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Polarization data has often been the  graveyard of 
fashionable theories.                                                                
If theorists had their way, they might  just ban such 
measurements altogether  out of self-protection

Outline
measurements altogether  out of self protection.

J.D. Bjorken
St. Croix, 1987 

 QCD factorization and hadronic 
l i i (L 1)polarization (Lecture 1)

 Axial anomaly and transport in hadronic 
media (Lecture 2)media (Lecture 2)

d h l Vorticity and hyperon polarization 
(Lecture 3) 



Outline of Lecture 1

 QCD and factorization

 Hadronic structure ~ hadronic matrixHadronic structure  hadronic matrix 
elements of quark and gluon operators

 Density matrix and axial current

 Single spin asymmetries and QCD



QCD



QCD like QED



QCD unlike QED



Applying Asymptotic Freedom



Appearance of subprocess



Quarks in hadrons



Twist



Spin ½ quarks



Density matrix of quarks y q
inside hadrons



Flavours and gluons



Constraining lowest moments



Momentum and spin – Axial p
Anomaly appears



Single and double spin g p
asymmetries



Simple example



Single Spin Asymmetries and g p y
Spin-Orbital Interactions



Single Spin Asymmetries in g p y
pQCD



NPQCD: twist 3 and T-odd Q
distributions 



Summary of Lecture 1
 QCD factorization – “Zoo” of parton distributions 

(correlations)(correlations)

 Hadron structure encoded in hadronic matrix 
l t f k/ l fi ld t l bj t felements of quark/gluon fields – natural objects of 

Lattice/NP QCD

 Spin – related to axial current and Anomaly    
(Lecture 2)

 Single Spin Asymmetries – Spin Orbital Interactions
(Lecture 3)(Lecture 3)


