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Hana Gil,et al, 1805.11321

É Ҏ Ḿ Ḓⱶתљ⁄ⱶתѧ￼ ᶺᶢ  ῶ ỴѲχἐềḾ ớ￼  
ֺ ⁄Ḓ ￼ ◊ɚɚ

É ‗ấỉ љḞ ￼⁷₀χ Ḹῐ￼ ἄљ ‗ ╜ớ ɚɚ

ÂProperty of nuclear matter has be studied for several decades:

Â What is the matter made of?
Â What are the patterns of the symmetries involved?
Â ɚɚ

Å Other geometry structure 
than homogeneous matter?

ÅTerrestrial experiments 
on nucleon physics;

Å

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

Â Indirect information from astrophysics.



NS ͯ Ȣ╜▼▫■╪►has ▪╬▄▪◄ͯ ▪ may
contain quarks in some form .

Terrestrial experiments 
on nucleon physics

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

Â Indirect information from astrophysics.

Indirect constraints 
on the model/EoS
construction

G. Baym, et al., 1707.04966 



Â 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

Â 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. 

ü J. Antoniadis, et al. Science 2013, 340, 448.

ü T. T. Riley, et al. Astrophys. J. Lett. 2019, 887, L21. 
ü T. E. Riley, et al. Astrophys. J. Lett. 2021, 918, L27. 

ü P. B. Demorest, et al. Nature 2010, 467, 1081. 
ü E. Fonseca, et al. Astrophys. J. 2016, 832, 167. 
ü Z. Arzoumanian, et al. Astrophys. J. Suppl. 

2018, 235, 37. 

ü H. T. Cromartie, et al. Nat. Astron. 2020, 4, 72. 
ü E. Fonseca, et al. Astrophys. J. Lett. 2021, 915, 

L12. 
ü R. W. Romani, et al.Astrophys. J. Lett. 2022, 

934, L17. 



Â Density dependence of SV in cold nuclear matter

¸ EOSswith subconformalsound speeds,ΧΧ,
are possiblein principle but very unlikely in
practice, being only πȢπσϷ of our sample.
Hence,it is natural to expect that ὧ ρȾσ
somewherein the stellarinterior.
ü S. Altiparmak, C. Ecker, L. Rezzolla, ApJL. 939 (2022) 2, 

L34.

¸ the peak in the sound velocity is attributed to 
the derivative contribution from the trace 
anomaly that steeply approaches the 
conformal limit.

ü Y. Fujimoto, K. Fukushima, L. D. McLerran, M.  Praszalowicz, 
PRL.Lett. 129(2022)25,252702. 
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At least one peak!
Conformal SV in NS? 
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Hadronic 
phase

Emergesin the transitionfrom a phasewith brokenchiral

symmetryto one with gappedFermi surfacewith the

condensationof diquarksanddibaryons.

Hippert, et al. , 2105.04535

Â Transition from hadronic phase to 
quarkyonic phase;

Â At ςͯ τὲ due to topology change;
Â Hadron-quark crossover;
Â Formation of diquark gap. 

ü L. McLerran and S. Reddy, PRL122 (2019), 122701. 
ü T. Zhao and J. M. Lattimer, PRD102 (2020), 023021.
ü YLM and M. Rho, PRD99 (2019), 014034; PPNP113 

(2020), 103791;
ü G. Baym, S. Furusawa, et al., APJ 885 (2019), 42;
ü M. Leonhardt, M. Pospiech, et al., PRL125 (2020), 

142502 (2020).

Â Phase transition/configuration change!?
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Â Tidal deformability(GW170817): 

ɤȢ ψππ

ɤ σππ ᴼɤ ρωπ

Ὑ ρρȢω Ȣ
ȢὯά

C. Y. Tsang, et al., 1807.06571



GW only has transverse componets , 
stretch and squeeze alternatively.

ü Tidal acceleration TOidal 
deformability

Usually̔ ɤὓ σς ̔Closely related to the         

compactness of NS
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Nuclear force up to ɤͯ ρπὲ χͯππ
MeV 
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