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 The simple parton picture of the nucleon spin 
exists only for transverse polarization 

 Transverse polarization: sum rule or relation?  
 Helicity sum rule, the gauge invariant version, 

lattice calculation, twist-3 GPDs  
 Helicity sum rule, the light-cone version, 

twist-3 GPDs, Wigner distribution 

 
 



 What is the spin structure of the nucleon?  
 Theorists: any frame, any gauge.. 
 Experiments:  

 Infinite momentum frame: how the nucleon spin is made 
of parton constituents 

 Gauge invariance: either textbook type of gauge symmetry, 
or GIE through light-cone gauge A+ = 0.  

 



 The proton has spin, but can also have orbital 
motion itself. When we considering the spin 
structure, we cannot mix in the orbital motion. 
Therefore, it is critical that what type of proton 
states that one chooses.  

 The safest approach is to choose a plane wave 
proton state, just like what experimenters prepare in 
lab.  







 Burkardt (2005)  
 Important point:  
   
 
 
works for transverse spin! 
 Need a wave packet?  
 Works only for the sum? (relation)  
  if a parton picture works, one has to show that a 
parton of momentum x will carry angular momentum  
x(q(x)+E(x)).  

 



 Consider parton momentum density  
 
 

It has a “distribution” term depending on coordinate ξ,  

 
 
 
 Calculating its contribution to the transverse spin 

density 
 











 Why twist-three? Because the AM operator involves  
parton transverse momentum!  
 
 
 
 
 
 It has involves parton transverse coordinates! 
 To develop a parton picture, we need a wigner 

distribution in the transverse direction.   
 
 
 
 
 
   
 







 Distribution in x, b, k 
 
 
 
 
No known experimental measurement, but can be 
calculated in lattice QCD! 
 Parton OAM,  

 
 

 
which is experimentally measureable!  
 

 
 

 
 







 Presence of A┴ in the covariant derivative spoils 
simple parton picture! Let’s get rid of it.  

 One can work in the fixed gauge A+=0 
 
 
 
 

    All operator are bilinear in fields, which leads to a 
spin decomposition in light-cone gauge 

 



 A gauge-dependent quantity is usually not 
measurable in experiment 

 However, if one is lucky enough, a GIE is measurable 
   experimentally.   
 Example is the gluon spin operator in the light-cone 

gauge. 

 It is not known that the gluon spin operator in any other 
gauge has a GIE that is measurable.  

 It is possible to measure the matrix element of the 
GIE of the OAM in LC?  Yes.  



 Partial derivative in LC gauge can be gauge-
invariantized as follows 
 
 
 

 The second term is a non-local operator along the 
lightcone.  

 Question is can one measure something like this?  
 

 



 OAM density 
 
 
 
 
 

Bashingsky, Jaffe, Hagler, Schaefer…  
 which also has GIE in the light-gauge.  

 
 
 
 
 



 All GIE of the OAM in LC can be related to the matrix 
elements of twist-three GPDs.  

 The gauge-variant AMO density in LC is measurable  
in experiment!   
 
 X. Ji, X. Xiong, F. Yuan, To be published.  



 Define the gauge-invariant quark field through LC 
gauge link  
 
 
 

 Define a Wigner distribution  



 Angular momentum density 
 
 
 
 
 
 
 

 Unfortunately, it cannot be calculated on lattice 
(with finite number of moments)  



 WLC (x,b,k) might be measurable in exp. directly.  
   to be published, Ji, Yuan and others, 
 Interplay with TMDs! One can check the consistency 

or use the constraint. 
 In some sense, GPD is already a Wigner distribution 

(Belitsky, Ji, Yuan)   


