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n Property of nuclear matter has be studied for several decades:

n What is the matter made of?
n What are the patterns of the symmetries involved?
n ……

p Other geometry structure 
than homogeneous matter?

p Terrestrial experiments 
on nucleon physics;

p 中子星外壳，白矮星内核

n Cannot be accessed by terrestrial 
experiments, lattice QCD, fundamental QCD!

n Indirect information from astrophysics.
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n Constraints from symmetric nuclear matter 



n Information about the masses of the heaviest neutron stars derives primarily 
from precise Shapiro time delay measurements of pulsars orbiting in binary 
systems with white dwarf companions

n Together with their masses the radii of neutron stars can be inferred from X-ray 
profiles of rotating hot-spot patterns measured with the NICER telescope. 
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n Tidal deformability(GW170817): 
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n 量子强子动力学是描述低能强相互作用不可缺少的工具
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n 量子强子动力学是描述低能强相互作用不可缺少的工具

p 更一般地强子动力学模型：考虑到标量介子的夸克组分（马垚的报告）；

p 模型引入大量参数，手动寻找参数空间很困难。机器学习技术提供了有力

的工具（郭凌君的报告）。



u 很难与粒子物理与核物理中的许多基本问题直接联系起来：

手征对称性的破缺机制、核子质量的起源……

𝑓*∗(𝜌)、𝑚,
∗、𝑚-

∗、𝑔-,,∗ 、⋯⋯

Ø Models anchored on properties of fundamental QCD!

Chiral symmetry? Scale symmetry? Power counting?

Including 𝜎, 𝜌, 𝜔 in addition to the standard NGB 𝜋 and nucleon.

n Phenomenological models, results are highly model dependent



n GnEFT for NM

𝜋 𝜌,𝜔 𝜎 𝑁Hadron 
fields:

Symmetry

Implication 
(in medium)

NGBs of 
CSB

Gauge fields 
of HLS

NGB of 
SSB

Chiral 
multiplets

• Topology of QCD
(skyrmion, vortex, ... );（林凡的报告）

• Chiral symm. in-medium;
• Hidden flavor symm. in-medim.

• Scale symm. in-
medium;（张璐琦
的报告）

• Peak of SV

Ø Yan-Ling Li, YLM, Mannque Rho, Phys.Rev.D 95 (2017) 11, 114011.
Ø “Effective Field Theories for Nuclei and Compact-Star Matter”, YLM, 

Mannque Rho, (World Scientific, Singapore,2019)

Power counting: 𝑂 𝑝 ~𝑂 𝑚5 ~𝑂 𝑔 ~𝑂(𝑚6)



𝑓!(500) is a pNGB arising from (noted 𝑚"! ≅ 𝑚#). The SB of SS associated + an explicit breaking of 

SI.

Assumption:  There is an Nonperturbative IR fixed point in the running QCD coupling constant α$.

EB of SI:      Departure of α$ from IRFP + current quark mass.

Crewther and Tunstall , PRD91, 034016, e-Print: 1312.3319

Provides an approach to include scalar meson in ChPT.



Only in terms of hadrons;
Intrinsic density dependence
n Enters through the VeV of

dilaton: scale symmetry;
n Information from topology

change is considered;
n Nucleon mass stays as a

constant after topology
change: parity doublet.

n The topology change density
𝑛!/%, parameter.

Density 
dependence of LECs

Qualitative information 
from topology change

Quark-Hadron 
continuity

Casheire Cat

YLM, M. Rho, PPNP. 113 
(2020) 103791



Agrees with the 
empirical values of 
the  nuclear 
matter properties 
quite well. 



At least one peak 

𝑣!" =
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⁄𝜕𝜀(𝑛) 𝜕𝑛

=
𝜕𝑝(𝑛)
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n In the quarkyonic description of dense matter, a peak of SV emerges from 
the hadronic phase from quarkyonic phase transition when density is 
increased. 

n In a unified approach to nuclei and dense compact star matter based on a 
GnEFT including pion, rho, omega and the lightest scalar meson regarded as 
dilaton, we found that the peak emerges at density (2~4)𝑛# when the 
topology change effect was implemented through the Brown-Rho scaling. 
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n Trace of energy-momentum tensor is not zero but a density independent constant 

at ≥ 2𝑛!;

n When ≥ 2𝑛!，the sound velocity → 1/ 3 -- conformal sound velocity.
A feature NOT shared by ANY other models or theories in the field

Low density relevant to NSs



Standard Scenario

S. Reddy et al, 2018

We are disagreeing!
Very high density
PQCD applicable



Quark-hadron crossover Quarkyonic matter

Zhao & Lattimer, 
2004.08293

Quarkyonic matter

Margueron et al, 
2103.10209Kapusta & Welle, 2103.16633

Supported by later publications



n Using a hadron-quark meson model, people found that the peak of SV 
emerges from the smooth transition from BEC phase of pions to BCS phase 
with pion condensates on top of the quark Fermi sea which is actually the 
hadron-quark crossover that had been realized as the trigger of the peak. 

n By combining the calculation using the chiral NN and 3N interactions with 
that using a functional RG approach based on QCD, people found the peak of 
SV is due to the formation of the diquark gap at intermediate density. 
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Define normalized trace anomaly:





Peak of SV connects to the behavior of trace anomaly in medium.

What will happen when the trace anomaly is implemented in 
an effective model/theory?



A mean field calculation based on chiral-scale EFT

L. Q. Zhang, Y. Ma and YM, 2410.04142.



n There are only hadrons, NO phase/configuration transition!

(1~2.5)𝑛8Linear model



n Why in Chiral-scale EFT?
Ø Scale symmetry is first partially restored 

with density, but then broken again. 
Contradict to naïve expectation!

n Also found in skyrmion crystal approach.

Long-Qi Shao, YM, arXiv:2202.09957 

χ = 𝑓9𝑒6/;!



This quantity diverges unless it is screened by 𝑚/
∗ . Therefore if the ω mass were to go 

down as required by the vector manifestation, the skyrmion–skyrmion interactions would 
become strongly repulsive with increasing density. This forces the ω mass 𝑚/

∗ , and hence 
χ∗, to increase. Note that in HLS theory with the vector manifestation, 𝑔% drops to zero as 
the density approaches the critical, so the problem is avoided.

n A resolution: New information on compensator approach?



n A scaled 𝜔 − 𝑁 − 𝑁 coupling:

Ø Correction to LOSS is 
significant for the 
restoration of SS! Locations are locked



𝑆!"! = 1
∆𝐽 = 0,±1

n 𝑔"quench in Gamov-Taller transition：𝑔"
#$%% ≈ 1.276 → 𝑔"

%## ≈ 1

For 𝑨 ≤ 𝟔𝟎 nuclei For 𝑨 > 𝟔𝟎 nuclei

在壳模型计算中

𝑔"
%## = 𝑞&'()*×𝑔"

#$%% ≈ 0.98 − 1.18

取典型值

𝑞-./01 ≈ 0.78

Recent RIKEN: В+,-./01 = 4.423.563.7

𝑞-./01089: = 0.46 − 0.55

可以一窥核物质中标度对称性表现形式

𝒒𝑮𝝈𝑬𝑭𝑻𝑬𝑺𝑷𝑴 = 𝒒𝑺𝑺𝑩× 𝒒𝑺𝑵𝑪

D. Lubos, et al., PRL 19’



在 𝑮𝒏𝑬𝑭𝑻中，相关的轴流为：

𝑞223𝑔4@ψ𝜏±𝛾5𝛾6ψ

𝑞223=𝑐4 + (1 − 𝑐4)Φ7F
Φ 0 = 1
Φ 𝑛3 = 0.8

利用朗道费米流固定点理论： 𝒒𝑺𝑵𝑪 ≈ 𝟎. 𝟕𝟗

For 𝑨 ≤ 𝟔𝟎 nuclei For 𝑨 > 𝟔𝟎 nuclei

𝑞&'()* ≈ 0.78 𝑞-./01089: = 0.46 − 0.55

𝑐" ≈ 1, LOSS是好的近似。

𝑐" ≈ 0.15, βG ≈ 2.5,LOSS 破坏

𝒒𝒔𝒔𝒃 = 𝒄𝑨 + 𝟏 − 𝒄𝑨 Φ𝜷, ≈ 𝟎. 𝟔𝟒
表明了标度对称性在核物质（从低密度到高密度）的实现方式。



𝑣!" =
⁄𝜕𝑝(𝑛) 𝜕𝑛
⁄𝜕𝜀(𝑛) 𝜕𝑛

=
𝜕𝑝(𝑛)
𝜕𝜀(𝑛)

Scale invariant. Scale invariant.Scale symmetry is hidden.



Summary and discussion

nWhen EFT was used in the study of NM, novel 
phenomena appear.

n The peak of SV in nuclear matter is due to the nonlinear 
realization of scale symmetry, NOT the hadron-quark 
transition or other configuration change.

n The location of the peak is about 1~2 𝑛8, a density 
region can be accessed by terrestrial experiments.

n Implementation of SS in omega meson sector, 𝑈(2)@AB is 
badly broken in medium.



The inspiral phase:
The NSs are deformed 

due to their 
gravitational pull and 
one can extract the 
TD. The inspiral is the 
only phase currently 
measurable from GWs.

The merger phase: 
The two stars come into
contact, compressing
their matter and giving
rise to a complex
hydrodynamical phen.

The collapse phase:
If the merger remnant
has a mass greater than
the limit for a non-
rotating neutron star
imposed by its EOS, the
neutron star collapses
to a black hole, when its
rotation has slowed
down enough.Bauswein and Stergioulas 2015 PRD91 124056.

Phases of binary neutron star merger

The post-merger phase:
The neutron star formed
during the merger
evolves, with a different
phen. depending on its
mass, EOS, and angular
momentum distribution.
The remnant star is bar-
deformed, rotates
differentially, and emits
GWs with high luminosity

EoS



Summary and discussion



T h a n k  y o u  f o r  y o u r  a t t e n t i o n !


