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Table 1 The neutron-star observational data used in the present work
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Figure 1 (Color online) Posterior probability density distributions of
the nuclear EOS parameters obtained from the updated neutron star ra-
dius observational data (shown by red curves). For comparison, the re-
sults in ref. [26] (shown by blue curves), by the results of chiral effective
field theory (shown by the green curves) and by the observation data
listed in Table 1 (shown by purple curves) are included.
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Table 2 The 90% confidence intervals for the six parameters derived from the neutron star observational data in Table 1 and results from chiral
effective field theory. For comparison, the results from ref. [26] are also presented in the table. The units of the parameters are in MeV
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Figure 2 (Color online) The 68% and 90% confidence regions for the
energy per nucleon in symmetric nuclear matter and nuclear symmetry
energy as functions of the reduced density based on the data listed in
Table 1.
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Figure 3 (Color online) Posterior probability distribution functions (red curves) of neutron star macroscopic properties derived from the latest neutron
star radius observational data listed in Table 1 and results from chiral effective field theory [23], including the radii of 1.4 and 2.0 solar mass neutron
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stars (R} 4, Ry0), the maximum neutron star mass (Mp.x), AR, and the pressure at densities of 1.5p¢, 200, 2.500, and 3pg. For comparison, the figure also
includes posterior distributions (blue curves) from ref. [26] based on previous neutron star radius observational data, as well as results from ref. [38]
based on the piecewise-polytropic (PP) model and the constant-speed-of-sound (CS) model.

£ 3 BETRIFEYIMECH 7 B 245 00 R 105 R 80510 45 R A3 B+ 7 B 2 URRHE R 168%M90% B F X I, 5
13 21 i 2 P AR ) 5 SR T 0
Table 3 Macroscopic properties of neutron stars correspond to the 68% and 90% confidence intervals based on the latest neutron star radius ob-

servational data and the results from chiral effective field theory listed in Table 1, which align with the results represented by the red curves in
Figure 3
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Figure 4 (Color online) The 68% and 90% confidence regions for the correlations between Moy and AR (left panel), M and R (middle panel), and
R and R; 4 (right panel). For comparison, these in ref. [38] and the observations from NICER collaboration are included.
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In this work, we employ the equation of state (EOS) of neutron star core matter with explicit isospin dependence, combined
with the latest neutron star radius observations and chiral effective field theory (EFT) constraints at low densities, to perform
a Bayesian analysis of the EOS parameter uncertainties and their impact on neutron star macroscopic properties. The
results indicate that the constraints on the symmetric nuclear matter parameters K, and Jy remain relatively stable, while
the uncertainties in the symmetry energy parameters L and K, are significantly reduced, yielding L = 58.0if£0 MeV and
Koym = —156.0?3:8 MeV at the 90% credible level. The symmetry energy at twice saturation density is further constrained
within 39.5-49.5 MeV. These results suggest that chiral EFT plays a dominant role at low densities, whereas neutron star
observations primarily constrain the high-density behavior of the EOS. The macroscopic properties of neutron stars are
also more tightly constrained. At the 90% credible level, the maximum mass is 2.204_'8:;8M®, which disfavors interpreting
the secondary compact object in GW190814 as a neutron star. The radius difference AR = R,y — R 4 is constrained to
—O.27j8: 13 km, indicating that the joint analysis of the latest neutron star observations and chiral EFT favors a relatively
soft EOS. In contrast, analyses based solely on neutron star observations or chiral EFT results yield AR > 0, corresponding

to a stiffer EOS.
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