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Introduction: DIS and Nucleon Structure

Deep-inelastic lepton-nucleon scattering XeNe  
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核子结构
理想的探针

电磁相互作用
点结构

电子：
完全确定
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leptonic tensor

的算符表达式：

一般形式：

wave function of nucleon

 W

structure function of nucleon

),()()( xxexJ   electromagnetic current： :| p

The differential cross section：

hadronic tensor
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Introduction: DIS and Nucleon Structure

几十年实验与理论研究，取得了巨大成就：

质子由更小的点粒子构成Bjorken Scaling

Gottfried求和规则

Callen-Gross关系

构成质子的点粒子带分数电荷

构成质子的点粒子自旋为1/2
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Nobel Prize 1990

Jerome I. Friedman Henry W. Kendall Richard E. Taylor

“We see quarks through deeply inelastic lepton-nucleon scattering.”

部分子模型：目前核子结构最成功的描述。

http://nobelprize.org/nobel_prizes/physics/laureates/1990/friedman.html
http://nobelprize.org/nobel_prizes/physics/laureates/1990/kendall.html
http://nobelprize.org/nobel_prizes/physics/laureates/1990/taylor.html
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Introduction: DIS and Nucleon Structure

Parton model：
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not gauge invariant！
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Field operator expression of the parton distribution function

Questions:

Gauge invariant form:

How do we get these expressions?

Where does the gauge link come from?
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Inclusive DIS: where does the gauge link come from? 

Consider XeNe  
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The scattering matrix element:
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Inclusive DIS: where does the gauge link come from? 

Parton model

The hadronic tensor:
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No QCD interactions.
Not (color) gauge invariant!.
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Inclusive DIS: where does the gauge link come from? 

Collinear approximation                                                                      

The hadronic tensor:
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Inclusive DIS with QCD interaction

Consider QCD interaction: first order
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Inclusive DIS with QCD interaction

Consider QCD interaction: first order
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Inclusive DIS with QCD interaction
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Not  gauge invariant!

Parton distribution/correlation:

  …
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Inclusive DIS with QCD interaction

Collinear expansion:
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Inclusive DIS with QCD interaction
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Inclusive DIS with QCD interaction
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Inclusive DIS with QCD interaction

Conclusion: 

Collinear expansion is the necessary procedure 

to obtain the gauge invariant parton distributions.

Question: How about semi-inclusive DIS?
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Semi-Inclusive DIS with QCD interaction

Consider first e +p e + q + X,  i.e., NO fragmentation
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Semi-Inclusive DIS with QCD interaction

The hard parts
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Semi-Inclusive DIS with QCD interaction

Using the mathematical identity:
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We obtain:
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Semi-Inclusive DIS with QCD interaction

The same collinear expansion technique leads to
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Gauge invariant parton distributions/correlations (with gauge link)
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SIDIS with : Direct consequence I

Consider the contribution from 

Cross section 

for epeqX

Parton 

distributions
Cross section for 
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SIDIS with : Direct consequence II

A simplification of 

k
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SIDIS with      : Direct consequence II

This leads to
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is relevant in semi-inclusive deep-inelastic lepton-nucleon scattering.
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SIDIS with      :  differential cross-section to 1/Q

Unpolarized SIDIS:
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SIDIS with      :  differential cross-section to 1/Q

Unpolarized SIDIS:
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Transverse momentum broadening in nucleus

Replace N by A, the gluons can connect to different nucleons in A. 

Gauge link comes from: 

+ +…+ … +…

Nuclear enhancement or transverse momentum broadening

Transverse momentum broadening should be contained in 

the gauge link.
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Transverse momentum dependent PDF in nucleus

With “maximal two gluon approximation”,

i.e., only maximal two gluons are connected to one nucleon
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Nuclear dependence of the azimuthal asymmetry

Azimuthal asymmetry in XjetqeNe  
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Nuclear dependence of TMD parton distribution/correlation functions 
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Nuclear dependence of the azimuthal asymmetry

An example: take a Gaussian for the transverse momentum dependence
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suppressed! 
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Summary

 Field operator expressions of parton distribution and/or correlation 

functions are derived from the basic principles of QFT. 

 Gauge link comes from multiple gluon scattering and collinear 

expansion is a necessary procedure to obtain the correct form of 

gauge link and that of the corresponding hard parts. 

 Collinear expansion applies in inclusive and semi-icluisve DIS 

e+pe+q+X as well.

 In “maximal two gluon approximation”, 

 Many other consequences.
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