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๏Novel states of nuclei

๏ e+e- hadronic annihilation

๏Relativistic heavy-ion collision

๏Mass-radius relation of starts
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H = Hkinetic + HCoulomb + Hspin−orbit + Hrelativistic + Hvacuum
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ℒQCD = ψ̄i [i (γμDμ)ij
− mδij] ψj − 1

4 Ga
μνGμν

a Green functions of QCD 

G(4) = ⟨Ω |q(x1)q̄(x2)q(y1)q̄(y2) |Ω⟩ G(6) = ⟨Ω |q(x1)q(x2)q(x3)q(y1)q(y2)q(y3) |Ω⟩
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Classical Mechanics Quantum Field Theory

Degrees of freedom

Generalized coord. Fields on spacetime

Principle of Stationary Action

δS[q]
δq

= 0 ⟨ δS[ϕ(x)]
δϕ(x) ⟩ = 0

Euler-Lagrange Equation Dyson-Schwinger Equations

Equations of Motion
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∂ρ
∂t

+ {ρ, H} = 0
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BBGKY hierarchy

∂ρn
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= {Hn, ρn} + (N − n)
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∑
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∫
∂ρn+1
∂pi

⋅ ∂ϕi n+1
∂ri

dzn+1 DSE-like
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Quark Gluon Vertex Kernel

H = Hkinetic + HCoulomb + Hspin−orbit + Hrelativistic + HvacuumGround Excited
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iγ ⋅ pA(p2) + B(p2) = Z(p2)

iγ ⋅ p + M(p2)
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G2,3 ∼ DCSB

C-, P-, T-symmetry
Poincaré symmetry Gauge symmetry

Chiral symmetry

+ + + + +  …  =

pion meson 
twofold role 



Si-Xue Qin: 2025-11-02 @ 第五届量⼦场论及其应⽤研讨会 / 2016

Result



Si-Xue Qin: 2025-11-02 @ 第五届量⼦场论及其应⽤研讨会 / 20

Result: Ground states

17

‣ Hadron spectrum:



Si-Xue Qin: 2025-11-02 @ 第五届量⼦场论及其应⽤研讨会 / 20

Result: Ground states

17

Effective strength

‣ Hadron spectrum:



Si-Xue Qin: 2025-11-02 @ 第五届量⼦场论及其应⽤研讨会 / 20

Result: Ground states

17

Effective strength

‣ Hadron spectrum: ‣ Hadron structure:



Si-Xue Qin: 2025-11-02 @ 第五届量⼦场论及其应⽤研讨会 / 20

Result: Ground states

17

Effective strength

‣ Hadron spectrum: ‣ Hadron structure:

NR potential models



Si-Xue Qin: 2025-11-02 @ 第五届量⼦场论及其应⽤研讨会 / 20

Result: Excited states

18

‣ Impact of Pauli term (DCSB):



Si-Xue Qin: 2025-11-02 @ 第五届量⼦场论及其应⽤研讨会 / 20

Result: Excited states

18

‣ Impact of Pauli term (DCSB):

spin-orbit repulsion



Si-Xue Qin: 2025-11-02 @ 第五届量⼦场论及其应⽤研讨会 / 20

Result: Excited states

18

‣ Impact of Pauli term (DCSB): ‣ DCSB-enhanced spectrum:

spin-orbit repulsion



Si-Xue Qin: 2025-11-02 @ 第五届量⼦场论及其应⽤研讨会 / 20

Result: Excited states

18

‣ Impact of Pauli term (DCSB): ‣ DCSB-enhanced spectrum:

spin-orbit repulsion magnitude and ordering



Si-Xue Qin: 2025-11-02 @ 第五届量⼦场论及其应⽤研讨会 / 2019

Summary



Si-Xue Qin: 2025-11-02 @ 第五届量⼦场论及其应⽤研讨会 / 20

Summary:

20

‣ Hadron properties are studied: a) ground states — full spectrum; b) excited 
states — partial waves, spin-orbit interaction, DCSB-rendered spectrum.

‣ The continuum framework of nonperturbative QCD, i.e., EoM (DSE), and its 
basics (quark, gluon, vertex, kernel) are introduced.



Si-Xue Qin: 2025-11-02 @ 第五届量⼦场论及其应⽤研讨会 / 20

Summary:
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‣ Hadron properties are studied: a) ground states — full spectrum; b) excited 
states — partial waves, spin-orbit interaction, DCSB-rendered spectrum.

‣ Use the DSE to a wider range of applications in baryon problems of QCD: 
transition form factors, parton distribution functions, and etc.

‣ Iterating with high precision experiments on hadrons, from spectroscopy 
to structures, we may provide a faithful path to understand QCD.

‣ The continuum framework of nonperturbative QCD, i.e., EoM (DSE), and its 
basics (quark, gluon, vertex, kernel) are introduced.
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Result: Excited states
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‣ Impact of Pauli term (DCSB): ‣ DCSB-enhanced spectrum:

spin-orbit repulsion magnitude and ordering
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Summary
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Summary:
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‣ Hadron properties are studied: a) ground states — full spectrum; b) excited 
states — partial waves, spin-orbit interaction, DCSB-rendered spectrum.

‣ Use the DSE to a wider range of applications in baryon problems of QCD: 
transition form factors, parton distribution functions, and etc.

‣ Iterating with high precision experiments on hadrons, from spectroscopy 
to structures, we may provide a faithful path to understand QCD.

‣ The continuum framework of nonperturbative QCD, i.e., EoM (DSE), and its 
basics (quark, gluon, vertex, kernel) are introduced.


