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Table 1 Details of the several CDF effective Lagrangians

Fock o©-NL ®-NL DD m-PV  p-T Ref.

PKO1 v X X v v X [35]
PKO2 v X X v x X [37]
PKO3 v X X v v X [37]
PKAI v X X v v v [36]
TW99 X X X v X X [23]
DD-ME1 X X X v X X [24]
DD-ME2 X X X v X X [25]
PKDD X X X v X X [22]
NL-SH X v X X X X [19]
™1 X v N4 X X X [20]
NL3 X v X X X X [21]
PK1 X v v X X X [22]
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Figure 1 (Color online) The nuclear symmetry energy Es as a function
of the baryon density pp. The results are calculated by DDRHF with

PKOI, PKO2, and PKO3, in comparison to those by RMF with TW99,
DD-ME2, PKDD, and NL3. Data were taken from ref. [49].
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Figure 2 (Color online) Contributions from the kinetic energy and

isoscalar channels to the symmetry energy as a function of the baryon
density pp. Taken from ref. [49].
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Figure 3 (Color online) Contributions from p mesons to the symmetry
energy as a function of the baryon density pj. Taken from ref. [49].
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Figure 4 (Color online) Decomposition of the nuclear symmetry en-
ergy Eg, namely the kinetic energy part E , isospin-singlet potential part
Es 10 (a) and isospin-triplet potential part Eg7—; (b), as functions of
baryonic density pj,. The results are calculated with RHF models PKO1
and PKAI, in comparison to RMF ones TW99 and PKDD. Taken from
ref. [53].
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Figure 5 (Color online) The isospin-singlet potential symmetry energy
Eg -0 is decomposed into a Hartree part Eg’fjop from o and p-meson

coupling channels, and a Fock part ESE{?:: from p and 7-meson coupling

channels, as functions of baryonic density p, (a). The isospin-triplet po-

tential symmetry energy Esr— is divided into a Hartree part E;if:f

from ¢ and p-meson coupling channels, a Fock part Eﬁﬁ;ﬂ from p

and m-meson coupling channels, and a Fock part Eﬁf:lw from ¢ and
w-meson coupling channels (b). The results are calculated with RHF
effective interactions PKO1 and PKA1, and with RMF ones TW99 and
PKDD. Taken from ref. [53].
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Table 2 Kinetic energy (kin), isospin-singlet (7' = 0) and isospin-triplet
(T = 1) potential energy contributions to the symmetry energy J and
its density slope L (in unit MeV) at nuclear saturation density with the
selected CDF effective interactions. The CDF values are taken from
ref. [53] and the BHF values are taken from ref. [57]
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Figure 6 (Color online) The symmetry energy as a function of the bary-
onic density with the CDF effective interactions PKA1 and TW99 for the
stellar matter containing nucleons, A hyperons, electrons, and muons, as
compared to the one without A hyperons. Data were taken from ref. [50].
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Figure 7 (Color online) The corresponding contribution to the symme-

try energy for the stellar matter from Hartree and Fock channels with
PKA1 compared with TW99. Data were taken from ref. [50].
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Table 3 The radii and their differences (in unit km) for neutron stars
having maximum mass configuration without (Rpay) and with (R, ) the
inclusion of A hyperons. Data are taken from ref. [50]

PKA1 PKO3 PKDD TW99 PK1  NL-SH
Rmax  12.354 12487 11.798 10.632 12.705 13.534
RE 10425 11495 11583 10.333 13.048 13.633
ARmax 1929 0992 0215 0299 -0.343 -0.099
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PRI 590, L5 AN R GBR AR 1Y JE7 15 31 1 20 45 SR AR AE
P rp—JF s 1601 54 X SCHiR [50]

Figure 8 (Color online) The mass-radius relations for the neutron stars
with A hyperons (solid lines) and without A hyperons (dashed lines).
The symbols denote the neutron stars with maximum masses. The mass
of the pulsar J1614-2230 is taken from ref. [58]. The region excluded by
causality is shaded. For comparison the observational constraints from
three neutron stars in the binaries 4U 1608—248, EXO 1745—248, and
4U 1820—30 in ref. [59] are shown as the 10 and 20 confidence con-
tours, and the later analyses in ref. [60] are denoted by the shaded areas

with two different models of photospheric radius. Data are taken from
ref. [50].
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Figure 9 (Color online) The symmetry energy of nuclear matter as
a function of baryon density. The results are calculated with the full
EDFs determined by the DDRHF functionals PKA1, PKO1, and PKO3,
as compared to those dropping the tensor force contributions (red lines).
The lower plot shows the symmetry energy (solid line) and the contribu-

tions only from the tensor terms (dashed line) taking PKA1 as an exam-
ple. Taken from ref. [52].
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Figure 10 (Color online) Contributions to the symmetry energy from
the tensor force components in various meson-nucleon coupling chan-
nels (plot (a)) and the tensor coupling constants (plot (b)) as functions

of baryon density. The results are extracted from the calculations of
DDRHF with PKA1. Taken from ref. [52].
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Figure 11  (Color online) Decomposition of the kinetic part Eg; of the symmetry energy, namely, the mass-related and momentum-related terms ngk

and Eg «» according to eq.(22) (a). (b) E;’k is separated again according to various components of the self-energy. The results are calculated with RHF
effective interaction PKO1, in comparison with RMF one TW99. Taken from ref. [53].
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Figure 12 (Color online) Mass-radius relations of the neutron stars.
The results are calculated by using the DDRHF functionals PKAI,
PKOI, and PKO3, as compared to those dropping the tensor terms. Taken
from ref. [52].
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Figure 13 (Color online) The density dependence of the kinetic (blue
lines) and potential parts (red lines) of the symmetry energy calculated
with the RHF models PKO1 and PKA1, and with the RMF models TW99
and PKDD. For comparison, the referred lines (dash-dot-dotted) and re-
gions with error bar from the correlated Fermi gas (CFG) model [79] for
the kinetic and potential parts are given as well. Taken from ref. [53].
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Figure 14 (Color online) The first-order variation of total symmetry energy Eg (a), (d), kinetic symmetry energy Eg (b), (¢) and potential symmetry
energy Eg o (), (f) with respect to various coupling constants gs,&w,&p, and fr. The results are calculated by the RMF model TW99 (a)—(c) and the

RHF model PKOL1 (d)—(f). The panel (f) is decomposed further into Hartree and Fock contributions in the right. Taken from ref. [53].
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Symmetry energy of nuclear matter in relativistic
Hartree-Fock theory
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Several topics on the symmetry energy of nuclear matter in relativistic Hartree-Fock theory are reviewed. General for-
mulism of the newly developed density-dependent relativistic Hartree-Fock theory for hadronic matter is presented briefly.
The effects of Fock terms on the nuclear symmetry energy are reviewed in detail from three aspects: the extra enhancement
from the Fock terms of the isoscalar meson-nucleon coupling channels, the extra hyperon-induced suppression effect orig-
inating from the Fock channel, self-consistent tensor effects embedded automatically in the Fock diagrams. The naturally
involved tensor force components in the Fock diagrams soften the density-dependent behavior of the symmetry energy and
consequently lead neutron stars to be more compact. Finally, the error estimates of theoretical models are performed by
doing a variation procedure, and possible ways to improve the relativistic Hartree-Fock models are discussed.
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