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Proton Spin



Proton Spin Puzzle

• Current experimental status
of helicity PDFs
• OAM
• Lattice results
• Small-x
• What is he roadmap to 

solving the spin puzzle
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36M. Constantinou

 Satisfaction of spin and momentum sum rule is not forced 

[C. Alexandrou et al., Phys. Rev. Lett. 119, 142002 (2017), [arXiv:1706.02973] ] 

̣ Striped segments: connected  
contributions (connected)  

̣ Solid segments: disconnected  
contributions (quark & gluon) 

Spin decomposition
MS(2GeV)

Quark orbital angular momentum 
extracted indirectly (Lq = Jq - Σq)

M. Constantinou, ANL Colloquium (May 10th 2019)



Helicity PDFs at Small-x
• Theoretical calculations by Bartels, Ermolaev and Ryskin (BER, 1996) and 

by YK, Pitonyak and Sievert (2015-17, KPS).

• KPS results (large-NC):

• BER results at large-NC (for both quark and gluon helicity distributions):

For finite NC and Nf=4 BER have 3.66 à 3.45.
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Helicity PDFs at Small-x
• The summary of the existing powers of x is

• Similar disagreement exists for OAM distributions at small x. 
• However, even the smaller KPS powers lead to potentially important 

contributions to the proton spin coming from small x. (next) 
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Impact on proton spin
• We have attached a                                           curve to the existing hPDF’s fits 

at some ad hoc small value of x labeled x0 :
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Impact on proton spin
• Defining                                                              we plot it  for x0=0.03, 0.01, 

0.001:

• We observe a moderate to significant enhancement of quark spin. 
• More detailed phenomenology is needed in the future. 
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Impact of our DG on the proton spin
• We have attached a                                           curve to the existing hPDF’s fits 

at some ad hoc small value of x labeled x0 :
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Impact of our DG on the proton spin
• Defining                                                              we plot it  for x0=0.08, 0.05, 

0.001:

• We observe a moderate enhancement of gluon spin. 
• More detailed phenomenology is needed in the future. 
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