
Pseudo-PDFs

Kostas Orginos 

  arXiv:1706.05373

Joseph Karpie 
Anatoly Radyushkin 

Savvas Zafeiropoulos

Collaborators: 
Chris Monahan 
David Richards

https://arxiv.org/abs/1706.05373


Introduction
• Goal: Compute hadron structure properties from QCD 

• Parton distribution functions (PDFs) 

• Operator product: Mellin moments are local matrix elements that can be computed in 
Lattice QCD  

• Power divergent mixing limits us to few moments 

• Recently X. Ji suggested an approach for obtaining PDFs from Lattice QCD 

• First calculations already available 

• A new approach for obtaining PDFs from LQCD introduced by A. Radyushkin is 
investigated numerically in this work

X. Ji, Phys.Rev.Lett. 110, (2013)

Y.-Q. Ma J.-W. Qiu (2014) 1404.6860  
H.-W. Lin, J.-W. Chen, S. D. Cohen, and X. Ji, Phys.Rev. D91, 054510 (2015) 

C. Alexandrou, et al, Phys. Rev. D92, 014502 (2015) 



Mα(z, p) ⌘ hp|ψ̄(0) γα Ê(0, z;A)ψ(z)|pi
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Lorentz decomposition:
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Definition of PDF: 

A. Radyushkin Phys.Lett. B767 (2017)



Mp(−pz,−z
2) is a Lorentz invariant therefore  

computable in any frame

ν = −zp

It can be shown that the  domain of x is [-1, 1] 

A. Radyushkin Phys.Lett. B767 (2017)

Mp(ν,−z
2) at small z2 is called Ioffe time PDF

ν is called Ioffe time B. L. Ioffe, Phys. Lett. 30B, 123 (1969)

V. Braun, et. al Phys. Rev. D 51, 6036 (1995)
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Ji Quasi-PDF
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Improvement to Ji’s quasi-PDF
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Suggested also by M. Constantinou GHP2017 based on a mixing argument
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Pseudo-PDF

UV divergences will cancel in this ratio

Denominator is regular at z
2

3
→ 0

Mp(0, 0) = 1 Isovector matrix element
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3
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Mp(ν, z
2

3
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Mp(0, z23)

Scaling violations to the Ioffe time PDF may be suppressed 

A. Radyushkin Phys.Lett. B767 (2017)
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DGLAP kernel in position space
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Numerical Tests
• Quenched approximation β=6.0 

• Need series of small z3 

• Need a range of momenta to scan ν

• Goals: 

•  Check scaling violations 

• Understand the systematics of the approach

32
3
× 64 mπ ∼ 600MeV

Μελτέμι
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Constructed to  remove lattice spacing errors



Gaussian smeared sources

Dispersion relation
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Cusp indicates “linear” divergence of Wilson line
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Points in previous two plots obtained in with different z/a 

i.e. correspond to the Ioffe time PDF at different scales!
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DGLAP evolution:

Apply evolution only at short distance points [~1GeV]
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Summary
• Pseudo-PDFs are a viable new approach for obtaining collinear PDFs (Ioffe 

time PDFs) from  LQCD calculations 

• Use the hadron momentum to scan Ioffe time ν (which is the Fourier dual to 
momentum fraction x) 

• Large hadron momentum is needed to access small x physics which 

corresponds to large ν  

• Light cone is approached by sending z
2

 to zero keeping ν fixed 

• Scaling violations in z
2  

are suppressed in pseudo-PDF ratio 

• At short distances z
2

=0 singularity leads to DGPLAP evolution 

• At short distances, the observed z
2

 dependence is compatible with DGLAP 

evolution


