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* Motivation (Phenomenons and theories for dense nuclear
matter)

* Theoretical framework and phenomenological analysis
(Nuclear matter properties and neutron star structures with
an extended linear sigma model (mixing picture between 2-
and 4-quark configurations of scalar mesons))

e Summary and outlook
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Motivation

Rich phenomenons of dense environments

Weak parameterizations in past studies on nuclear matter
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Nuclei structures (low/intermediate densities)

. Hadron interactions around saturation density 7y = 0.16fm™ are
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Neutron star (high densities) YR

. The density in the cores of NSs always reach nearly 57,

* M-R relations/ tidal deformations are sensitive to the EOS behavior
throughout the whole density regions
ENaN —— B TOV equation
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N
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0 meson effects
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FIG. 2. Symmetry energy E,,n for negative value of g, with
respect to various values of C3 for both types of coupling.
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FIG. 31 Neutron star matter fractions of baryons and leptons,
calculated as a function of density. From Schafiner-Bielich,

2008.
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FIG. 33 Mass-radius relationship for various EoS scenarios of
neutron stars, including nucleons and leptons only (Hell and
Weise, 2014) as well as upon including A hyperons (Lonardoni
et al., 2015). From Weise, 2015.
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Chemical potential equilibrium, e.g. py = p, + i,



Method to handle dense system

1. Relativistic mean field approximation

J. D. Walecka, Ann. Phys. 83, 491 (1974).
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Can we extend an EFT/model taking care of QCD symmetry
patterns into dense nucleon systems?

An extended linear sigma
model In nuclear matter

Phys. Rev. D 109 (2024) 7,7, YM and Y. L. Ma
P-wave problems in light scalar meson sectors below 1GeV

i F. E. Close and N. A. Tornquist, J. Phys. G 28, R249 (2002)

» A tetra-quark picture to include 0 (ay(980)) meson and hyperon



Freedoms to be considered g~5

* Highlights of the parametrization:
. Include meson exchanges, e.g. f4(500)(o) and ay(980)(5)

ll. Include baryon freedoms, e.g. nucleon and hyperon

a, mesons may be crucial to NS tidal deformations and neutron skin of nucleus

D. Adhikari et al. (PREX), Phys. Rev. Lett. 126, 172502 (2021)
B. T Reed, F. J Fattoyev C. J. HorOW|tz and J. PlekareW|cz P

High densities may lead to hyperon ﬁ

N. K. Glendenning, Astrophys. J. 293, 470 (1985)
N. K. Glendenning and S. A. Moszkowski, Phys. Rev Le _
S. Weissenborn, D. Chatterjee, and J. Schaffner—Bl
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The chiral transformations
SUB)r & SUG), -02- -quark U(1), 4-quark a4 : f\
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Power counting rules

(D The operators are limited within dimension-4, for the
higher dimensional operators are suppressed by the cutoff
scale;

(2 The quark number of an operator is limited within 8 and
the number of flavor space traces is limited to only 1, for
its suppression by /V_;

@ The explicit symmetry breaking caused by quark massis
treated as perturbation, and it’s ignored in current work.
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The lowest order Lagrangians

1 1 )
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The Lagrangian at the lowest order for RMF
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SSB of chiral symmetry

® Spontaneous symmetry breaking down from SU(3); & SU(3)i to SU(3)y

(6')y =+/3aand (6) =+/3p

@ Mixing between 2-quark and 4-quark configurations

6 = C0S 0o’ + sin 0,0’

Cl() — COS Hga(,) - Sin HSCII\O,

1



Phenomenological analysis

Parameter space choice

8sNN  8anN 8NN BoNN  8pNN
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Bare mass parameters and NM properties
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Comparison among different g; cases

Esym (MeV)
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Comparison with Walecka-type models 2% 7% % %
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The percentage of 2/4-quark configuration of

scalar mesons
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Slight difference of configurations

but large difference at macroscopic level
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The scalar meson couplings from different approaches

MeVe-.
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:I: ]_ 77 :I:O 004 I F. Li, B. J Cai Zh u, W.-Z. Jiang, and L.-W. Chen, Astrophys. J. 929, 183 (2022).
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éﬁﬁ Summary and outlook
7K

l. The EFTs/models of low energy QCD can reproduce the NM properties and
NS structures;

Il. Regarding the well-reproduced vacuum spectra and NM properties at low
densities, different parameter space choices significantly affect the neutron
star (NS) structure;

lll. These astrophysical objects may serve as a promising test field for strong
interaction theories/models, with more detailed analysis forthcoming (the
connections between microscopic symmetry and macroscopic
observations).
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Strangeness in this framework

In collaboration with Lu-Qi Zhang (53 35)
Explicit chiral symmetry breaking due to quark mass

Zsp.=—b Tr (ES°) — GTr (ES) + by Tr (VZES) + bye" e (V);(V) i (ES)

—b, Tr[BEB] — bse " e"™(B);(&),(B)p,
Gell-Mann Okubo Formula

= £+ + g

Non-zero {(a,) and (f;)

kn

......
&y

Analysis about NS is on the way 1

27



'S
O
>

\Z
AN
S

X

T




