Systematics on the high-density nuclear equation of
state from relativistic Hartree-Fock theory with
Brown-Rho scaling
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Laboratory experiments sensitive to the equation of state of neutron rich matter in the vicinity of nuclea
saturation density provide the first rung in a “density ladder™ that connects terrestrial experiments t
astronomical observations. In this context, the neutron skin thickness of 20%Pb (R2® ) provides a stringen
laboratory constraint on the density dependence of the symmetry energy. In turn, an improved value of R3!
has been reported recently by the PREX collaboration. Exploiting the strong correlation between R3% an
the slope of the symmetry energy L within a specific class of relativistic energy density functionals

UG Analytic
~

we report a value of L = (106 = 37) MeV—which systematically overestimates current limits based o
both theoretical approaches and experimental measurements. The impact of such a stiff symmetry energ'
on some critical neutron-star observables is also examined.
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Gravitational-Wave Constraints on the Neutron-Star-Matter Equation of State
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The detection of gravitational waves originating from a neutron-star merger, GW170817, by the LIGO
and Virgo Collaborations has recently provided new stringent limits on the tidal deformabilities of the stars
involved in the collision. Combining this measurement with the existence of two-solar-mass stars, we
generate a generic family of neutron-star-matter equations of state (EOSs) that interpolate between state-of-
the-art theoretical results at low and high baryon density. Comparing the results to ones obtained without
the tidal-deformability constraint, we witness a dramatic reduction in the family of allowed EOSs. Based on
our analysis, we conclude that the maximal radius of a 1.4-solar-mass neutron star is 13.6 km, and that the
smallest allowed tidal deformability of a similar-mass star is A(1.4 M) = 120.
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Neutron Skins and Neutron Stars in the Multimessenger Era
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The historical first detection of a binary neutron star merger by the LIGO-Virgo Collaboration
[B. P. Abbott er al., Phys. Rev. Lett. 119, 161101 (2017)] is providing fundamental new insights into the
astrophysical site for the r process and on the nature of dense matter. A set of realistic models of the
equation of state (EOS) that yield an accurate description of the properties of finite nuclei, support neutron
stars of two solar masses, and provide a Lorentz covariant extrapolation to dense matter are used to confront
its predictions against tidal polarizabilities extracted from the gravitational-wave data. Given the sensitivity
of the gravitational-wave signal to the underlying EOS, limits on the tidal polarizability inferred from the
observation translate into constraints on the neutron-star radius. Based on these constraints, models that
predict a stiff symmetry energy, and thus large stellar radii, can be ruled out. Indeed, we deduce an upper
limit on the radius of a 1.4M, neutron star of RY* < 13.76 km. Given the sensitivity of the neutron-skin
thickness of **Pb to the symmetry energy, albeit at a lower density, we infer a corresponding upper limit of
about R3% <0.25 fm. However, if the upcoming PREX-II experiment measures a significantly thicker
skin, this may be evidence of a softening of the symmetry energy at high densities—likely indicative of a
phase transition in the interior of neutron stars.
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New Constraints on Radii and Tidal Deformabilities of Neutron Stars from GW170817
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We explore in a parameterized manner a very large range of physically plausible equations of state
(EOSs) for compact stars for matter that is either purely hadronic or that exhibits a phase transition. In
particular, we produce two classes of EOSs with and without phase transitions, each containing one million
EOSs. We then impose constraints on the maximum mass (M < 2.16 M) and on the dimensionless tidal
deformability (A < 800) deduced from GW 170817, together with recent suggestions of lower limits on A.
Exploiting more than 10? equilibrium models for each class of EOSs, we produce distribution functions of
all the stellar properties and determine, among other quantities, the radius that is statistically most probable
for any value of the stellar mass. In this way, we deduce that the radius of a purely hadronic neutron star
with a representative mass of 1.4 M, is constrained to be 12.00 < R, ;/km < 13.45 at a 26 confidence
level, with a most likely value of R 4 = 12.39 km; similarly, the smallest dimensionless tidal deformability
is A, 4 > 375, again at a 20 level. On the other hand, because EOSs with a phase transition allow for very
compact stars on the so-called “twin-star” branch, small radii are possible with such EOSs although not
probable, i.e., 8.53 < R, ,/km < 13.74 and R, , = 13.06 km at a 25 level, with A, > 35.5 at a 35 level.
Finally, since these EOSs exhibit upper limits on A, the detection of a binary with a total mass of 3.4 Mg
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GW170817: Measurements of Neutron Star Radii and Equation of State

B.P. Abbott er al.”
(The LIGO Scientific Collaboration and the Virgo Collaboration)

M (Received 5 June 2018; revised manuscript received 25 July 2018; published 15 October 2018)

On 17 August 2017, the LIGO and Virgo observatories made the first direct detection of gravitational
waves from the coalescence of a neutron star binary system. The detection of this gravitational-wave signal,
GW 170817, offers a novel opportunity to directly probe the properties of matter at the extreme conditions
found in the interior of these stars. The initial, minimal-assumption analysis of the LIGO and Virgo data
placed constraints on the tidal effects of the coalescing bodies, which were then translated to constraints on
neutron star radii. Here, we expand upon previous analyses by working under the hypothesis that both bodies
were neutron stars that are described by the same equation of state and have spins within the range observed in
Galactic binary neutron stars. Our analysis employs two methods: the use of equation-of-state-insensitive
relations between various macroscopic properties of the neutron stars and the use of an efficient
parametrization of the defining function p(p) of the equation of state itself. From the LIGO and Virgo
data alone and the first method, we measure the two neutron star radii as R, = 10.8_’|2.'(7) km for the heavier
star and R, = 10.777] km for the lighter star at the 90% credible level. If we additionally require that the
equation of state supports neutron stars with masses larger than 1.97 M, as required from electromagnetic
observations and employ the equation-of-state parametrization, we further constrain R, = 11.9::_': km and
R, =1 1.9:,':: km at the 90% credible level. Finally, we obtain constraints on p(p) at supranuclear densities,
with pressure at twice nuclear saturation density measured at 3.5'27 x 10** dyncm™2 at the 90% level.
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Relativistic Hartree-Fock approximation in a nonlinear model for nuclear matter and finite nuclei
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Neutron star properties in density-dependent relativistic Hartree-Fock theory
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Model Jo o0 ( Tx | = y z | Eg/A(MeV)[r(MeV) ] Esym (MeV) | L(MeV) [ Mypaz /Mg | R(1.4Mg)
SLC 10.1408|10.3261 | 3.8021 - 0.1260.239 - -16.3 230.0 31.6 92.3 2.01 12.6
SLCD [10.1408|10.3261|5.7758| - 0.126]0.239|0.5191 -16.3 230.0 31.6 61.5 2.00 11.5
RHFSL1 |10.410 | 10.190 | 1.721 - 0.126(0.239 B -16.0 300.6 31.6 90.4 1.84 13.6
RHFSLD1|10.236 | 9.978 | 2.832 - 0.126(0.239|0.5191 -16.0 276.3 31.6 79.7 1.74 13.2
RHFSLD2| 9.863 | 9.798 | 2.468 |1.000{0.126(0.239|0.5191 -16.0 237.8 31.6 76.9 1.71 12.5
RHFSLD3|10.485 | 10.838 | 0.130 | 1.000(0.126|0.210/0.5191 -16.0 301.0 31.6 96.0 2.06 13.9
RHFSLD4| 9.898 | 10.063 | 1.905 | 1.000{0.092(0.170|0.5191 -16.0 303.8 31.6 84.7 2.13 13.6
RHEFSLD5| 9.148 8.922 | 2.789 |1.000|0.053|0.140]0.5191 -16.0 292.3 31.6 73.1 2.09 13.1
RHF 10.607 | 11.759 1.000( - - B -16.0 524.7 37.9 149.2 2.80 15.0
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Si-Na Wei, Wei-Zhou Jiang, and Zhao-Qing Feng,

Phys. Rev. C 104, 045804( 2021).




jegns
1 /ERHF % FEBR scaling, 7] A5 A% P i IR 2 7 FEAR B
ZTEBR scaling, XERAZY) L PPIRAS 5 R n] AR & i HE f
EJHHEHXHQKEFEJ X 1] BbAh,  AEXERRAZ Y IR 2S5 FEOR R
RE)TEAZ W) 00 % 5 PL A a2 AR 1 U R J AT L8 R %

2.4 D'@Tlﬁéﬁtt SIS (e = 0.126),1.415% KPH R =) 51
BRI GW170817 45 th ) L IR PR (Ry4p, ~ 13.7km).
Mx = 0.0920), 1.44%5 K= H 12115 N13.6km, %
T FGW1708172%5 i) LIRFR ] FIrBL, I him | FFx <
0.092H), RHFAYTF&E.&5 R AL,




