
Symmetry Constrains on
Pion Valence Structure

Lei Chang

leichang@nankai.edu.cn

Nankai University

2026轻强子专题研讨会，2026/05/15，商丘



Messager of QCD
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• In October 1934, Hideki Yukawa predicated the existence 

of a “heavy quantum” meson, exchanging nuclear force 

between neutrons and protons.

• It was discovered by Cecil Powel in 1949 in cosmic ray 

tracks in a photographic emulsion.

• Yoichiro Nambu associated it with CSB in 1960.

• It was nicely accommodated in the Eight Fold way of Murray 

Gell-Mann in 1961.



Messager of QCD
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PION’s dichotomy

Goldstone Boson Bound State

[1] Yuan-Ben Dai, Chao-Shang Huang, and Dong-Sheng Liu. Calculation of chiral symmetry breaking and pion 

properties as a Goldstone boson. Phys. Rev. D, 43:1717–1725,1991.

[2] H. J. Munczek. Dynamical chiral symmetry breaking, Goldstone’s theorem and the consistency of the Schwinger-

Dyson and Bethe-Salpeter Equations. Phys. Rev. D, 52:4736–4740, 1995.

[3] Pieter Maris, Craig D. Roberts, and Peter C. Tandy. Pion mass and decay constant. Phys. Lett. B, 420:267–273, 

1998.



Conventional way…if you like/can
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GPDs

LFWFs

PDAs

TMDs

Compute everything from LFWFs…

PDFs

FormFactors

Electromagnetic 

Gravitational…



However…Emergent Phenomena
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• Confinement and DCSB are emergent phenomena
       Not revealed by any amount of staring at Lagrangian for quantum chromodynamics;

        They determine the character of the QCD’s spectrum, the structure and  interactions of bound states

• Can one understand confinement and DCSB in terms of properties of the degrees-of-freedom used to 

formulate QCD?

     E.g., is it pointless to attempt to predict the pion’s DF/FF on a domain that is not yet accessible?

Must develop nonperturbative calculational methods to define and tackle 

QCD
1) Lattice-regularized QCD

2) Continuum methods in quantum filed theory



LeiChang|NKU                                                     5

Lesson
• Transition Form Factor



Play games…Inverse Problem
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GPDs

PDFs

FormFactors

Electromagnetic 

Gravitational…

LFWFs

PDAs

TMDs
2GeV！



Play games…Inverse Problem
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Play games…Inverse Problem
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FormFactors

Electromagnetic 

Gravitational…

FACT

• VMD at low 𝑄2

•  QCD prediction at high 𝑄2

𝑚𝑣
2

𝑄2 + 𝑚𝑣
2

~
𝑚𝑣

2

𝑄2+𝑚𝑣
2  𝛼 𝑄2 𝜔2(𝑄2) 



Play games…Inverse Problem
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FormFactors

Electromagnetic 

Gravitational…

• Monople!

2𝜆

𝑄2 + 2𝜆

• What we need?

An integral representation!



Play games…Inverse Problem
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Play games…Inverse Problem
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𝑦 = 𝑥

~
1

𝑥
𝑥

𝑄2

4𝜆



Play games…Inverse Problem
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𝑦 = 𝑤(𝑥)



Play games…Inverse Problem
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假设：w和Q无关！



Play games…Inverse Problem
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Imagine the Hadron at the 

Hadronic Scale
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Imagine the Hadron at the 

Hadronic Scale

𝑀𝑢 = 𝑀𝑑: 𝑥 → 1 − 𝑥 symmetry

Play games…Inverse Problem



Master equation
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𝐻(𝑥, 𝑄2)~𝑞(𝑥)ℳ(𝑥)
𝑄2

2𝜆

𝑞 𝑥 = 𝑞(1 − 𝑥)

𝑥 → 1 − 𝑥 symmetry
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Symmetry-Driven

Outcomes

• Monople

• w(x):Q independent

• symmetry



➢ The overlap representation raises a bridge with the LFWFs:

A broad, symmetric function with Gaussian profile.

➔ Broadness → EHM manifestation

➢ The distribution amplitude thus reads:

Leading-twist LFWF

Light-Front Wavefunctions
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Distribution Amplitude

➢ The pion DA reads:

D I L A T I O N

➢ The produced profile captures the EHM induced dilation.

For comparison:

⚫ Which can be quantified via:
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Distribution Amplitude

➢ The pion DA reads:

➢ The produced profile captures the EHM induced dilation.

For comparison:

⚫ Which can be quantified via:

➢ The large-x behavior:
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D I L A T I O N



Distribution Amplitude

➢ The pion DA reads:

➢ The produced profile captures the EHM induced dilation.

For comparison:

⚫ Which can be quantified via:

➢ The large-x behavior:
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D I L A T I O N



Distribution Function

➢ As the DA, the DF’s large-x behavior is influence by that of a(x), which reads: 

➢ The pion DF thus adopts the following large-x profile:

➢ The symmetry-based approach misses 

exact counting rules but captures QCD-

like qualitative DF features.

➢ For comparison:
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Empirical Validation

➢ The pion DF adopts the following large-x behavior:

➢ The symmetry-based approach misses 

exact counting rules but captures QCD-

like qualitative DF features.

➢ Its soundness is nevertheless 

validated empirically, after scale 

evolution to ζ = 5.2 GeV
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Final Highlights

➢ The emergent phenomena in QCD produces unique outcomes: 

⚫ Confinement, dynamical mass generation, and a peculiar effective coupling.

⚫ These orchestrate the formation of hadrons and their properties, and are responsible for almost all of the mass of the VM.

⚫ Key pion features emerge from symmetry principles alone.

➢ With minimal assumptions, and no parameters, essential DF features 

are well-reproduced:

➢ The pion must take center stage in elucidating these aspects.

⚫ In an age captivated by computational power, we shouldn’t lose 

sight of symmetry principles

➢ Differences with QCD-based results appear only in fine details (e.g. anomalous 

dimensions)

⚫ Mu = Md symmetry + pion EFF as a monopole
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Measurements-I

• At low Q2, Fπ can be measured directly via high energy 

elastic π+ scattering from the atomic electrons

➢  CERN SPS used 300 GeV pions to measure 

form factor up to Q2=0.25GeV2

     (Amedolia et al, NPB277, 168 (1986))  

➢ These data used to constrain the pion charge 

radius: rπ=0.657±0.012 fm 

• At larger Q2, Fπ must be measured indirectly using the “pion cloud” of the 

proton in exclusive pion electroproduction: p(e, e’ π+)n

➢  at small –t, the pion pole process dominates 

the longitudinal cross section, σL

     (L. Favart, et al, Eur. Phys. J. A 52 (2016) 158)  

➢ In the Born term model, Fπ appears as

Measurement of the p + Form Factor

At low Q2, Fp+ can be measured directly via high 

energy elastic p+ scattering from atomic electrons

[Amendolia et al, NPB277,168 (1986)]

– CERN SPS used 300 GeV pions to measure 

form factor up to  Q2 = 0.25 GeV2

– These data used to constrain the pion 
charge radius: rp = 0.657 ± 0.012 fm

At larger Q2, Fp+ must be measured indirectly using the “pion cloud” of the proton 

in exclusive pion electroproduction: p(e,e’p+)n
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– At small –t, the pion pole process dominates the 

longitudinal cross section, L

– In the Born term model, Fp
2 appears as

[In practice one uses a more sophisticated model]
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[EPJA 52 (2016) 158

[L. Favart, M. Guidal, T. Horn, P. Kroll, Eur. Phys. J A 52 (2016) no.6, 158]

Sullivan process, in which a nucleon’s pion cloud is used 

to provide access to the pion’s elastic form factor

arxiv:2508.15073

pion electroproduction and elastic pion scattering 
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Experimental studies over the last decade have 

given confidence in the electroproduction 

method yielding the physical pion form factor----

Tanja Horn

Measurement of the p + Form Factor
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(G.R. Farrar and D.R.Jackson, PRL43 (1979) 246;

 P. Lepage and S. Brodsky, PLB 87 (1979) 359)
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