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Introduction and Background
● Parton distribution functions (PDFs) provide the probability for a parton to carry a fraction x 

of the proton momentum, which is an important input for high energy scattering experiments

● Phenomenological (pheno.) studies of the gluon PDF have some difficulties in obtaining the 
PDF in the large-𝑥 region because of limited data

○ Ongoing and future experiments such as those at FNAL (HL-)LHC, LHeC, FCC(?), EIC, EicC will help reveal 
more information about the gluon PDFs

● LaMET and other lattice methods have provided some
results for gluon PDFs but there is much statistical and 
systematic improvement left to be done

● Coulomb gauge PDFs promise to reduce statistical errors 
and in turn allow us to go to higher momenta, lower pion 
mass, etc.
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Box Diagram I

● This diagram becomes a lot harder with 3 propagators

● One can try to cleverly deal with the 16 individual contractions

● Or we can use Feyncalc or the likes to handle these and solve the integrals 
algorithmically 
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Box Diagram II

● If we do the temporal integration carefully, we can reduce 
everything to a nice set of 2-2𝜖 integrals, which have closed forms 

● The most difficult part about the rest of the calculation is handling the 
hypergeometric functions with parameters depending on 𝜖, which hide 
singularities at x=1:
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𝜖-Expansion
● Initially, we used HypExp to handle the expansion of hypergeometric 

functions, but this does not respect expansion of terms end point singularities

● To handle our expansion properly, we have to isolate the singularities from the 
hypergeometric functions by writing:

● Expanding like this carefully and adding the contribution from the gluon 
wavefunction renormalization, we recover exactly the DGLAP kernel for our 
IR divergence, which nearly proves NLO factorization!
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Current Results For Matching

● For x ≠ 1, the results look something as follows (we haven’t simplified the 
expression with full handling of the plus prescription yet)

● However, even after anti-symmetrizing the results, we have an issue: 

● This suggests that the matching, convolution does not produce convergent 
results for any gluon PDF that does not approach 0 as y → 0
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An Issue Persistent in the Literature
● This same behavior exists for every (gauge invariant) gluon matching kernel 

calculated in momentum space in the literature!

● This result is mentioned briefly in Balitsky, et al. PLB 808:135621 (2020):

● In papers where matching is derived through position space first, this problem does 
not seem to occur. Unfortunately for our calculation, completing loop integration 
before the Fourier transform seems prohibitively difficult…

● We hope to track down some prescription to remove these singularities, we’re open 
to suggestions 13/14
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Conclusion and Outlook

● We have calculated the quasi-PDF for the Coulomb gauge operator
                            via momentum space, and demonstrated that the IR 
behavior is the same as the light-cone PDF

● We have uncovered in our calculation, an issue with other momentum space 
calculations, where the matching convolution is not generally convergent 

● We plan to uncover the inconsistency between position and momentum space 
matching kernel calculations as a side product of this calculation

● We will also complete the more straightforward calculation of the 
quark-in-gluon matching once the glue-glue calculation is resolved, though 
this contribution is expected to be small

● We are actively measuring Coulomb gauge operators and plan to get 
numerical results before Lattice2026
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