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Introduction: QCD frontiers

® Novel states of nuclei
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Framework: Equation of Motion (DSE)

Green functions of QCD
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Si-Xue Qin: 2025-11-02 @ EAfF=FiIFIE RENAITTS 7 /20




Framework: Equation of Motion (DSE)
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Liouville equation BBGKY hierarchy
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Solution: Quark properties

> Quark propagator:
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Solution: Quark properties

> Quark propagator:
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Solution: Quark properties

> Quark propagator: > Mass function:

Rapld acqulsition of mass Is
Jeffect of gluon cloud
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Solution: Gluon properties

> Gluon propagator:
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Solution: Gluon properties
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Solution: Gluon properties

> Gluon propagator:

> Quasi-gluon:
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Solution: Gluon properties
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Solution: Vertex structures

> Quark-gluon vertex:
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Solution: Vertex structures

> Quark-gluon vertex:
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Solution: Vertex structures

> Quark-gluon vertex: > DCSB feedback:
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Solution: Vertex structures

> Quark-gluon vertex: > DCSB feedback:
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DCSB rendered

Si-Xue Qin: 2025-11-02 @ EhFEEFiFt hENAfiTS 14 / 20



Solution: Kernel decompositions

] ] 15 /20
Si-Xue Qin: 2025-11-02 @ EAEEFIFEAEN AT



Solution: Kernel decompositions

Poincare symmetry Gauge symmetry
C-, P-, T-symmetry Chiral symmetry
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Result: Ground states

> Hadron spectrum:
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Result: Excited states

> Impact of Pauli term (DCSB):
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Summary

* The continuum framework of C ), i.e., EoOM (DSE), and its
basics (quark, gluon, vertex, kernel) are introduced.

> Hadron properties are studied: a) states — full spectrum; b)
states — partial waves, spin-orbit interaction, DCSB-rendered spectrum.
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* The continuum framework of C ), i.e., EoOM (DSE), and its
basics (quark, gluon, vertex, kernel) are introduced.

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

> Use the DSE to a of applications in baryon problems of QC!:
transition form factors, parton distribution functions, and etc.

> Iterating with experiments on hadrons, from spectroscopy
to structures, we may provide a faithful path to understand QC .
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Framework: Equation of Motion (DSE)
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Framework: Equation of Motion (DSE)
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Framework: Equation of Motion (DSE)

Liouvi

lle equation

A(t )
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BBGKY hierarchy

ot

Boltzmann equation

S

90, . 0P, 11 |

= {H,.p,} + (N = n)ZJ

dz. .. |
p l al'i S \‘
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Framework: Equation of Motion (D

10 / 20



Solution

: y 1 /20
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Solution: Quark properties

> Quark propagator: > Mass function:

Rapld acqulsition of mass Is
Jeffect of gluon cloud

-

/

0.4

-
-
—‘"

w1 = 0 (Chiral limit)
— m =30 MeV
—m =70 MeV

p [GeV]

QCD vacuum — highly dispersive medium
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Solution: Gluon properties

| . | *;(k—;:_t4nas( ;:
Gluon propagator: N 125

> Quasi-gluon:
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Solution: Vertex structures

> Quark-gluon vertex: > DCSB feedback:
é )
= = B
/NS N
i T—

|
|

> Dressed vertex:

DCSB rendered
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Solution: Kernel decompositions

3 " §%+ ‘$+ ii " §§ T :
> < - « 72 <« « R -

Poincare symmetry ' Gauge symmetry nion meson
C-, P-, T-symmetry Chiral symmetry twofold role

}/ﬂ }/,“ O u
Yy Oy Oy
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Result: Ground states

> Hadron spectrum:

Mass [GeV]

2.0

b b
(e )
L I ] L} L] L} I | | L] | |

o
()
" | | I L} L} L}

- -

m K p KNAZ

Effective strength
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> Hadron structure:

Weight [%]

o
o

(o)
o

=
o

P D
Partial Wave

NR potential models
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Result: Excited states

> Impact of Pauli term (DCSB):

1.4I-_|_I_I_l_l_|_l T T

1.3

1.2}
1.1F <
1.0,
0.9} -
0.8}

Mass [GeV]

o
Q

™\ ™\
7 7

0.7

0.6 I “O'P “-0 va; <+ “"P" _

O.SL....I....Ill..l....

O -

0 0.5 1.0 1.5
n

spin-orbit repulsion
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2.0

> DCSB-enhanced spectrum:

2-5_ | | | | | | | | | | 1

| - PDG + RL & DB )

I . -
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S : N M S :
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d - & + L4 .
g 10:+ * o . * : v + ¢ *
© 1.0F - -
I IS + ]

S .
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magnitude and ordering
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Summarnr

* The continuum framework of C ), i.e., EoOM (DSE), and its
basics (quark, gluon, vertex, kernel) are introduced.

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

> Use the DSE to a of applications in baryon problems of QC!:
transition form factors, parton distribution functions, and etc.

> Iterating with experiments on hadrons, from spectroscopy
to structures, we may provide a faithful path to understand QC .
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