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» Spontaneous breaking of symmetries: order parameters

> Goldstone modes: collective modes
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4+ Order parameter: quark mass
+ Goldstone modes;
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Q Isospin and U, (1) symmetries

» Goldstone’s theorem

» Landau’s theory
Symmetry breaking QCD phase transitions | Goldstone
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Q Framework: NJL model @ eB

Mesons and QCD phase transitions @eB

Quark level: LQCD, (P)NJL, DS equation
Meson level: (P)QM, chiral perturbation theory



@ Nambu--Jona-Lasinio model

SU(2) NJL model
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SU(3) Nambu-Jona-Lasinio model
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SU(3) Nambu-Jona-Lasinio model
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@ SU(3) Nambu-Jona-Lasinio model
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@ Results and discusssion

@ Ty ---- chiral restoration phase transition

@ T4+ ---- plon superfluid phase transition

@ Kaons, n& n’ ---- chiral, U,(1)




m(B)/m(0)

1, mass decreases with eB.
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@ n, & chiral restoration phase transition
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@ n, & chiral restoration phase transition
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@ Charged pion @ eB
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@ n, & pion superfluid phase transition

S.J. Mao, PRD102, 114006(2020);106.094017(2022).
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@ Kaon, n. n’ @ eB
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@/ Neutral mesons ( Ky.z.n.1 )



> Neutral meson mass spectra
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@ Charged mesons (~*, K*)
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) NJL VS LQCD
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@/ Mass spectra @ u

m_.(p, = p;)=0= Kaon superfluid @eB

under progress...



Summary and outlook
@ summary

Summary:

QCD phase transition @ meson level

® n%KO%mass jump: chiral restoration
2@ Massless n+ ,K*: pion/Kaon superfluid
® n,n’: U,(1) restoration

Outlook:

@ Experimental observables
@ Baryon decuplet @eB
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