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• Phenomenological approaches…
• Global Fit…
• lQCD…direct simulation…
• Continuum Schwinger Methods…???
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a nonzero gluon mass-scale
a process-independent effective charge

the dressed-quarks with constituent-like masses

三足金乌
Three legged Golden Crow

The Divine Bird 
in Chinese Mythology
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Ø Theoretical calculations are perfomed at 
some low energy scale.

è Then evolved via DGLAP equations to 
compare with experiment and lattice.

Hide gluon Seek gluon

• Imagine the Hadron at the Hadronic Scale
• Evolution
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• Imagine the Hadron at the Hadronic Scale

• Evolution

4



Lei Chang (NKU)

“Constituent” quarks
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• The strong interaction of a quark  with its (gluon) 
surrounding gives rise to a “constituent” quark with 
effective mass M0;

• M0 is about mp/3 and runs as a logarithm-corrected 1/k2 
power-law in the ultraviolet region;

• This consistuent quark has the finite size(B. Povh and J. 
Hufner, PLB245(1990)653);

Natrual Scale:mp/3
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New perspective on hadronic scale！
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The running coupling alters at mG so that modes with 
k2<m2 are screened from interactions and theory enters 
a practically conformal domain.
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• Imagine the Hadron at the Hadronic Scale

• Evolution
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Gluon distribution: hide and seek——Opposition
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Story of Pion: proposition view
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Story of Pion: example
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Maris, Roberts and Tandy, Phys. Lett. B420(1998) 267-273

Ø Pion’s Bethe-Salpeter amplitude Solution of the Bethe-Salpeter equation

Ø Dressed-quark propagator

Ø Axial-vector Ward-Takahashi identity entails(chiral limit)
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Boundaries of pion DF and moments at the hadronic scale
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Nakanishi representation 

𝜌 𝑧 = 1 − 𝑧# 𝜌 𝑧 = 𝛿 1 + 𝑧 + 𝛿(1 − 𝑧)
Mellin moments

Boundaries of Mellin moments at the hadronic scale
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Pion PDF: Lattice moments at hadronic scale

Ø lattice QCD:
PRD100(2019)114512,99(2019)074507,104(2021)054504
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• The Moment Problem: we propose a strategy 
to sieve the moments of the PDF by exploiting 
its properties such as continuity, unimodality, 
and symmetry;

• the mean of the moments, whose raw data are 
clearly not in the region between the two 
boundaries, enter the region after being sifted;

• Support “Hadronic scale”!
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How…Describe bound-state(incomplete. example) 

1951

A relativistic equation for Bound-State problem
Salpeter and Bethe, PR84(1951)1232

1998

Pion mass and decay constant
Maris, Roberts and Tandy, PLB420(1998)267

Sketching the Bethe-Salpeter kernel
Chang and Roberts, PRL103(2009)081601

2009

Lane, PRD10(1974)2605
Politzer,  NPB117(1976)397; Pagels…

1974/1976 ……

Munczek, PRD52(1995)4736

1995

Yuan-Ben Dai, et al, PRD43(1991)1717

1991

1961

L.D.Faddeev, Sov. Phys. JETP12, 1014(1961)

2009

G. Eichmann

2018

Si-xue Qin

......Quark-Diquark Model of the Nucleon(many many papers)……

2024

Zhao-qian Yao
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Models

ü Propagators for quark and diquarks

ü Pion BS and proton Faddeev amplitudes

• Quark distribution in the diquarks

• Four parameters: M=0.4GeV, M0=0.78GeV, M1=0.92
      𝑟"$ = 𝑎"!/𝑎$!

Ø 1/𝑘% behaviors

Ø 𝑀𝑦 𝑐ℎ𝑜𝑖𝑐𝑒

𝐸(𝑘; 𝑃)~(
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𝑑𝑧𝜌(𝑧)

𝑀#

𝑘# + 𝑧 𝑘 . 𝑃 + 𝑀#
Ø 1/𝑘# behaviors
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Large-x behavior
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Constraint-I

Constraint-II
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Distributions at the hadronic scale

• Valence quarks carry all the momentum 
of hadron at the hadroni scale

• Diquark correlations 𝑢&(𝑥) ≠ 𝑑&(𝑥) in 
the proton

• Pion is the Nature’s most dilated PDF
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Evolution (𝜻𝟑 = 𝒎𝑱/𝝍 = 𝟑. 𝟎𝟗𝟕𝑮𝒆𝑽)
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Pion possess significantly more support on the valence domain than those in the proton!
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Moments (𝜻𝟑 = 𝒎𝑱/𝝍 = 𝟑. 𝟎𝟗𝟕𝑮𝒆𝑽, 𝜻𝟐 = 𝟐𝑮𝒆𝑽)
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• our approach entails that comparable momentum fractions in the proton and pion are identical
• This quantitative similarity also extends to the charm quark: we find ⟨x⟩ζ2 = 1.32(5)%, ⟨x⟩ζ3 = 1.82(6)%, 

compared with the values 1.7(4), 2.5(4)% in  R.D. Ball, et al., Parton distributions from high-precision collider data, Eur. Phys. J. C 77 (10) (2017) 663. 
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• Ending debate on the large-x 
behavior of pion and wait for the 
experiments

• Develop RL truncation of proton 
techniques and calculate the 
proton structure function directly

• Systematic error controls
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