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NONPERTURBATIVE QCD AND HADRON PHYSICS

hadron physics

• spectrum
      multi-quark states,
      molecules, glueballs, ...

• hadron structures

nonpertubative!

• confinement

• dynamical chiral 
symmetry breaking
（DCSB)
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HADRON STRUCTURES

one dimensional 
structure of hadrons：
PDF, FF,...

three dimensional 
structure of hadrons：
GPD, TMD,...

generalized quark 
correlator

Eur.Phys.J.A 52 (2016) 6, 149
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• Characterize the matrix elements of energy momentum tensor (EMT)

• Mass, spin and mechanical properties                                         

• EMT conservation → � = �����
� ∼ � �� 

• Translation invariance → A(0)=1
• D-term defined as � ≡ � � 

GRAVITATIONAL FORM FACTORS
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last unknown 
global property!!!
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known constraints from soft pion theorem

                          D=-1 

for Nambu-Goldstone boson in the chiral limit

THE D-TERM

for a non-free point-like scalar particle 

• independent to the coupling strength 
even if it’s infinitesimally small

• It may potentially be a general result 
in scalar theories.

D� =− 1/3
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DYSON-SCHWINGER EQUATIONS

QCD green functions current correlation functions

insertion of one current

insertion of two external currents

......

ArXiv:0909.0703
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LEADING TRUNCATION

Polology ---- Weinberg QFTrainbow ladder truncation
�2��� �  

��

2
��

Bethe Salpeter equation

Equation for 
generalized 
quark correlator!!
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CONTACT INTERACTION

symmetry preserving——First time!!

consistent conditions that automatically preserves Ward-
Green-Takahashi Identities(WGTIs)

gluon propagator       �2��� � → ���
���
��

�
regularization of irreducible loop integrals

Phys.Rev.D 107 (2023), 014019

Yue-Liang Wu, Int.J.Mod.Phys.A 18 (2003) 5363-5420
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CONTACT INTERACTION INTERPRETATION

intrinsic 
quark
contribution

intermediate    
state 
contribution

important for

soft pion theorem !

⟨� � +
�
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�
2 � ���� + ���� � + . . . 
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RESULTS: FORM FACTORS

As mass increases, the form factors become harder, 
and the radius become smaller and converge -- the 
quarkonia tends to exhibit characteristics of a

point-like particle
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RESULTS: D-TERM

1/3

1. -D decrease with increasing mass

2. Pseudo scalar D term within the range:

massless         infinite mass

Basis light front quantization for charmonia

limited results for heavy quarkonia D-term
                    not easy to explain

Phys.Rev.D 109 (2024) 11, 114024
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SUMMARY

l The generalized quark correlator is described in a consistent manner, the soft pion theorem is well 
reproduced after considering the scalar pole contribution.

l The symmetry preserving framework also provides reliable supports to the gravitational form factors 
of heavy quarkonia. And the quarkonia tends to behave like a point-like particle with increasing mass.

l Two possible limit and one confirmed tension for the D-term: 

massless         infinite mass

We are trying and welcome collegues to clarify the situation! Thank you!
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REGULARIZATION

12

Gauge and chiral 

symmetry

Consistency conditions

Irreducible loop integrals (Wu)
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π-π AMPLITUDE IN CI

13
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π-π AMPLITUDE IN CI
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π-π AMPLITUDE IN CI
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