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Abstract. The effects of hyperon interactions (occurring through the coupling
of hyperons to the ¢ and ¢ mesons) on the surface gravitational redshift z of
proto-neutron stars (PNSs)—specifically PSR J0740+6620, PSR J0348+0432,
PSR J1614-2230, and PSR J0737-3039A—are investigated using relativistic
mean field theory. It is found that the increase in central pressure and cen-
tral energy density due to hyperon interactions becomes more pronounced for
higher-mass PNSs, while for lower-mass PNSs this effect is negligible. When
hyperon interactions are included, the mass M, compactness M /R, and surface
gravitational redshift z of a PNS all decrease at a given central energy den-
sity .. For the higher-mass PNSs PSR J07404-6620 and PSR J0348+4-0432, the
influence of hyperon interactions on compactness M/R and surface redshift z
is significant. In contrast, for the lower-mass PNSs PSR J1614-2230 and PSR
J0737-3039A, the effect on M/R and z is negligible.
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1. Introduction

Neutron stars (NSs) possess extremely strong magnetic fields and rotate at
very high speeds (Deng et al., 2021). Some of their intriguing properties may be
explained by dark matter (Ding et al., 2022). NSs are very massive and have very
small radii, resulting in extremely high densities, which significantly influence
their properties (Mu et al., 2017; Li et al., 2021). Consequently, once the mass
of a NS is determined, it is possible to infer certain characteristics of the star.

As early as 2004, the double NS system PSR, J0737-3039 was discovered (Ly-
ne et al., 2004). The NS PSR J0737-3039A has a typical NS mass, with re-
ported values of M = 1.337 M (Morrison et al., 2004) or M = 1.3381 + 0.0007
Mg (Kramer et al., 2006).

NSs with exceptionally high masses have also been discovered in recent
decades. The NS PSR J1614-2230, with a mass of M = 1.97 + 0.04 Mg, was
identified in 2010 (Demorest et al., 2010). Its mass was later refined to M =
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1.93 + 0.07 Mg, in 2016 (Fonseca et al., 2016). Subsequently, PSR J0348+4-0432,
with a mass of M = 2.01 £ 0.04 Mg, was found in 2013 (Antoniadis et al.,
2013). An even more massive NS, PSR J0740+6620, with a mass of M =

2.1470:00 M, was observed in 2020 (Cromartie et al., 2020). Its mass and ra-

dius were later precisely determined to be M = 2.0875-0T M, by (Fonseca et al.,

2021) and R = 13.773% km by (Miller et al., 2021) in 2021. Most recently, the
NS PSR J0952-0607, with a record mass of M = 2.357017 M, was discovered
in 2022 (Romani et al., 2022).

These NSs are relatively massive, and their mass must constrain their prop-
erties. Therefore, measuring NS masses is crucial for determining their struc-
ture and internal properties. Although the massive NSs PSR J1614-2230, PSR
J0348+4-0432, and PSR J0740+6620 are not the heaviest discovered to date,
studying the influence of their precisely measured masses on their properties
remains highly significant.

After a supernova, a NS is formed in the core. Prior to that, a proto-neutron
star (PNS) emerges, which can reach temperatures as high as 30 MeV. Subse-
quently, the PNS cools via neutrino emission and evolves into a NS (Burrows &
Lattimer, 1986). Thus, the study of PNSs is important for understanding the
formation and evolution of NSs.

In theoretical research, we can compare PNS evolutionary models with ob-
servational data of cold NSs. The purpose of this comparison is not to directly
equate the transient and steady states, but rather to leverage the continuous
physical link—from the hot PNS to the cold NS—established by theoretical
models. By contrasting the initial/early stages of the evolutionary trajectory
with the final/observed state, we aim to jointly constrain the microphysics of
dense matter.

The description of NS matter can incorporate o, w, and p mesons to rep-
resent the interaction between nucleons (Glendenning, 1997), while interactions
between hyperons can be described by the mesons f,(1020) (denoted as o*) and
#(975) (denoted as ¢) (Schaffner et al., 1994).

Closely related to the mass and radius of a NS is the surface gravitational
redshift, which depends directly on the compactness M/R (Glendenning, 1997).
Therefore, studying the surface gravitational redshift of NSs is as important as
investigating their compactness.

In this work, we employ relativistic mean field (RMF) theory (Zhou, 2016)
with the baryon octet to examine the influence of the o* and ¢ mesons on the sur-
face gravitational redshift of massive PNSs PSR J0740+6620, PSR J0348+0432,
and PSR J1614-2230. For comparison, we also calculate the surface gravitational
redshift of the typical-mass PNS PSR J0737-3039A.
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2. RMF theory at finite temperature: the infinite system

The Lagrangian density of infinite nuclear matter is as follows (Glendenning,
1997)
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Given neutrino binding, the baryonic partition function of infinite nuclear
matter at finite temperature is
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Here, np(k) is the Fermi-Dirac distribution function of baryons
1
= - : (6)
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If we don’t take into account the interactions between leptons at finite tem-

peratures, their partition function is
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The chemical potentials of baryons are
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We can obtain the mass and the radius of a PNS through the Tolman-

Oppenheimer-Volkoff (TOV) equation (Tolman, 1939; Oppenheimer & Volkoff,
1939)
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M = m(R). (15)
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The TOV equations are only applicable to spherically symmetric, static (i.e.,
non-rotating and time-invariant) stellar objects. However, NSs are known to ro-
tate very rapidly, and PNSs evolve rapidly over time. Neglecting rotation and
temporal evolution will introduce certain errors. (1) The error from neglecting
rotational effects depends mainly on the rotational speed. For slow rotation (pe-
riod P> 10 ms), the centrifugal force correction to the global structure (mass,
radius) is approximately 1% to a few percent, and the TOV solution serves as a
good approximation. For potentially extremely rapid rotation (P ~ 1 ms), cen-
trifugal support becomes significant and may lead to deviations exceeding 10%
in mass and radius estimates, while also failing to describe stellar oblateness.
This study aims to investigate the influence of the equation of state (EoS) within
a static baseline; therefore, the spherical symmetry assumption is intentionally
adopted to focus the problem. The spherical symmetry and static assumptions
are limitations, and conclusions for rapidly rotating stars require further exam-
ination in axisymmetric models. (2) The error induced by neglecting temporal
evolution. The TOV equations describe instantaneous hydrostatic equilibrium.
During the middle and late stages of PNS evolution (¢ > 1 s), although temper-
ature and composition change rapidly, the timescale for establishing hydrostatic
equilibrium ( milliseconds) is much shorter than the evolutionary timescale ( 10
seconds). The system can thus be considered to undergo a sequence of quasi-
static equilibrium states. Therefore, our sequence of static solutions can be inter-
preted as potential 'snapshots’ along the PNS cooling path. While this approach
cannot self-consistently describe the evolutionary timescale, it clearly reveals
the dependence of the structure on internal physical conditions. The dynamical
phase of the very early stage (t < 1 s) is beyond the applicable scope of this
model. In summary, we adopt the simplified model in order to reveal the core
physical mechanisms within a controlled framework and to provide a theoretical
benchmark for more complex multidimensional time-dependent simulations.

The surface gravitational redshift of a PNS can be calculated by (Glendenning,
1997):

z = —1 —1. (16)

V1-2(M/R)

This formula is derived from the Schwarzschild metric, which holds valid above
the surface of any star. Therefore, this formula is applicable to any relativistic
star.

3. The parameters

We calculate the mass and radius of the PNSs using the following eight groups
of nucleon coupling constants: DD-ME1 (Typel & Wolter, 1999), FSU2H (Tolos
et al., 2017), FSU2R, (Tolos et al., 2017), FSUGold (Todd-Rutel & Piekarewicz,
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2005), GL85 (Glendenning, 1985), GL97 (Glendenning, 1997), GM1 (Glenden
ning & Moszkowski, 1991), and TW99 (Typel & Wolter, 1999).

The ratios of hyperon—hyperon coupling constants to nucleon—nucleon cou-
pling constants can be defined as xy, = 922, x), = L2 1, = %:7 where h

9o Juw
denotes the hyperons A, ¥, and =.

The coupling constant between p mesons and nucleons is derived from quark
SU(6) symmetry (Schaffner & Mishustin, 1996; Schaffner-Bielich & Gal, 2000).
The mass of a PNS increases with larger values of z,, and z, (Zhao, 2019).
Consequently, to obtain the PNS mass, one must select sufficiently large values
for these parameters. The theoretical baseline for the parameter x,}, is approxi-
mately 0.667 (Glendenning, 1997). In phenomenological models, its typical vari-
ation range is about 0.5 to 1.0 (Weissenborn et al., 2012; Chatterjee & Vidana,
2016). To construct a viable model that includes hyperons while still yielding
NSs with a mass of ~2 Mg , it is necessary to adopt a larger value of z,,
(i.e., a strong repulsive potential) to compensate for the softening of the EoS
induced by the presence of hyperons. A value of xj ~ 0.8 is commonly required
to satisfy this observational constraint (Weissenborn et al., 2012). Therefore, se-
lecting 0.9 is reasonable and consistent with current observational limits. Within
a more refined SU(3) flavor symmetry framework, the vector coupling constants
for different hyperons (A, X, E) can and do differ (Schaffner & Mishustin, 1996;
Schaffner-Bielich & Gal, 2000). The present work adopts a uniform value of 0.9
as a simplification, aiming first to focus on the overall effects of the presence
of hyperons. Investigating the differences in the couplings of different hyper-
ons is an important direction for future research. In this work, we set x.,;,=0.9,
while x,, is determined by fitting the hyperon potential well depth in saturated
nuclear matter (Glendenning, 1997)
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In this work, we adopt the hyperon potential depths U I(XN) =-30 MeV (Schaffner-

Bielich & Gal, 2000; Weissenborn et al., 2012; Gal et al., 2016), Ugv) = 30
MeV (Schaffner-Bielich & Gal, 2000; Weissenborn et al., 2012; Gal et al., 2016;
Batty et al., 1997), and UéN) = -14 MeV (Harada et al., 2010).

We take the coupling parameters between the mesons ¢* and ¢ and the
hyperons as (Schaffner et al., 1994)

9oz = 29sn = 29sx = —2V2¢.,/3, (18)
9o n/9o = gor5/go = 0.69, (19)
Jorz/gs = 1.25. (20)

The temperature parameter in PNS models plays a dual role: it strongly influ-
ences local energy density and pressure through the T* term, while the structure
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of the TOV equations may render the overall macroscopic properties less sen-
sitive to it. For example, in earlier calculations (Zhao et al., 2025), when the
temperature of the PNS was raised from 14 MeV to 21 MeV, the central energy
density decreased from 1.028 x10*g cm ™3 to 1.019x10%g cm 2 (by 0.9%), and
the central pressure decreased from 2.178x103%dyne cm=2 to 2.118x10%°dyne
ecm~2d (by 6%). In contrast, the computed maximum mass increased from 2.2562
Mg to 2.2576 Mg (a rise of 0.0014 Mg, ), representing only a 0.06% increase. In
the present work, the temperature of the PNSs is chosen as T=15 MeV (Burrows
& Lattimer, 1986). The chosen temperature of 7' = 15 MeV in this study corre-
sponds to the typical physical conditions within the PNS core during the initial
tens of seconds following a supernova explosion. This temperature value is based
on the standard understanding of PNS evolution. Simulation studies indicate
that at this stage, due to neutrino trapping and strong compression, the PNS
core can reach temperatures of 10-30 MeV (Pons et al., 1999; Keil et al., 2003).
When investigating neutrino processes, the EoS , and nucleosynthesis inside a
PNS, the range of 10-20 MeV is widely considered as the characteristic temper-
ature range (Hempel & Schaffner-Bielich, 2010; Roberts et al., 2012). Therefore,
the selection of T' = 15 MeV aims to represent this high-energy, high-density en-
vironment, in order to explore the behavior of relevant nuclear processes under
astrophysical conditions.

In 2019, precise measurements of the NS PSR J0030+0451 were obtained.
Riley et al. reported a mass M = 1.34701% M, and a radius R = 12.7177]5
km (Riley et al., 2019), while Miller et al. found M = 1.447015 Mg and R =
13.02F1°28 km (Miller et al., 2019). The accurate determination of its mass and
radius is highly significant, providing a key observational constraint for selecting
viable equations of state (EoS) in NS modeling

The mass values (or maximum masses) of PNSs as functions of radius are pre-
sented in Fig. 1. The four thick lines correspond to the PNS masses associated
with PSR J074046620, PSR J0348+-0432, PSR J1614-2230, and PSR J0737-
3039A, respectively. The results show that only the TW99, DD-ME1, and GM1
models can reproduce the masses of all these four PNSs. The mass-radius rela-
tions predicted by TW99, DD-ME1, and GM1 are displayed in the right panel of
Fig. 1. It can be seen that for a given mass, there exist two radii, among which
the radii on the left side of the mass peak belong to the unstable non-physical
branch, while those on the right side belong to the stable physical branch. Due to
the residual high thermal pressure and particle components that have not fully
reached [-equilibrium inside the PNS; its radius during the early evolutionary
stages (e.g., 10-30 seconds after birth) is expected to be 10%-30% larger than
that of its cold NS counterpart of the same mass (Burrows & Lattimer, 1986;
Pons et al., 1999; Zhao, 2011). This difference serves as an important testable
feature linking PNS evolutionary theory with observations of cold NSs. We see
that the mass and radius of the PNS given by the GM1 model agree best with
the results from Riley et al. and Miller et al. (see the shaded region in the
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right panel of Fig. 1) among these models. Therefore, in this work, the GM1
model is adopted to investigate the effect of hyperon interactions on the surface
gravitational redshift of PNSs.
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Figure 1. The mass M (or maximum mass Mmaz) of the PNS as a function of its ra-
dius R. The four thick lines correspond to the masses of the PNSs for PSR J07404-6620,
PSR J0348+4-0432, PSR J1614-2230, and PSR J0737-3039A, respectively.

4. Mass and radius of PNSs

Figure 2 shows the radius R and mass M of a PNS as functions of the central
energy density e., calculated using the GM1 EoS. The four thick horizontal
lines indicate the measured masses of the observed pulsars PSR J0740+6620,
PSR J0348+0432, PSR J1614-2230, and PSR J0737-3039A, respectively. Solid
red curves correspond to models without hyperon—hyperon interactions, while
dashed green curves represent models that include these interactions.

Figure 2 shows that the mass M of the PNS increases while the radius R
decreases with increasing central energy density €.. When hyperonic interactions
are included, the mass M of the PNS decreases and its radius R increases at the
same central energy density e, relative to the case without such interactions
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Figure 2. The mass M of a PNS as functions of radius R calculated within the GM1
EOS. The four thick horizontal lines mark the measured masses of the observed pulsars
PSR J07404-6620, PSR J0348+4-0432, PSR J1614-2230, and PSR J0737-3039A, respec-
tively. Solid red curves correspond to models without hyperon—hyperon interactions;
dashed green curves include hyperon-hyperon interactions.

Under the constraints provided by the respective masses of the PNSs PSR
J0740+6620, PSR J0348+0432, PSR J1614-2230, and PSR J0737-3039A (see
Table 1), and when hyperonic interactions are considered, the radius of PSR
J07404-6620 decreases from R = 13.858 km to R = 13.849 km, a reduction of
about 0.065%. The radius of PSR J0348+40432 decreases from R = 14.031 km to
R = 14.029 km, or about 0.014%. The radii of PSR J1614-2230 and PSR J0737-
3039A remain unchanged at R = 14.199 km and R = 15.05 km, respectively (see
Table 1). These results suggest that the reduction in radius due to hyperonic
interactions is larger for more massive PNSs, while for less massive PNSs the
effect on the radius is negligible.
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Table 1. The calculated physical quantities of PNSs. The masses of PSR
J074046620 (hereafter J074046620), PSR J0348+0432 (J0348+0432), PSR
J1614-2230 (J1614-2230), and PSR J0737-3039A (J0737-3039A) are M = 2.08 Mg,
M = 2.01 Mp, M = 1.93 Mg, and M = 1.338 Mg, respectively. The corresponding
radius R, central energy density ., central pressure p., compactness M/R, and surface
gravitational redshift z are derived for each star. The units are as follows: R in km, e,
in 10'% g-em ™3, p. in 10%® dyne-cm ™2, and M/R in Mg /km. These results are obtained
using the GM1 nucleon coupling constant and assuming a uniform temperature of T’
= 15 MeV for all PNS models..

Parameter R €e Pe M/R z
J07404-6620
Withouto* and ¢  13.858  1.0202 2.1650 0.15009  0.3404
With ¢* and ¢ 13.849 1.0290 2.1798 0.15019  0.3402
Rate of variation  -0.065% 0.980% 0.739%  0.067% -0.059%

J0348+4-0432
Without ¢* and ¢  14.031 0.9339 1.8300 0.14325 0.3168
With ¢* and ¢ 14.029 0.9365 1.8322 0.14327 0.3167
Rate of variation -0.014% 0.644% 0.120% 0.014% -0.032%

J1614-2230
no o* and ¢ 14.199 0.856 1.533 0.1358 0.2921
with ¢* and ¢ 14.199 0.857 1.533 0.1358 0.2921
Rate of variation 0 0.117% 0% 0% 0%
J0737-3039A
no o* and ¢ 15.05 0.563 0.553 0.0887 0.1639
with ¢* and ¢ 15.05 0.563 0.553 0.0887 0.1639
Rate of variation 0% 0% 0% 0% 0%

5. Energy density and pressure in PNSs

Figure 3 shows the pressure p of the PNS as a function of energy density e.
The thick vertical lines indicate the central energy densities ¢, for the PNSs of
PSR J074046620, PSR J0348+0432, PSR J1614-2230, and PSR J0737-3039A.
Solid lines correspond to models without hyperon interactions, and dashed lines
to those with hyperon interactions included. It can be seen that p generally in-
creases with . When hyperon interactions are considered, however, p is reduced
at a given € compared to the case without such interactions.

Constrained by the mass of the corresponding PNSs, and given the interac-
tions between hyperons, the central pressure of PNS PSR J07404-6620 increases
from p.= 2.1650x 10%°dyne.cm™2 to p.,=2.1798x 103° dyne.cm™2, increased
by about 0.739%; the central pressure of PNS PSR J0348+0432 increases from
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Figure 3. The pressure p of the PNS as a function of the energy density €. The vertical
thick lines mark the central energy densities . of the PNSs for PSR J0740+6620,
PSR J0348+0432, PSR J1614-2230, and PSR J0737-3039A, respectively. Solid vertical
lines correspond to models without hyperon interactions, and dashed vertical lines
correspond to models with hyperon interactions included.

P.=1.8300 x10%> dyne.cm ™2 to p.=1.8322x 103 dyne.cm ™2, increased by about
0.120%; the central pressures of PNSs PSR J1614-2230 and PSR J0737-3039A
respectively are p.=1.533x 103°dyne.cm™2 and p.=0.533x 10%® dyne.cm~2, no
change. A similar conclusion holds for the central energy density e.. From this,
we conclude that the larger the mass of the PNS, the greater the increase of the
central pressure and the central energy density of the PNS due to the interaction
between hyperons; for the PNS with reduced mass, this effect can be ignored.

6. The surface gravitational redshift of PNSs

Figure 4 presents the compactness M/ R of the PNS as a function of the central
energy density €.. The thick vertical lines indicate the central energy densi-
ties . corresponding to the PNSs of PSR J0740+6620, PSR J03484-0432, PSR
J1614-2230, and PSR J0737-3039A. Among these, the solid vertical lines denote
cases without considering hyperon interactions, while the dashed vertical lines
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represent cases with hyperon interactions included. It can be observed that the
compactness M/R of the PNS increases with rising central energy density e..
When hyperon interactions are taken into account, the compactness M/R is
reduced.
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Figure 4. The compactness M/R of the PNS as a function of the central energy den-
sity €. . The thick vertical lines indicate the central energy densities . of the PNSs
corresponding to PSR J0740+6620, PSR J0348+0432, PSR J1614-2230, and PSR
J0737-3039A, respectively. The solid vertical lines represent cases without hyperon
interactions, while the dashed vertical lines represent cases with hyperon interactions.

Under the mass constraints imposed by the observed pulsars PSR J07404-6620,
PSR J03484-0432, PSR J1614-2230, and PSR J0737-3039A, and when hyperon-
hyperon interactions are included, the compactness M/R exhibits the following
changes: for PSR J074046620, it increases from 0.15009 Mg /km to 0.15019
Mg /km, a relative increase of approximately 0.067%; for PSR J0348+4-0432, it
increases from 0.14325 Mg /km to 0.14327 Mg /km, corresponding to a 0.014%
increase. The compactness values for PSR J1614-2230 and PSR J0737-3039A
remain unchanged. These results indicate that the effect of hyperon interactions
on the compactness is negligible for lower-mass PNSs
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Figure 5 shows the surface gravitational redshift z of the PNS as a function
of the central energy density e.. It can be seen that the surface gravitational
redshift z of the PNS increases with the central energy density .. When hyper-
onic interactions are taken into account, the surface gravitational redshift z of
the PNS is reduced at the same central energy density e..

. ; . ; . ; . | ; .
z o
0.36 | = |
>
033 I —— whithout 5 and ¢
el — —whith 6 and ¢ I 5T
= T=15 MeV 5SS |
030 2 GM1 I o "o
o
b 3£
027 | S [ £ 3
N I é o [—3 é = ]
024 | & =] 3 S £ 3
z S z45 -
& i ® s o ®
021 F © = a | » °
w® 2 S S T T ]
o - o~ -4 9 9
& n 72} | T T
0.18 |- E -9 - <1>> g -
L » % Z X x
el £ £ o2& |
0.15 - = ‘SQ "59 -
1 . | w 2 v .
6.0x10"™ 8.0x10™ 1.0x10" 1.2x10"
3
g (g.cm”)

Figure 5. Surface gravitational redshift z of the PNS as a function of central en-
ergy density e.. The thick vertical lines indicate the central energy densities e. for
the PNS models of PSR J07404+-6620, PSR J0348+0432, PSR J1614-2230, and PSR
J0737-3039A, with solid and dashed lines corresponding to models without and with
hyperonic interactions, respectively.

Under the constraints of the respective masses of the PNSs PSR J0740+6620,
PSR J0348+4-0432, PSR J1614-2230, and PSR J0737-3039A, and considering
the effect of hyperon interactions, the surface gravitational redshift of PSR
J07404-6620 decreases from z = 0.3404 to z = 0.3402 , corresponding to a
reduction of approximately 0.059%. For PSR J0348+0432, the surface gravita-
tional redshift increases from z = 0.3168 to z = 0.3167 , which is a decrease
of about 0.032%. In contrast, the surface gravitational redshifts of PSR J1614-
2230 and PSR J0737-3039A remain unchanged. These results indicate that, for
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lower-mass PNSs, hyperon interactions have almost no effect on the surface
gravitational redshift.

Figure 6 shows the surface gravitational redshift z of the PNS as a function
of its radius R . The symbols in the figure correspond to the surface gravita-
tional redshifts of PNSs PSR J0740+4-6620, PSR J0348+4-0432, PSR J1614-2230,
and PSR J0737-3039A, respectively. Here, solid symbols denote cases without
hyperon interactions, while open symbols represent cases with hyperon inter-
actions taken into account. It can be observed that the surface gravitational
redshift of a PNS decreases with increasing radius. When hyperon interactions
are considered, the surface gravitational redshift for a given radius is reduced.
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Figure 6. Surface gravitational redshift z of the PNS as a function of radius R .
The symbols represent the values for PNSs PSR J0740+-6620, PSR J0348+0432, PSR
J1614-2230, and PSR J0737-3039A, respectively. Solid symbols correspond to cases
without hyperon interactions, while open symbols denote cases with hyperon interac-
tions included.

The surface gravitational redshift z of the PNS as a function of mass M
is shown in Fig. 7. The four thick lines correspond to the masses of the PNSs
PSR J07404+6620, PSR J03484-0432, PSR J1614-2230, and PSR J0737-3039A,
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respectively. The solid red curves represent models without including hyperon
interactions, whereas the dashed green curves represent those with hyperon
interactions taken into account.
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Figure 7. The surface gravitational redshift z of the PNS as a function of mass M. The
four thick lines indicate the masses of the PNSs PSR J0740+6620, PSR J0348+0432,
PSR J1614-2230, and PSR J0737-3039A, respectively. Solid red curves correspond to
models without hyperon interactions, while dashed green curves correspond to models
with hyperon interactions included.

From Fig. 7(a), it can be observed that the surface gravitational redshift z of
the PNS increases with its mass M. When hyperon interactions are included, the
surface gravitational redshift z increases—compared to models with the same
mass M—for the PNSs PSR J07404+-6620 and PSR J0348+0432 (see Figs. 7(b)
and 7(c)). In contrast, the surface gravitational redshift z of the lower-mass
PNSs PSR J1614-2230 and PSR J0737-3039A remains essentially unchanged.

7. Summary

In this paper, the effects of hyperon interactions on the surface gravitational
redshift z of the PNSs PSR J0740+6620, PSR J0348+4-0432, PSR J1614-2230,
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and PSR J0737-3039A are investigated within the RMF framework. The cal-
culations adopt the nucleon coupling parameter set GM1 and assume a PNS
temperature of 7' = 15 MeV.

As can be observed, the pressure p of the PNS increases with the energy
density e. When hyperon interactions are taken into account, the pressure p
decreases at a given energy density €. The increase in both central pressure and
central energy density due to hyperon interactions becomes more pronounced
for higher PNS masses. In contrast, for lower-mass PNSs, this effect is negligible.

As the central energy density e, increases, the mass M, the compactness
M/R, and the surface gravitational redshift z of the PNS also increase, whereas
its radius R decreases. When hyperon interactions are included, at a given e,
the values of M, M/R, and z are reduced.

For the higher-mass PNSs PSR J07404-6620 and PSR J0348+0432, the in-
fluence of hyperon interactions on the compactness M/R and the surface grav-
itational redshift z is significant. In contrast, for the lower-mass PNSs PSR
J1614-2230 and PSR J0737-3039A, the effect of hyperon interactions on M/R
and z is negligible.

A comprehensive assessment of PNS redshift requires considering rotation
and rapid evolution. The current adoption of a static, spherically symmetric
model represents a first-order approximation, aimed at focusing on constraining
the core EoS. Rotation introduces anisotropy in the redshift and a dependence
on the line-of-sight direction (Cadeau et al., 2005; Morsink et al., 2007), while
time evolution leads to a significant increase in redshift over time and a ’time-
averaging’ effect in actual observations. These complex effects will be important
directions for our future research.
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