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Figure 1 (a) Mass-radius relations of neutron stars, calculated from
equations of state (EoSs) constructed to match different neutron skin
thickness. (b) Gravitational-wave tidal deformability (A) as a function
of neutron star mass, calculated from the same set of EoSs. The error
bars represent constraints inferred from the GW170817 detection [22].
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Figure 2 (a, b) Speed-of-sound profiles with different structures. (c, d)
Mass-radius relations and tidal deformability of neutron stars,
calculated from these speed-of-sound profiles.
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Figure 3 (@) Schematic diagram of speed-of-sound profile
construction from different starting points employing the EoS for thick
neutron skin. Corresponding constraint ranges for the peaking point are
also shown. (b-d) Pressure as a function of energy density,
corresponding to numerous sets of speed-of-sound profiles constructed
from different starting points, along with screening results. (e-g)
Mass-radius relations of neutron stars calculated from the same sets of
speed-of-sound profiles, along with screening results.
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Figure 4 (a) Construction of speed-of-sound profiles corresponding
to different nuclear-to-quark matter phase transitions. (b) Pressure as a
function of energy density, corresponding to the above speed-of-sound
profiles. (c) Mass-radius relations of neutron stars calculated from the
above speed-of-sound profiles. (d) Tidal deformability of neutron stars
calculated from the above speed-of-sound profiles. The case of EoS for
thick neutron skin is displayed as gray dashed curves in each panel.
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Constraints on speed of sound within neutron stars

Manjia Chen*, Dawei Guan?, and Junchen Pei*

! State Key Laboratory of Nuclear Physics and Technology,
School of Physics, Peking University, Beijing 100871, China;

2 China General Nuclear Southern Technology Co., Ltd., Zhongshan 528400, China

With the advancement of multi-messenger astronomical observation techniques, observational data has been
providing us crucial constraints for understanding the properties of dense nuclear matter. Additionally, measurements
on the neutron skin thickness in finite nuclei have also imposed new constraints on the nuclear equations of state
(E0S). The speed of sound in neutron stars naturally bridges nuclear matter and quark matter, thus it has become an
effective approach for studying the EoS of dense nuclear matter. In this work, we constructed different
speed-of-sound profiles in the dense region and investigated the constraints provided by neutron star mass, radius,
and dimensionless tidal deformability on the nuclear EoS. Notably, by incorporating experimental results of neutron
skin thickness in finite nuclei, the screened speed-of-sound profiles reveal the exotic of a softening slope followed by
a hardening rise, and we further discussed the possible phase transition processes. We also present a discussion on the
possible ultra-light neutron star in the supernova remnant HESS J1731-347.

Dense nuclear matter, speed of sound, neutron stars, equation of state
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