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Our View of the Proton

with history

• Point-Like   1919

• Finite Size with Radius 1930s-1950s

• Quark Model 1960s

• QCD: Quarks and Gluons 1970s

• Puzzles and Anomalies 1980s-present

•Quark Sea of the Nucleon

•Baryon-Meson Fluctuations 

•Statistical  Features

• …… 
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Nucleons: Building Block of Matter

• Nucleon anomalous magnetic 

moment (Stern, Nobel Prize 1943)

• Electromagnetic form factor from 

electron scattering (Hofstadter, 

Nobel Prize 1961)

• Deep-in-elastic scattering, quark 

underlying structure of the nucleon

(Freedman, Kendell, Feldman, 

Nobel Prize 1990)

Understanding the underlying nucleon structure

from quantum chromodynamics is essential
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Surprises & Anomalies

about the Quark Structure of Nucleon: Sea

• Spin Structure:

“puzzle”: where is the proton’s missing spin

• Strange Content

• Flavor Asymmetry

• Isospin Symmetry Breaking  

3.0++= sdu

)()(   0 xsxss 

du 

npnp uddu      

Brodsky & Ma, PLB381(96)317

Ma, PLB 274 (92) 111

Boros, Londergan, Thomas, PRL81(98)4075 
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The Quark Model

---Starting from 1964： 夸克模型的提出

• Gell-Mann and Zweig proposed the Quark Model 

Hadrons are baryons composed by three quarks, 

and mesons  composed by a quark and an antiquark. 

Baryons:  p=uud,  n=ddu， Λ=uds, …

Mesons:  a quark and an antiquark

The findings of c quark, b quark, and t quark

• QCD as the basic theory of strong interactions

quarks and gluons as the fundamental building 

blocks of hadrons or new forms of matter
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Hadron States重子态

•Hadrons (Mesons and Baryons)  are classified as multiplet of 
SU(3) flavor group

-> constructed of 3 quarks only, 

baryon octet with JP=½ +

八重态

meson octet with JP=0-

八重态
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Baryon States  十重态



Deep Inelastic Lepton-Nucleon Scattering  

----- A powerful tool 

x=1维纵向动量



The Early MIT-SLAC Experiment

----- The weak Q2 dependence



The Early MIT-SLAC Experiment

----- The scaling behaviours of structure functions



The Parton Model

----- Established in the infinite moment frame of the nucleon
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The Parton Model
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The Theoretical Foundations of the Parton Model

----- Infinite momentum frame technique by Weinberg in 1966 

Dynamics at infinite momentum

Steven Weinberg, Phys. Rev. 150 (1966) 1313-1318
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The Theoretical Foundations of the Parton Model

----- The Light-Front Dynamics by Dirac in 1949 

P.A. M. Dirac, Forms of relativistic dynamics, 
Reviews of Modern Physics 21 (3) (1949) 392-399.

Dirac的light-front dynamics（光前动力学）的原创思想来源于1949年狄拉克

发表的论文《Reviews of Modern Physics》中的“Forms of Relativistic 

Dynamics”部分。

在该论文中，Dirac提出了将狭义相对论与动力学的哈密顿表述相结合的多种方

式，讨论了三种不同的形式：瞬间形式（instant form）、点形式（point form）

和前形式（front form），其中前形式即光前动力学的基础 。
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Conclusion

• Parton model is established in the IMF or 
light-cone formalism.

• The identification of partons with quarks are 
supported by experimental evidence.

• A proper understanding of nucleon structure 
relies on the quark-parton model in IMF or 
light-cone formalism.
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