14044-7, arXiv:1307.1436.

[44] E.N.E. van Dalen, G. Colucci, A. Sedrakian, Constraining hypernuclear density
functional with A-hypernuclei and compact stars, Phys. Lett. B 734 (2014)
383-387, https://doi.org/10.1016/j.physletb.2014.06.002, arXiv:1406.0744.

[45] R.0. Gomes, V. Dexheimer, S. Schramm, C.A.Z. Vasconcellos, Many-body forces
in the equation of state of hyperonic matter, Astrophys. J. 808 (2015) 8,
https://doi.org/10.1088/0004-637X/808/1/8, arXiv:1411.4875.

[46] L.L. Lopes, D.P. Menezes, Hypernuclear matter in a complete SU(3) symme-
try group, Phys. Rev. C 89 (2014) 025805, https://doi.org/10.1103/PhysRevC.
89.025805, arXiv:1309.4173.

[47] M. Oertel, C. Providéncia, F. Gulminelli, A.R. Raduta, Hyperons in neutron star
matter within relativistic mean-field models, J. Phys. G 42 (2015) 075202,
https://doi.org/10.1088/0954-3899/42/7/075202, arXiv:1412.4545.

[48] K.A. Maslov, E.E. Kolomeitsev, D.N. Voskresensky, Solution of the hyperon puz-
zle within a relativistic mean-field model, Phys. Lett. B 748 (2015) 369-375,
https://doi.org/10.1016/j.physletb.2015.07.032, arXiv:1504.02915.

[49] L. Tolos, M. Centelles, A. Ramos, Equation of state for nucleonic and hyperonic
neutron stars with mass and radius constraints, Astrophys. J. 834 (2017) 3,
https://doi.org/10.3847/1538-4357/834/1/3, arXiv:1610.00919.

[50] M. Fortin, S.S. Avancini, C. Providéncia, I. Vidafia, Hypernuclei and mas-
sive neutron stars, Phys. Rev. C 95 (2017) 065803, https://doi.org/10.1103/
PhysRevC.95.065803, arXiv:1701.06373.

[51] M. Fortin, A.R. Raduta, S. Avancini, C. Providéncia, Relativistic hypernuclear
compact stars with calibrated equations of state, Phys. Rev. D 101 (2020)
034017, https://doi.org/10.1103/PhysRevD.101.034017, arXiv:2001.08036.

[52] J.R. Stone, PA.M. Guichon, A\W. Thomas, Nuclear symmetry energy and hy-
peronic stars in the QMC model, Front. Astron. Space Sci. 9 (2022) 903007,
https://doi.org/10.3389/fspas.2022.903007.

[53] Z-H. Tu, S.-G. Zhou, Effects of the ¢-meson on the properties of hyperon
stars in the density-dependent relativistic mean field model, Astrophys. J. 925
(2022) 16, https://doi.org/10.3847/1538-4357/ac3996, arXiv:2109.07678.

[54] X. Sun, Z. Miao, B. Sun, A. Li, Astrophysical implications on hyperon couplings
and hyperon star properties with relativistic equations of states, arXiv:2205.
10631, 2022.

[55] R. Abbott, et al., GW190814: gravitational waves from the coalescence of a 23
solar mass black hole with a 2.6 solar mass compact object, Astrophys. J. Lett.
896 (2020) L44, https://doi.org/10.3847/2041-8213/ab960f, arXiv:2006.12611.

[56] E.R. Most, L. Papenfort, L.R. Weih, L. Rezzolla, A lower bound on the maxi-
mum mass if the secondary in GW190814 was once a rapidly spinning neu-
tron star, Mon. Not. R. Astron. Soc. 499 (2020) L82-L86, https://doi.org/10.
1093/mnrasl/slaa168, arXiv:2006.14601.

[57] A. Sedrakian, F. Weber, ]J. Li, Confronting GW190814 with hyperonization
in dense matter and hypernuclear compact stars, Phys. Rev. D 102 (2020)
041301, https://doi.org/10.1103/PhysRevD.102.041301, arXiv:2007.09683.


https://doi.org/10.1140/epja/i2016-16029-x
https://doi.org/10.1016/j.physrep.2017.03.002
https://doi.org/10.1016/j.physrep.2017.03.002
https://doi.org/10.1088/1361-6633/aaae14
https://doi.org/10.1140/epja/i2019-12863-6
https://doi.org/10.1016/j.ppnp.2019.103714
https://doi.org/10.3847/2041-8213/ab1090
https://doi.org/10.3847/2041-8213/ab1090
https://doi.org/10.1016/j.ppnp.2019.103715
https://doi.org/10.1103/PhysRevD.102.063008
https://doi.org/10.1016/j.ppnp.2020.103770
http://refhub.elsevier.com/S0370-2693(22)00604-9/bib2AC680E305246017C24A516F9C5D4695s1
http://refhub.elsevier.com/S0370-2693(22)00604-9/bib2AC680E305246017C24A516F9C5D4695s1
https://doi.org/10.3390/universe7100376
https://doi.org/10.1016/j.ppnp.2021.103879
https://doi.org/10.1016/j.ppnp.2021.103879
https://doi.org/10.1140/epja/i2018-12566-6
https://doi.org/10.1140/epja/i2018-12566-6
https://doi.org/10.1038/nature09466
https://doi.org/10.1126/science.1233232
https://doi.org/10.1038/s41550-019-0880-2
https://doi.org/10.1038/s41550-019-0880-2
https://doi.org/10.3847/2041-8213/ac03b8
https://doi.org/10.3847/2041-8213/ac03b8
https://doi.org/10.3847/2041-8213/ac8007
https://doi.org/10.1103/PhysRevLett.119.161101
https://doi.org/10.1103/PhysRevLett.119.161101
https://doi.org/10.1103/PhysRevLett.121.161101
https://doi.org/10.1103/PhysRevLett.121.161101
https://doi.org/10.1103/PhysRevX.9.011001
https://doi.org/10.3847/2041-8213/aa991c
https://doi.org/10.1103/PhysRevD.96.123012
https://doi.org/10.1103/PhysRevD.96.123012
https://doi.org/10.1103/PhysRevD.97.021501
https://doi.org/10.3847/2041-8213/aaa401
https://doi.org/10.1103/PhysRevC.103.055811
https://doi.org/10.1103/PhysRevC.103.055811
https://doi.org/10.3847/2041-8213/ac0a81
https://doi.org/10.3847/2041-8213/ac089b
https://doi.org/10.3847/2041-8213/ac089b
https://doi.org/10.3847/2041-8213/ab50c5
https://doi.org/10.3847/2041-8213/ab481c
https://doi.org/10.3847/2041-8213/ab481c
https://doi.org/10.1103/PhysRevD.104.063003
https://doi.org/10.1103/PhysRevD.104.063003
https://doi.org/10.1038/s41586-022-04750-w
https://doi.org/10.1038/s41586-022-04750-w
https://doi.org/10.1051/0004-6361/201118560
https://doi.org/10.1209/0295-5075/97/39002
https://doi.org/10.1209/0295-5075/97/39002
https://doi.org/10.1016/j.nuclphysa.2012.02.012
https://doi.org/10.1103/PhysRevC.85.065802
https://doi.org/10.1103/PhysRevC.87.055806
https://doi.org/10.1103/PhysRevC.87.055806
https://doi.org/10.1140/epja/i2014-14044-7
https://doi.org/10.1140/epja/i2014-14044-7
https://doi.org/10.1016/j.physletb.2014.06.002
https://doi.org/10.1088/0004-637X/808/1/8
https://doi.org/10.1103/PhysRevC.89.025805
https://doi.org/10.1103/PhysRevC.89.025805
https://doi.org/10.1088/0954-3899/42/7/075202
https://doi.org/10.1016/j.physletb.2015.07.032
https://doi.org/10.3847/1538-4357/834/1/3
https://doi.org/10.1103/PhysRevC.95.065803
https://doi.org/10.1103/PhysRevC.95.065803
https://doi.org/10.1103/PhysRevD.101.034017
https://doi.org/10.3389/fspas.2022.903007
https://doi.org/10.3847/1538-4357/ac3996
http://refhub.elsevier.com/S0370-2693(22)00604-9/bibF1A37444606521D79A4821615B24E6CEs1
http://refhub.elsevier.com/S0370-2693(22)00604-9/bibF1A37444606521D79A4821615B24E6CEs1
http://refhub.elsevier.com/S0370-2693(22)00604-9/bibF1A37444606521D79A4821615B24E6CEs1
https://doi.org/10.3847/2041-8213/ab960f
https://doi.org/10.1093/mnrasl/slaa168
https://doi.org/10.1093/mnrasl/slaa168
https://doi.org/10.1103/PhysRevD.102.041301

H.R. Fu, JJ. Li, A. Sedrakian et al.

[58] J.J. Li, A. Sedrakian, F. Weber, Rapidly rotating A-resonance-admixed hypernu-
clear compact stars, Phys. Lett. B 810 (2020) 135812, https://doi.org/10.1016/
j.physletb.2020.135812, arXiv:2010.02901.

[59] A. Nathanail, E.R. Most, L. Rezzolla, GW170817 and GW190814: tension on the
maximum mass, Astrophys. J. Lett. 908 (2021) L28, https://doi.org/10.3847/
2041-8213/abdfc6, arXiv:2101.01735.

[60] EJ. Fattoyev, CJ. Horowitz, J. Piekarewicz, B. Reed, GW190814: impact of a
2.6 solar mass neutron star on the nucleonic equations of state, Phys. Rev. C
102 (2020) 065805, https://doi.org/10.1103/PhysRevC.102.065805, arXiv:2007.
03799.

[61] N.-B. Zhang, B.-A. Li, GW190814’s secondary component with mass 2.50-2.67
Mg as a superfast pulsar, Astrophys. J. 902 (2020) 38, https://doi.org/10.3847/
1538-4357/abb470, arXiv:2007.02513.

[62] A. Tsokaros, M. Ruiz, S.L. Shapiro, GW190814: spin and equation of state of a
neutron star companion, Astrophys. J. 905 (2020) 48, https://doi.org/10.3847/
1538-4357/abc421, arXiv:2007.05526.

[63] K. Huang, ]. Hu, Y. Zhang, H. Shen, The possibility of the secondary object in
GW190814 as a neutron star, Astrophys. J. 904 (2020) 39, https://doi.org/10.
3847/1538-4357/abbb37, arXiv:2008.04491.

[64] B. Biswas, R. Nandi, P. Char, S. Bose, N. Stergioulas, GW190814: on the prop-
erties of the secondary component of the binary, Mon. Not. R. Astron. Soc.
505 (2021) 1600-1606, https://doi.org/10.1093/mnras/stab1383, arXiv:2010.
02090.

[65] I. Tews, et al., On the nature of GW190814 and its impact on the under-
standing of supranuclear matter, Astrophys. J. Lett. 908 (2021) L1, https://
doi.org/10.3847/2041-8213/abdaae, arXiv:2007.06057.

[66] V. Dexheimer, R.O. Gomes, T. Kldhn, S. Han, M. Salinas, GW190814 as a mas-
sive rapidly rotating neutron star with exotic degrees of freedom, Phys. Rev. C
103 (2021) 025808, https://doi.org/10.1103/PhysRevC.103.025808, arXiv:2007.
08493.

[67] H. Tan, ]. Noronha-Hostler, N. Yunes, Neutron star equation of state in light
of GW190814, Phys. Rev. Lett. 125 (2020) 261104, https://doi.org/10.1103/
PhysRevLett.125.261104, arXiv:2006.16296.

[68] I. Bombaci, A. Drago, D. Logoteta, G. Pagliara, I. Vidafia, Was GW190814 a
black hole-strange quark star system?, Phys. Rev. Lett. 126 (2021) 162702,
https://doi.org/10.1103/PhysRevLett.126.162702, arXiv:2010.01509.

[69] Z. Roupas, G. Panotopoulos, 1. Lopes, QCD color superconductivity in com-
pact stars: color-flavor locked quark star candidate for the gravitational-wave
signal GW190814, Phys. Rev. D 103 (2021) 083015, https://doi.org/10.1103/
PhysRevD.103.083015, arXiv:2010.11020.

[70] J.-E. Christian, J. Schaffner-Bielich, Supermassive neutron stars rule out twin
stars, Phys. Rev. D 103 (2021) 063042, https://doi.org/10.1103/PhysRevD.103.
063042, arXiv:2011.01001.

[71] T. Demircik, C. Ecker, M. Jdrvinen, Rapidly spinning compact stars with de-
confinement phase transition, Astrophys. ]. Lett. 907 (2021) L37, https://
doi.org/10.3847/2041-8213/abd853, arXiv:2009.10731.

[72] M. Ju, J. Hu, H. Shen, Hadron-quark pasta phase in massive neutron stars, As-
trophys. J. 923 (2021) 250, https://doi.org/10.3847/1538-4357/ac30dd, arXiv:
2111.08909.

[73] R. Abbott, et al., GWTC-3: compact binary coalescences observed by LIGO and
Virgo during the second part of the third observing run, arXiv:2111.03606,
2021.

[74] JJ. de Swart, The octet model and its Clebsch-Gordan coefficients, Rev. Mod.
Phys. 35 (1963) 916-939, https://doi.org/10.1103/RevModPhys.35.916.

[75] J. Schaffner, et al., Multiply strange nuclear systems, Ann. Phys. 235 (1994)
35-76, https://doi.org/10.1006/aphy.1994.1090.

[76] S. Typel, H.H. Wolter, Relativistic mean field calculations with density de-
pendent meson nucleon coupling, Nucl. Phys. A 656 (1999) 331-364, https://
doi.org/10.1016/S0375-9474(99)00310-3.

[77] G.A. Lalazissis, T. Niksic, D. Vretenar, P. Ring, New relativistic mean-field in-
teraction with density-dependent meson-nucleon couplings, Phys. Rev. C 71
(2005) 024312, https://doi.org/10.1103/PhysRevC.71.024312.

[78] JJ. Li, A. Sedrakian, Constraining compact star properties with nuclear satu-
ration parameters, Phys. Rev. C 100 (2019) 015809, https://doi.org/10.1103/
PhysRevC.100.015809, arXiv:1903.06057.

[79] B.D. Serot, ].D. Walecka, Recent progress in quantum hadrodynamics, Int. J.
Mod. Phys. E 6 (1997) 515-631, https://doi.org/10.1142/S0218301397000299,
arXiv:nucl-th/9701058.

[80] D. Vretenar, A.V. Afanasjev, G.A. Lalazissis, P. Ring, Relativistic Hartree Bogoli-
ubov theory: static and dynamic aspects of exotic nuclear structure, Phys. Rep.
409 (2005) 101-259, https://doi.org/10.1016/j.physrep.2004.10.001.

[81] A.R. Raduta, A. Sedrakian, F. Weber, Cooling of hypernuclear compact stars,
Mon. Not. R. Astron. Soc. 475 (2018) 4347-4356, https://doi.org/10.1093/
mnras/stx3318, arXiv:1712.00584.

[82] J. Margueron, R. Hoffmann Casali, F. Gulminelli, Equation of state for dense
nucleonic matter from metamodeling. II. Predictions for neutron star prop-

Physics Letters B 834 (2022) 137470

erties, Phys. Rev. C 97 (2018) 025806, https://doi.org/10.1103/PhysRevC.97.
025806, arXiv:1708.06895.

[83] C.B. Dover, A. Gal, Hyperon nucleus potentials, Prog. Part. Nucl. Phys. 12
(1985) 171-2309, https://doi.org/10.1016/0146-6410(84)90004-8.

[84] T.A. Rijken, V.G.J. Stoks, Y. Yamamoto, Soft core hyperon - nucleon potentials,
Phys. Rev. C 59 (1999) 21-40, https://doi.org/10.1103/PhysRevC.59.21, arXiv:
nucl-th/9807082.

[85] PA. Zyla, et al., Review of particle physics, Prog. Theor. Exp. Phys. 2020 (2020)
083C01, https://doi.org/10.1093/ptep/ptaal04.

[86] A. Feliciello, T. Nagae, Experimental review of hypernuclear physics: recent
achievements and future perspectives, Rep. Prog. Phys. 78 (2015) 096301,
https://doi.org/10.1088/0034-4885/78/9/096301.

[87] A. Gal, EV. Hungerford, DJ. Millener, Strangeness in nuclear physics, Rev.
Mod. Phys. 88 (2016) 035004, https://doi.org/10.1103/RevModPhys.88.035004,
arXiv:1605.00557.

[88] J.K. Ahn, et al., Double-A hypernuclei observed in a hybrid emulsion exper-
iment, Phys. Rev. C 88 (2013) 014003, https://doi.org/10.1103/PhysRevC.88.
014003.

[89] G. Baym, C. Pethick, P. Sutherland, The ground state of matter at high densi-
ties: equation of state and stellar models, Astrophys. J. 170 (1971) 299-317,
https://doi.org/10.1086/151216.

[90] G. Baym, H.A. Bethe, C. Pethick, Neutron star matter, Nucl. Phys. A 175 (1971)
225-271, https://doi.org/10.1016/0375-9474(71)90281-8.

[91] M. Fortin, C. Providencia, A.R. Raduta, F. Gulminelli, J.L. Zdunik, P. Haensel,
M. Bejger, Neutron star radii and crusts: uncertainties and unified equations
of state, Phys. Rev. C 94 (2016) 035804, https://doi.org/10.1103/PhysRevC.94.
035804, arXiv:1604.01944.

[92] ]. Piekarewicz, F]. Fattoyev, Impact of the neutron star crust on the tidal po-
larizability, Phys. Rev. C 99 (2019) 045802, https://doi.org/10.1103/PhysRevC.
99.045802, arXiv:1812.09974.

[93] D. Adhikari, et al., Accurate determination of the neutron skin thickness of
208ph through parity-violation in electron scattering, Phys. Rev. Lett. 126
(2021) 172502, https://doi.org/10.1103/PhysRevLett.126.172502, arXiv:2102.
10767.

[94] B.T. Reed, FJ. Fattoyev, CJ. Horowitz, ]. Piekarewicz, Implications of PREX-2
on the equation of state of neutron-rich matter, Phys. Rev. Lett. 126 (2021)
172503, https://doi.org/10.1103/PhysRevLett.126.172503, arXiv:2101.03193.

[95] P-G. Reinhard, X. Roca-Maza, W. Nazarewicz, Information content of the
parity-violating asymmetry in 2%8Pb, Phys. Rev. Lett. 127 (2021) 232501,
https://doi.org/10.1103/PhysRevLett.127.232501, arXiv:2105.15050.

[96] A. Drago, A. Lavagno, G. Pagliara, Can very compact and very massive neu-
tron stars both exist?, Phys. Rev. D 89 (2014) 043014, https://doi.org/10.1103/
PhysRevD.89.043014, arXiv:1309.7263.

[97] A. Taninah, S.E. Agbemava, A.V. Afanasjev, P. Ring, Parametric correlations in
energy density functionals, Phys. Lett. B 800 (2020) 135065, https://doi.org/
10.1016/j.physletb.2019.135065, arXiv:1910.13007.

[98] B. Wei, et al., Novel relativistic mean field Lagrangian guided by pseudo-
spin symmetry restoration, Chin. Phys. C 44 (2020) 074107, https://doi.org/
10.1088/1674-1137/44/7/074107.

[99] C. Breu, L. Rezzolla, Maximum mass, moment of inertia and compactness of
relativistic stars, Mon. Not. R. Astron. Soc. 459 (2016) 646-656, https://doi.
org/10.1093/mnras/stw575, arXiv:1601.06083.

[100] F. Weber, N. Glendenning, Applicability of the improved Hartle method for the
construction of general relativistic rotating neutron star models, Astrophys. J.
390 (1991) 541, https://doi.org/10.1086/171304.

[101] G.B. Cook, S.L. Shapiro, S.A. Teukolsky, Rapidly rotating neutron stars in
general relativity: realistic equations of state, Astrophys. J. 424 (1994) 823,
https://doi.org/10.1086/173934.

[102] N. Stergioulas, J.L. Friedman, Comparing models of rapidly rotating relativistic
stars constructed by two numerical methods, Astrophys. ]. 444 (1995) 306,
https://doi.org/10.1086/175605, arXiv:astro-ph/9411032.

[103] P. Haensel, M. Salgado, S. Bonazzola, Equation of state of dense matter and
maximum rotation frequency of neutron stars, Astron. Astrophys. 296 (1995)
745.

[104] www.gravity.phys.uwm.edu/rns/.

[105] V. Paschalidis, N. Stergioulas, Rotating stars in relativity, Living Rev. Relativ. 20
(2017) 1-169.

[106] J.W.T. Hessels, et al., A radio pulsar spinning at 716 Hz, Science 311 (2006)
1901-1904, https://doi.org/10.1126/science.1123430, arXiv:astro-ph/0601337.

[107] S. Yamasaki, T. Totani, K. Kiuchi, FRB 181112 as a Rapidly-Rotating Massive
Neutron Star Just After a Binary Neutron Star Merger?: Implications for Future
Constraints on Neutron Star Equations of State, 2020, arXiv:2010.07796.

[108] K-W. Lo, L-M. Lin, The spin parameter of uniformly rotating compact
stars, Astrophys. J. 728 (2011) 12, https://doi.org/10.1088/0004-637X/728/1/
12, arXiv:1011.3563.


https://doi.org/10.1016/j.physletb.2020.135812
https://doi.org/10.1016/j.physletb.2020.135812
https://doi.org/10.3847/2041-8213/abdfc6
https://doi.org/10.3847/2041-8213/abdfc6
https://doi.org/10.1103/PhysRevC.102.065805
https://doi.org/10.3847/1538-4357/abb470
https://doi.org/10.3847/1538-4357/abb470
https://doi.org/10.3847/1538-4357/abc421
https://doi.org/10.3847/1538-4357/abc421
https://doi.org/10.3847/1538-4357/abbb37
https://doi.org/10.3847/1538-4357/abbb37
https://doi.org/10.1093/mnras/stab1383
https://doi.org/10.3847/2041-8213/abdaae
https://doi.org/10.3847/2041-8213/abdaae
https://doi.org/10.1103/PhysRevC.103.025808
https://doi.org/10.1103/PhysRevLett.125.261104
https://doi.org/10.1103/PhysRevLett.125.261104
https://doi.org/10.1103/PhysRevLett.126.162702
https://doi.org/10.1103/PhysRevD.103.083015
https://doi.org/10.1103/PhysRevD.103.083015
https://doi.org/10.1103/PhysRevD.103.063042
https://doi.org/10.1103/PhysRevD.103.063042
https://doi.org/10.3847/2041-8213/abd853
https://doi.org/10.3847/2041-8213/abd853
https://doi.org/10.3847/1538-4357/ac30dd
http://refhub.elsevier.com/S0370-2693(22)00604-9/bibAA72BC9277712DBF441F8A85131E9BC7s1
http://refhub.elsevier.com/S0370-2693(22)00604-9/bibAA72BC9277712DBF441F8A85131E9BC7s1
http://refhub.elsevier.com/S0370-2693(22)00604-9/bibAA72BC9277712DBF441F8A85131E9BC7s1
https://doi.org/10.1103/RevModPhys.35.916
https://doi.org/10.1006/aphy.1994.1090
https://doi.org/10.1016/S0375-9474(99)00310-3
https://doi.org/10.1016/S0375-9474(99)00310-3
https://doi.org/10.1103/PhysRevC.71.024312
https://doi.org/10.1103/PhysRevC.100.015809
https://doi.org/10.1103/PhysRevC.100.015809
https://doi.org/10.1142/S0218301397000299
https://doi.org/10.1016/j.physrep.2004.10.001
https://doi.org/10.1093/mnras/stx3318
https://doi.org/10.1093/mnras/stx3318
https://doi.org/10.1103/PhysRevC.97.025806
https://doi.org/10.1103/PhysRevC.97.025806
https://doi.org/10.1016/0146-6410(84)90004-8
https://doi.org/10.1103/PhysRevC.59.21
https://doi.org/10.1093/ptep/ptaa104
https://doi.org/10.1088/0034-4885/78/9/096301
https://doi.org/10.1103/RevModPhys.88.035004
https://doi.org/10.1103/PhysRevC.88.014003
https://doi.org/10.1103/PhysRevC.88.014003
https://doi.org/10.1086/151216
https://doi.org/10.1016/0375-9474(71)90281-8
https://doi.org/10.1103/PhysRevC.94.035804
https://doi.org/10.1103/PhysRevC.94.035804
https://doi.org/10.1103/PhysRevC.99.045802
https://doi.org/10.1103/PhysRevC.99.045802
https://doi.org/10.1103/PhysRevLett.126.172502
https://doi.org/10.1103/PhysRevLett.126.172503
https://doi.org/10.1103/PhysRevLett.127.232501
https://doi.org/10.1103/PhysRevD.89.043014
https://doi.org/10.1103/PhysRevD.89.043014
https://doi.org/10.1016/j.physletb.2019.135065
https://doi.org/10.1016/j.physletb.2019.135065
https://doi.org/10.1088/1674-1137/44/7/074107
https://doi.org/10.1088/1674-1137/44/7/074107
https://doi.org/10.1093/mnras/stw575
https://doi.org/10.1093/mnras/stw575
https://doi.org/10.1086/171304
https://doi.org/10.1086/173934
https://doi.org/10.1086/175605
http://refhub.elsevier.com/S0370-2693(22)00604-9/bib8A0696970C265E83BCA969D5DEBBD23Cs1
http://refhub.elsevier.com/S0370-2693(22)00604-9/bib8A0696970C265E83BCA969D5DEBBD23Cs1
http://refhub.elsevier.com/S0370-2693(22)00604-9/bib8A0696970C265E83BCA969D5DEBBD23Cs1
http://www.gravity.phys.uwm.edu/rns/
http://refhub.elsevier.com/S0370-2693(22)00604-9/bib017D6DF4BD8336E493874C7DDA9141F8s1
http://refhub.elsevier.com/S0370-2693(22)00604-9/bib017D6DF4BD8336E493874C7DDA9141F8s1
https://doi.org/10.1126/science.1123430
http://refhub.elsevier.com/S0370-2693(22)00604-9/bib0D9BFECE649E478851120DC9228A7CE7s1
http://refhub.elsevier.com/S0370-2693(22)00604-9/bib0D9BFECE649E478851120DC9228A7CE7s1
http://refhub.elsevier.com/S0370-2693(22)00604-9/bib0D9BFECE649E478851120DC9228A7CE7s1
https://doi.org/10.1088/0004-637X/728/1/12
https://doi.org/10.1088/0004-637X/728/1/12

	Massive relativistic compact stars from SU(3) symmetric quark models
	1 Introduction
	2 CDF model for hypernuclear matter
	3 Gross properties of hyperonic stars
	3.1 Static sequences of hyperonic stars
	3.2 Keplerian sequences of hyperonic stars
	3.3 GW sources with M2≲3M⊙ interpreted as fast rotating compact stars

	4 Summary and conclusions
	Declaration of competing interest
	Data availability
	Acknowledgements
	References


