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Energy-momentum tensor 

 A lot of interesting physics is contained in the EM tensor ! 
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Energy-momentum tensor 

 In presence of spin density 

Rest frame 

No « spin » contribution ! 
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Energy-momentum tensor 

 Quark energy-momentum tensor 

 General parametrization 

Non-conservation Asymmetry 
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Proton spin structure 

Quark spin 

Quark OAM 

Quark spin-orbit correlation 
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Parity-odd energy-momentum tensor 

 Chiral decomposition 

 General parametrization [C.L. (2014)] 

Asymmetric 

Belinfante 

 Longitudinal spin-orbit correlations 
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Chiral-odd energy-momentum tensor 

 Transversity decomposition 

 General parametrization [Bhoonah, C.L. (2017)] 

Asymmetric 

Belinfante 
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Burkardt’s correlation 

 Transversity asymmetry of total AM 

 Transverse total AM 

[Bhoonah, C.L. (2017)] 

Rest frame 
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Moving frame 
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Moving frame 

 Instant-form correlation with Belinfante tensor 



Link with GPDs 

 GPD correlators 

 Mellin moment of GPDs 
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Leading twist (m =+) 
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Sub-leading twist 
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Parametrization [Meissner, Metz, Schlegel (2009)] 



Relations between form factors 
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Interpretation of leading-twist relations 

 Transverse spin-orbit correlation 

Longitudinal OAM 

Longitudinal spin-orbit correlation 
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Some figures 

Spin and kinetic OAM of valence quarks are anti-correlated ! 

LFCQM, LFcQSM 

[Göckeler et al. (2005)] 
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Lattice QCD 



Conclusions 

• In presence of spin density, EMT is asymmetric 

 

• EMT can be decomposed according to  parton polarization 

 

• Spin-orbit correlations complementary to nucleon spin sum rule 

 

• Information encoded in GPDs and standard form factors 

 

• Quark models and Lattice suggest negative spin-orbit correlations 

Take home message 


