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Abstract: The temperature dependence of neutron star structure significantly alters the equation of state, thereby
affecting observable properties such as the moment of inertia and gravitational redshift. Using relativistic mean-field
(RMF) theory with hyperonic degrees of freedom under SU(3) flavor and SU(6) spin-flavor symmetries, we investig-
ate thermal effects on the structural properties of protoneutron stars (PNSs) and cold neutron stars (CNSs). Focusing
on PSR J1012+5307, we analyze the pronounced structural transformations that occur during the transition from a
PNS to a CNS. For a 1.94 M, hyperonic star under SU(3) flavor symmetry, decreasing the temperature from 7' = 30
MeV to 0 MeV induces a radius contraction of approximately 50%, accompanied by a decrease in the moment of in-
ertia of nearly 26% and a substantial increase in gravitational redshift of approximately 154%. Furthermore, we ex-
amine variations in the moment of inertia and gravitational redshift arising from the mass uncertainties of PSR
J1012+5307. Taking SU(3) flavor symmetry at 7 =20 MeV as an example, increasing the mass across the range
1.72—1.94 M, leads to a radius contraction of 2.749 km, an ~8% increase in the moment of inertia, and a substantial
~40% increase in the gravitational redshift. We find that, in the cold regime and at fixed mass, the radius, moment of
inertia, and gravitational redshift of hyperonic matter under SU(3) flavor symmetry differ only marginally from those
of purely nucleonic matter. This makes it difficult to observationally confirm the presence of hyperons in the core of
PSR J1012+5307. Moreover, future observations that can precisely constrain pulsar masses, ideally through long-
term monitoring from birth, may help determine more conclusively whether hyperons or other exotic matter reside in
individual pulsars.
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I. INTRODUCTION

A protoneutron star (PNS) is a short-lived compact
object formed during the core collapse and subsequent
supernova explosion of a massive star at a late evolution-
ary stage. As a crucial evolutionary phase linking super-
nova outbursts and cold neutron stars (CNSs), the intern-
al structure and dynamical evolution of PNSs directly de-
termine the propagation and revival of supernova shocks
and regulate heavy-element nucleosynthesis, as well as
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the time-dependent characteristics of neutrino spectra [1].
Moreover, the rotational evolution, magnetic field topo-
logy, and gravitational deformation of PNSs are import-
ant physical origins of supernova gravitational-wave radi-
ation, the central engines of short gamma-ray bursts, and
the evolution of binary compact-star mergers [2—6]. Con-
sequently, PNSs play an indispensable role throughout
compact-star evolution.

The interior of a PNS is characterized by extreme
physical conditions, including ultrahigh density, ul-
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trahigh temperature, strong gravitational fields, and effi-
cient neutrino trapping. These environments far exceed
the reproducible conditions of terrestrial laboratories,
making PNSs natural cosmic laboratories for investigat-
ing fundamental physical problems such as the equation
of state (EOS) of hot and dense nuclear matter, the dy-
namics of strong interactions, superfluid/superconduct-
ing behavior, and quark-matter phase transitions [7-9].
The EOS describes the constitutive relationship among
the pressure, density, temperature, and composition of
dense matter and serves as the key input determining the
structure and evolutionary behavior of PNSs [10—22].
Different nuclear-matter models, symmetry-energy para-
meters, hyperon coupling strengths, and the inclusion or
exclusion of quark degrees of freedom can lead to signi-
ficant variations in the EOS. These differences further af-
fect the mass—radius relation, maximum stable mass, crit-
ical rotation frequency, and neutrino-radiation character-
istics of PNSs [10, 12, 15—17]. Therefore, systematic in-
vestigations of the PNS EOS not only provide strong con-
straints on the properties of nuclear matter under extreme
conditions and critical benchmarks for testing and refin-
ing existing nuclear-physics models, but also facilitate the
precise characterization of the macroscopic physical
properties of PNSs. This, in turn, provides reliable theor-
etical support for deepening our understanding of super-
nova explosion mechanisms and advancing frontier ob-
servations in gravitational-wave detection, neutrino astro-
nomy, and time-domain surveys [23—27].

However, systematic studies remain lacking on how
PNS matter containing a substantial fraction of hyperons
can support the evolution of intermediate-mass or
massive pulsars, such as PSR J1012+5307, which has a
measured mass of 1.83+0.11 M, [28—30]. In this work,
we employ relativistic mean field theory (RMFT) to in-
vestigate the moment of inertia and gravitational redshift
of the PNS associated with PSR J1012+5307. The calcu-
lations are performed for matter including hyperons (npH
matter), using the GM1 parameter set and incorporating
SU(3) flavor and SU(6) spin-flavor symmetries. We aim
to analyze the effects of temperature on the moment of
inertia and gravitational redshift of PSR J1012+5307,
with particular emphasis on the observational signatures
arising from the PNS-to-CNS transition. This study seeks
to constrain the EOS under extreme conditions and to ex-
plore the feasibility of probing exotic matter through fu-
ture astrophysical observations.

The remainder of this work is organized as follows. In
Section II, we describe the finite-temperature, hyperon-
included EOS for PNSs constructed within the RMFT
framework and present the formalism for calculating the
stellar mass, moment of inertia, and gravitational redshift.
Section III presents a detailed investigation of the mo-
ment of inertia and gravitational redshift of PNSs. Using

the GM1 parameter set within the RMFT framework, we
study the effects of temperature on these properties for
PSR J10124+5307 under both SU(3) flavor and SU(6)
spin-flavor symmetries. Section IV summarizes the main
results.

II. THEORETICAL FRAMEWORK

A. The EOS of PNS in the RMFT

Within the RMFT framework, PNS matter is descri-
bed by the following Lagrangian density [15, 18, 20—22]:
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In this context, the baryon octet (p, n, A, £, 20, -,
=27, 2% and the leptons (e, v,) are included, and PNS
matter composed of these particles is referred to as npH
matter. yp; denotes the Dirac field for baryons (or
leptons), and vy, represents the Dirac matrices. The sym-
bol Iy denotes the baryonic isospin matrix, while mg(l)
corresponds to the mass of the respective baryon (or
lepton). The coupling strengths between baryons and vec-
tor mesons are characterized by the constants g.z, gss,
and g, for the w, ¢, and p mesons, respectively. Addi-
tionally, the field-strength tensors for the three mesons
are defined as W,, =d,w,-0,w,, P, =0d,¢,—0,¢,, and
Ruv = OuPy _avpﬂ'

According to statistical physics, the partition function
of the grand canonical ensemble is defined as [18, 19, 22]

7 = Tr [e—<ﬁ—y3,/ﬁ>/<l<ﬂ>] ] 2)

Here, H and N represent the Hamiltonian and particle
number operators, respectively, and Kjp denotes the
Boltzmann constant. In natural units, Kz = 1. T is the tem-
perature. up; denotes the chemical potentials of baryons
and leptons, which are related by

/JB,I =Hn— qi(,ue _/Jve)’ (3)

The grand thermodynamic potential for nuclear mat-
ter with volume V can be derived from the partition func-
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tion

Qp=PV=-ThZ (4)

Within the RMF framework, for the Lagrangian given in
Eq. (1), the Hamiltonian operator is

A= / &x [~(Ly +Pyoko®)] = L)V + > [eslp + 25N -
4 B

®)
Substituting Eq. (4) into Eq. (2) yields the particle dens-
. _TdlnZ donsi 126an+
ity psi= Vic’) , energy density €= V oT HBIPBI,

6Qst1)
pressure P = *1112 and entropy S = aT , Te-
Vi
spectively.

Taking the natural logarithm of the partition function,
the partition functions for baryons and leptons can be ex-
pressed as follows:

2J +1
InZp, = —<L>< >Z - / ki ik,
0

X {ln [1 + e_(SBJ(kB,[)_IlB,I)/T] } . (6)

Here, &pi(kp)) = \/kp, +mg, is the thermal excitation en-
ergy of baryons and leptons.

Within the RMFT framework, the effective two-body
nucleon—nucleon interaction is described by the ex-
change of meson fields. In this approach, the meson fields
are replaced by their expectation values, and the meson
masses and coupling constants are treated as free para-
meters determined by fitting experimental data or estab-
lished theoretical models. Consequently, the five mean
meson fields satisfy the equations of motion.

2 0 0y2 0y3
ZgaBPs3=m(rU' +a(o) +b(o7),
B
2 +0
Zga*gpss =m_ .00 -,
B
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B
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B

Here, psp and pp denote the scalar and vector densities,
respectively, associated with baryon B.

1 * 1
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PSE=2 ), 42 \ 1 +expl(ep(k) —pp)/T]

1
= — dkk? . 8
=z /0 1+exp[<sB<k>—uB)/T]) ®)

Within this framework, the EOS for PNS matter can
be expressed as follows; the detailed derivation is
provided in Refs. [13—15, 18—-21].
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Jp, denotes the spin quantum number. The effective mass
of baryons is

my = mp—(8op0 + 8o p0 ). (11)

Charge neutrality requires that

q8PB+qep. = 0. (12)

Here, gy is the electric charge of baryon B. The lepton
fraction Y; = (0. +p,.)/ps is fixed at 0.4, a standard value
adopted in the literature for PNS matter shortly after birth
(e.g., [12, 15]). Moreover, because muons do not appear
when neutrinos are trapped, Y, =Y, +7Y,, =0.

B. Structure and Global Properties of PNSs: Mass, Ra-
dius, Moment of Inertia, and Surface Gravitational
Redshift

To compare theoretical models with pulsar observa-
tions, macroscopic stellar properties must be computed.
Once the EOS is specified, the masses and radii of PNSs
can be derived from the Tolman-Oppenheimer-Volkoff
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(TOV) equations for hydrostatic equilibrium [31-33]:

dl _ _(p+s)(m +471° p)

dr r(r—2m) ’
m= 47r/ erdr,
0
M = m(R). (13)

The spacetime metric for a slowly rotating PNS in
spherical coordinates (¢, 7,6, ) is given by [19-21, 34-35]

-1
ds? =—e*"d? + {1 - Ln(r)} dr?
r

—2wr*sin? 0drde + r*(d6* +sin*6d¢?).  (14)

At leading order, the moment of inertia of a PNS is ob-
tained by

J _8n [* L 2mn] 7
I=sg= ?ﬂ/o (g+P)e™™” {I—Li(r)} %r“dn (15)

where Q denotes the stellar angular velocity, and w is the
angular velocity measured by a distant observer. The
quantity @ = Q—w represents the frame-dragging angu-
lar velocity, and the angular velocity of a point within the
star, measured by this observer relative to the local iner-
tial frame, is specified by the following equation:

10 [, d0] 40000,
r* dr {r Q) dr +r dr @=0. (16)

The metric function ¢(r) is determined by

dg(r) _ m(r)+4nr’ P(r)

dr— r(r+2m(r) 17
where
_20]F
i = { r } e rsk, (18)

1, r>R.

The gravitational redshift at the PNS surface can be eval-
uated as [36-37]

1
Z:m—l. (19)

The theoretical moment of inertia and surface gravita-
tional redshift of a PNS can be obtained by solving the
TOV equations.

C. The RMFT coupling constants

In this work, the GM1 parameter set, which is widely
used to describe neutron star properties, is adopted for the
nucleon coupling constants in PNS matter. These con-
stants are determined from the saturation properties of
nuclear matter, including the saturation density (p%), in-
compressibility coefficient (Kj), binding energy per nuc-
leon (&), symmetry energy (a4 ), slope parameter (L), and
ratio of the effective nucleon mass to the nucleon mass
(my/my) [13—14]. Since the critical density for hyperon
onset is significantly higher than the nuclear saturation
density, the nucleon—meson coupling constants cannot be
extrapolated to the high-density regime. Instead, the hyp-
eron—meson coupling constants in this work are determ-
ined using the widely adopted SU(3) flavor and SU(6)
spin—flavor symmetries [32, 38-39].

The couplings of the w, p, and ¢ mesons to baryons
satisfy the following relations under SU(3) flavor and
SU(6) spin—flavor symmetries: g,z = go'A> Lo = LwAs
8oz = 28pz = 28w, and gyx = g4a. Under SU(3) flavor sym-
metry, they can be obtained from

Son = 8wN gz = (1 - \/gztanev)ng
A 1+ \/§ztan0v’ “= 1+ \/§ztan0v
—tané,g,, (V3z+tanb,)g,,
oA Son VR ARRIEN - (90)

- 1+ \,/gztanev’(%E - 1+ \/§ztan9v
Here, 6, =37.5° and z = 0.1949.

Under SU(6) spin—flavor symmetry, they can be ob-
tained from

2 1 V2

8wA = gngv,gqm = qusz = TgUJN' @n

1
Here, 6, ~35.26° and z= N3 The remaining values of
the GM1 parameter set are listed in Table 1.

III. ANALYSIS AND DISCUSSION

In this work, we analyze the impact of temperature on
the macroscopic properties of PNSs, focusing on the
EOSs, mass—radius profiles, mass—energy density rela-
tions, and the correlations of moment of inertia and grav-
itational redshift with mass, radius, and energy density.
The analysis is performed at temperatures of 7 =20 and
30 MeV using the RMFT model with the GM1 paramet-
er set under SU(3) flavor and SU(6) spin-flavor symmet-
ries, respectively. Specifically, we consider the intermedi-
ate-mass or massive PNS PSR J1012+5307, with a meas-
ured mass of 1.83+0.11M,, as a representative case to in-
vestigate these macroscopic properties within its specific
mass range.

Figure 1 illustrates the EOSs of PNSs, along with the
mass—radius and mass—energy density relationships. For
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Table 1.

The GM1 parameter set [38—39].

Saturation properties of nuclear matter

Quantity P /fm™ K,/ MeV &0 as/MeV L/MeV my /my
Value 0.153 300 -16.3 32.5 93.9 0.70
Coupling constants
Coupling 8o 8oz 8oz 8o*A 8oz 8uN 80N 8N
Value (SU6) 5.84 3.87 3.06 3.73 9.67 10.61 0.00 -
Value (SU3) 7.25 5.28 5.87 2.60 6.82 10.26 0.00 -3.50
Coupling 8oN 8pN 8o a(fm™) b
Value (SU6) 9.57 4.10 0.00 12.28 -8.98
Value (SU3) 9.57 4.10 0.00 12.28 -8.98
Baryon and meson masses
Particle M M me, m, my my my ms mz
Mass /MeV 550 975 783 770 1020 939 1116 1193 1318

comparison, the numerical results for CNSs are shown by
the solid, dashed, and dotted cyan lines, representing p, n,
e, v, (npe) matter, npH matter under SU(3) flavor sym-
metry, and npH matter under SU(6) spin-flavor sym-
metry, respectively. Finite-temperature EOSs for hyper-
onic PNS matter at 7 =20 MeV are shown by the red
dashed ( SU(3)) and dotted ( SU(6)) lines, while the cor-
responding results at 7 =30 MeV are shown by the blue
dashed ( SU(3)) and dotted ( SU(6)) lines. Red stars de-
note the maximum-mass values. This notation is used
consistently throughout the work.

As shown in Fig. 1(a), the EOSs exhibit a non-mono-
tonic dependence on temperature. Under both SU(3) fla-
vor and SU(6) spin-flavor symmetries, the EOS at T = 30
MeV is stiffer than that at 7 =20 MeV at low energy
densities but gradually softens at higher energy densities.
For npH matter under SU(6) spin-flavor symmetry, the
EOS at T=0 MeV is slightly softer than that at
T =20/30 MeV at low energy densities. However, as the
energy density increases, it first stiffens progressively be-
fore softening considerably, leading to an increasingly
pronounced deviation from the finite-temperature PNS
curves at intermediate and high energy densities. For npH
matter under SU(3) flavor symmetry, the 7 =0 MeV
EOS exhibits behavior similar to that observed under
SU(6) spin-flavor symmetry at low densities when com-
pared with the 7' =20/30 MeV cases. Nevertheless, with
increasing energy density, this evolution is notably more
moderate than the temperature dependence observed un-
der SU(6) spin-flavor symmetry. This indicates that the
distinct variations in meson—baryon coupling strengths
between the SU(3) flavor and SU(6) spin-flavor symmet-
ries —particularly the repulsive contribution of the ¢
meson to the nucleon—nucleon interaction (see Table 1)—
result in a significantly smaller temperature-induced devi-

ation in the EOS for SU(3) than for SU(6). Furthermore,
at a fixed temperature (T = 0, 20, or 30 MeV), the EOS of
npH matter under SU(3) flavor symmetry remains signi-
ficantly stiffer than that under SU(6) spin-flavor sym-
metry in the intermediate- to high-energy-density regime.
Notably, the CNS composed solely of npe matter retains
the stiffest EOS. Overall, the temperature dependence of
the EOSs for hyperonic PNSs remains sufficient to drive
substantial changes in macroscopic properties, such as the
mass—radius and mass—energy density relations illus-
trated in Fig. 1(b) and Fig. 1(c). Specifically, as shown in
Fig. 1(b) and Fig. 1(c), the radius of a PNS at a fixed
mass decreases markedly with decreasing temperature,
whereas the central energy density increases, regardless
of the symmetry considered. For a fixed radius or energy
density, the PNS mass exhibits a significant decreasing
trend with decreasing temperature under both SU(3) fla-
vor and SU(6) spin-flavor symmetries. To clearly illus-
trate the macroscopic properties of maximum-mass stars
and PSR J1012+5307, Tables 2 and 3 list the radius, cent-
ral energy density, moment of inertia, and gravitational
redshift for these configurations under both symmetries.
The macroscopic properties of PNSs and CNSs, par-
ticularly the moment of inertia (/) and gravitational red-
shift (z), exhibit distinct structural responses to temperat-
ure variations, as illustrated in Figs. 2 and 3. For CNSs
(T =0 MeV), I generally increases with mass but de-
clines in the high-mass regime, consistent with standard
stellar structure theory. Under both symmetry schemes, /
of the PNS initially decreases with increasing mass at
T =20 MeV. At higher masses, however, its evolution
closely follows that of a CNS. In contrast, at 7 =30
MeV, I exhibits a monotonic decline across the entire
mass range. Conversely, z increases monotonically with
mass for both CNSs and PNSs. Moreover, z of the CNS
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Fig. 1.  (color online) (a) EOSs of PNSs and CNSs. (b)
Mass-radius relations. (c) Mass-central energy density rela-
tions. Cyan lines show the CNS results at 7 =0 MeV. Solid
lines correspond to npe matter, whereas dashed and dotted
lines correspond to npeH matter with SU(3) flavor and SU(6)
spin-flavor symmetries, respectively. Red and blue lines show
the PNS results at 7 =20 MeV (red) and 7 =30 MeV (blue)
under SU(3) (dashed) and SU(6) (dotted) symmetries, respecti-
vely. Red stars indicate the maximum masses for each configur-
ation. This notation is used consistently in subsequent figures.

MM,)

consistently exceeds that of the PNS at a given mass. Fur-
thermore, / and z of the PNS decrease with decreasing
temperature, regardless of whether the radius (R) or the
central energy density (¢) is held fixed. For npH matter
under SU(3) flavor symmetry, I of the PNS exceeds that
of the CNS at 7 =30 MeV across the entire mass range,
whereas at 7 =20 MeV, [ of the PNS is larger than that
of the CNS at low and intermediate masses but falls be-
low it at higher masses. This trend is particularly evident
for PSR J1012+5307. Based on the numerical results
presented in Figs. 2(b) and 2(c), 3(b) and 3(c), and Table 3,
we now examine the temperature-driven transition from a
PNS to a CNS for hyperonic PSR J1012+5307 under
SU(3) flavor symmetry. Taking a 1.94 M, configuration
as an example, decreasing the temperature from 7 = 30 to
20 MeV and finally to 0 MeV results in a substantial con-
traction of R from 26.917 to 17.686 km, ultimately stabil-
izing at 13.400 km. This contraction is accompanied by
an increase in ¢ from 3.097 to 3.704 fm™* at 7 = 20 MeV,
before settling at 3.382 fm™ in the cold phase. Concur-
rently, I decreases from 3.718x10% to 2.641x10%
g-cm’, eventually recovering slightly to 2.747x10%
g-cm?. In tandem, z increases significantly from 0.127 to
0.216, reaching 0.322 in the cold phase. In addition, for
npH matter under SU(6) spin-flavor symmetry, / of the
PNS at both 7 =20 and 30 MeV remains larger than that
of the CNS.

If this object is a hot PNS containing hyperons (npH
matter), we can examine the variations in / and z arising
from mass uncertainties. Taking the 7 =20 MeV case as
an example, under SU(3) flavor symmetry, increasing the
mass from 1.72 to 1.94 M, corresponds to a contraction
in R from 20.435 to 17.686 km, accompanied by an in-
crease in ¢ from 2.997 to 3.704 fm™. Concurrently, / in-
creases from 2.440 x 10 to 2.641x 10% g-cm? while z in-
creases from 0.154 to 0.216. Analogous behavior is ob-
served under SU(6) spin—flavor symmetry. Further refine-
ment of the mass measurement of this star would enable
more detailed studies to help determine whether hyper-
ons appear in a PNS and identify their specific species.
Interestingly, as listed in Table 3, for PSR J1012+5307 at
T =0 MeV, the macroscopic properties of npH matter
under SU(3) flavor symmetry differ only marginally from
those of npe matter. For instance, at a fixed mass of 1.94
Mg under SU(3) flavor symmetry, the npH star has
R=13.400 km, compared with 13.461 km for the npe
star; = 3.382 fm™, compared with 3.163 fm™; I=
2.747x10% g-cm?, compared with 2.774x10% g-cm?;
and z= 0.322, compared with 0.319. A similar pattern
holds at 1.72 and 1.83 M, where the discrepancies re-
main similarly small. These marginal differences imply
that observationally confirming the presence of hyperons
in cold pulsars such as PSR J1012+5307 remains challen-
ging with current data. However, this challenge may be
overcome by tracking the evolutionary history. Indeed, if
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Table 2. Radii, central energy densities, moments of inertia, and gravitational redshifts of maximum-mass PNSs and CNSs under
SU(3) flavor and SU(6) spin-flavor symmetries.
Parameter (Unit) T/MeV Minax M, R/km go/fm™ /(10 g-cm?) z
0 2.132 12.119 6.326 2.613 0.443
npeH (SU(3)) 20 2.149 14.241 6.746 2.537 0.343
30 2.171 16.890 6.334 2.727 0.270
0 1.853 12.549 5.552 2214 0.332
npeH ( SU(6)) 20 2.081 16.045 5.862 2.627 0.273
30 2.129 20.238 5.216 3.065 0.204
npe 0 2.361 11.915 6.671 3.061 0.552
Table 3. Radii, central energy densities, moments of inertia, and gravitational redshifts for CNSs and PNSs in the mass range of PSR
J1012+5307, calculated at various temperatures under SU(3) flavor and SU(6) spin-flavor symmetries.
SUB3) (8U(6))
PSR J-1012+5307
T/MeV MM, R/km go/fm™ I/ (10% g-cm?) z
0 1.72 13.625(13.576) 2.744(3.065) 2.395(2.371) 0.263(0.264)
0 1.83 13.543(13.099) 2.992(4.277) 2.581(2.386) 0.290(0.305)
0 1.94 13.400(-) 3.382(-) 2.747(-) 0.322(-)
20 1.72 20.435(23.375) 2.997(2.708) 2.440(2.820) 0.154(0.130)
npeH 20 1.83 18.966(21.214) 3.296(3.030) 2.538(2.827) 0.183(0.158)
20 1.94 17.686(19.417) 3.704(3.502) 2.641(2.864) 0.216(0.191)
30 1.72 () () () ()
30 1.83 ) () () ()
30 1.94 26.917(-) 3.097(-) 3.718() 0.127(-)
0 1.72 13.636 2.736 2.397 0.262
npe 0 1.83 13.564 2.930 2.588 0.289
0 1.94 13.461 3.163 2.774 0.319

future observations can trace the thermal evolution of a
pulsar from its birth through the PNS-to-CNS transition,
the variations in radius, moment of inertia, and gravita-
tional redshift predicted by our models may provide valu-
able insights into exotic matter. Although this work fo-
cuses on hyperonic EOSs within the RMFT framework
using the GM1 parameter set, it provides a foundation for
understanding how thermal effects reveal strange
particles in neutron stars. Future studies incorporating ad-
ditional exotic degrees of freedom, such as quark matter,
will further refine these constraints.

IV. SUMMARIZES

In summary, this study highlights the crucial role of
temperature in determining the macroscopic properties of
hyperonic PNSs. We find that the EOS exhibits a non-
monotonic temperature dependence, leading to a substan-
tial structural transformation during the transition from a
PNS to a CNS. Using the PNS associated with PSR

J1012+5307, with a mass of 1.94 M, under SU(3) flavor
symmetry, we demonstrate that the star undergoes sub-
stantial contraction as the temperature decreases from
T =30 MeV to 0. The radius decreases by approximately
50% (from 26.917 to 13.400 km), accompanied by a re-
duction in the moment of inertia of nearly 26% (from
3.718x 10* to 2.747x10* g-cm?) and an increase in the
gravitational redshift of approximately 154% (from 0.127
to 0.322). To quantify the impact of mass uncertainty on
the PNS associated with PSR J1012+5307, we analyze
variations in the moment of inertia and gravitational red-
shift at 7 =20 MeV. Taking SU(3) symmetry as an ex-
ample, increasing the mass across the range 1.72—1.94
M, induces a radius contraction of 2.749 km (from
20.435 to 17.686 km), a ~8% increase in the moment of
inertia (from 2.440x10% to 2.641x10* g-cm?), and a
~40% increase in the gravitational redshift (from 0.154 to
0.216). In addition, our results reveal that the macroscop-
ic properties of npH and npe matter exhibit only minimal
variations for PSR J1012+5307 at fixed masses under
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Fig. 2. (color online) Moment of inertia of PNSs and CNSs.

(a) Moment of inertia as a function of mass. (b) Moment of in-

ertia as a function of radius. (¢) Moment of inertia as a func-

tion of central energy density. Pink triangles denote mass
measurements of PSR J1012+5307. This notation is used con-
sistently in subsequent figures.

SU(3) flavor symmetry, making it challenging to observa-
tionally confirm the presence of hyperons in a CNS. Re-
fining the mass measurement of PSR J1012+5307
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CNSs. (a) Gravitational redshift as a function of mass. (b)
Gravitational redshift as a function of radius. (c) Gravitational

redshift as a function of central energy density.

through future observations,

together with long-term

monitoring of a pulsar's evolution from birth, would en-
able deeper investigation of the emergence of hyperons
and the specific types of exotic matter within PNSs.
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