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[Dirac (1955)] 

[Mandelstam (1962)]  

[Chen (2012)] 

[C.L. (2013)] 
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OAM and path dependence 
[Ji, Xiong, Yuan (2012)] 

[Hatta (2012)] 

[C.L. (2013)] Quark generalized OAM operator 
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FSI ISI 

SIDIS Drell-Yan 

OAM and path dependence 
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[C.L. (2013)] 
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5/19 



FSI ISI 

SIDIS Drell-Yan 

OAM and path dependence 
[Ji, Xiong, Yuan (2012)] 

[Hatta (2012)] 

[C.L. (2013)] 

Coincides locally with kinetic quark OAM 

Naive T-even 

x-based Fock-Schwinger Light-front 

Lq 
Lq 

Quark generalized OAM operator 
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Phase-space approach 

Quark generalized OAM operator 

[C.L., Pasquini, Xiong, Yuan (2012)] 

[C.L. (2013)] 

Quark energy-momentum tensor operator 
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Phase-space approach 

Quark generalized OAM operator 

[C.L., Pasquini, Xiong, Yuan (2012)] 

[C.L. (2013)] 

Quark energy-momentum tensor operator 
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Phase-space approach 

Quark generalized OAM operator 

Quark average OAM 

[C.L., Pasquini, Xiong, Yuan (2012)] 

[C.L. (2013)] 

Quark phase-space density of OAM 
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Phase-space approach 

Quark momentum-space density of OAM 

[C.L., Pasquini, Xiong, Yuan (2012)] 

[C.L. (2013)] 

[Meißner, Metz, Schlegel (2009)] 

Parametrization 

• No known physical process ! 

• Can (and will) be calculated on the lattice 
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Ji’s approach 

 Let’s focus on the energy-momentum tensor ! 

 Energy 
density 

 Momentum 
density 

 Energy 
flux 

Momentum 
flux 

Shear stress 

Normal stress   (pressure) 

In rest frame 
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Ji’s approach 

 In presence of spin density 

No  explicit « spin » contribution ! 

 Belinfante 
« improvement » 

Spin density gradient Four-momentum circulation 

In rest frame 
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Ji’s approach 

 Energy-momentum operator 

 Matrix elements Normalization 
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Ji’s approach 

 Energy-momentum FFs 

 Momentum sum rule 

 Angular momentum sum rule 

[Ji (1997)] 

Vanishing gravitomagnetic moment ! 
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Ji’s approach 

 Energy-momentum FFs 

 Momentum sum rule 

 Angular momentum sum rule 

[Ji (1997)] 

Vanishing gravitomagnetic moment ! 

Non-conserved current 
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Ji’s approach 

 Leading-twist component 

 Link with GPDs 

[Ji (1997)] 

Measurable e.g. in DVCS ! 
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Lattice results 

CI DI 

[Deka et al. (2013)] 
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Kinetic vs canonical OAM 

Quark naive canonical OAM (Jaffe-Manohar) [Burkardt (2007)] 
[Efremov et al. (2008,2010)] 

[She, Zhu, Ma (2009)] 
[Avakian et al. (2010)] 
[C.L., Pasquini (2011)] 

Model-dependent ! 

Kinetic OAM (Ji) 

[Ji (1997)] 

[Penttinen et al. (2000)] 

[Kiptily, Polyakov (2004)] 

[Hatta (2012)] 

but 

No gluons and not QCD EOM ! 

[C.L., Pasquini (2011)] 

Pure twist-3 

Canonical OAM (Jaffe-Manohar) [C.L., Pasquini (2011)] 

[C.L., Pasquini, Xiong, Yuan (2012)] 

[Hatta (2012)] 

[Kanazawa et al. (2014)] 
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GPDs vs TMDs 

Monopole Dipole Quadrupole GPDs TMDs 

Multipole structure of the amplitudes 

GPDs 

Lattice 

[Burkardt (2002)] 
[Bacchetta, Radici (2011)] 

Phenomenological relation 

Lensing function 
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Summary 

• Phase-space/Wigner distributions can be defined for quark & gluons 

• Only projections of these distributions are experimentally accessible 

• Nucleon spin decomposition is not unique (so be consistent !) 

• Quark and gluon OAM account for ~50% of nucleon spin 

• Spin and OAM are at the origin of observed asymmetries 

Lectures 1-6 
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