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Outline

● Parton Distribution Functions and Generalized 
Parton Distributions: definitions and symmetries

● Ioffe time 
● Reconstructing Parton Distributions using 

Lattice QCD moments
● Extending to Generalized Parton Distributions 
● Pseudo PDFs



  

Hard and Soft Parts

Hard Interaction

Soft Interaction

Deep Inelastic 
Scattering



  

Symmetries

Symmetric in x

Anti symmetric in x



  

Coordinate Space

Ioffe Time 
and zT

Impact 
Parameter



  

● At small z- use Mellin moments to describe the 
correlator in z- space.

● At large z-, large compared to proton size, use 
Regge behavior .

Coordinate space picture, Ioffe Time 

Braun, Gornicki and Mankiewicz, Phys. Rev. D 1995 



  

Fourier transform to z- space

Can be approximated using Mellin moments for small z.



  

Large z-

Imaginary part of Fourier transform of PDF described by 
Regge part for large z



  

Large z-

Imaginary part of Fourier transform of PDF described by 
Regge part for large z

Proton size

Regge Tail



  

Small z-



  

Small z-



  

Mellin Moments from Lattice

W. Detmold et al.,  

Moment u-d
μ2= 4 GeV2 

Linear 
extrapolation

Chiral 
extrapolation

Phenomenology 
CT10

M1 1 1 1

M2 0.262 0.18(3) 0.169

M3 0.0843 0.05(2) 0.0536

M4 0.0340 0.02(1) 0.0221

 Mod.Phys.Lett. A18 (2003)  Eur.Phys.J.3 (2001),  

u - d



  

LHPC (Ph. Hägler et al.)   Phys.Rev. D77 (2008) 

Moment u-d
μ2= 4 GeV2 

mπ=352 MeV Chiral 
extrapolation

Phenomenology 
CT10

M1 1 1 1

M2 0.206(14) 0.157(10) 0.169

M3 0.078(16)         / 0.0536

M4        /         / 0.0221



  

Note

● The region between small z and large z is a 
source of uncertainity, more moments make a 
big difference.



  

Reconstructing PDFs using its own 
moments

Reconstructing CT10 using 5 of its own moments.



  

Reconstructing using Lattice QCD 
moments

More moments give higher precision ! 



  

Reconstructing using Lattice QCD 
moments 

Comparison Detmold and Hägler



  

Generalized Parton Distribution 
Functions

Ioffe Time 
and zT

Impact 
Parameter



  

Polynomiality Property of GPDs

The x moments of the GPDs depend on    and the 
Generalized Form Factors.

We can generate the x     plane if we know the GFFs.



  

Lattice Calculations of Generalized 
From Factors

Hagler et al, Phys. Rev. D (2008)



  

Lattice Calculations of Coefficients

Can be used to calculate the x and   dependence of the 
GPD H. Also use A32.

Hagler et al, Phys. Rev. D (2008)



  

FFT cos FFT sin

Inputs For Reconstructing GPDs

● Reconstruct the Ioffe time dependence using lattice 
calculations of GFFs and Regge behavior.

Goldstein, Gonzalez and Liuti Phys. Rev. D (2011)



  

Reconstructed GPDs



  

Pseudo PDFs : Going of the light 
cone

Radyushkin, Phys. Lett. B 2017, 
Phys. Rev. D 2017

Orginos et al., arxiv:1706.05373  



  

Pseudo PDFs : Going of the light 
cone

Radyushkin, Phys. Lett. B 2017, 
Phys. Rev. D 2017

Orginos et al., arxiv:1706.05373  



  

Pseudo PDFs : Going of the light 
cone

Pseudo PDFs go off the light cone, 

Radyushkin, Phys. Lett. B 2017, 
Phys. Rev. D 2017

Orginos et al., arxiv:1706.05373  

PDF limit



  

Pseudo PDFs in z- space 

● zT is conjugate to kT
● If the kT dependence factors out, taking a ratio will leave us 

with the Ioffe time distribution which is the Fourier transform of 
PDFs.

Does this actually happen ?



  

Checking in diquark model

 Dependence on zT



  

Checking in diquark model

 Dependence on zT



  

Summary

● Lattice QCD moments provide crucial information about 
PDFs and GPDs, more moments will be very helpful.

● Going to z space allows us to map out which part of x 
dependence comes from inside the proton and which 
from the large z.

● What is the significance of some of the GFFs being so 
small ?

● Pseudo PDFs are a provide a new way of obtaining 
PDFs from the lattice, we study how well zT dependence 
factors out.  
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