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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

● The gluon PDF has been primarily studied through moments and the pseudo-PDF 
method, until last year, I presented tentative results for the gluon quasi-PDF from 
LaMET, without matching

● With the new perturbative calculations for our 
operator, I can now present the results for the first 
gluon PDF from LaMET

Amaroso, et al. (Snowmass) Acta Physica Polonica. B, 53, 12 (2023)
Aguilar, et al. Eur. Phys. J. A 55, 190 (2019).
Achenbach, et al. (LRP) Nucl. Phys. A 1047:122874 (2024) Image credit: CERN 1/15
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Large Momentum Effective Theory 

● Instead, we measure Euclidean correlators in large 
momentum states, renormalize, Fourier transform, and match to the light-cone

●

● Previous pseudo-PDF studies have used this operator, which has better signal 

Ji, PRL 110:262002 (2013).
Ji, Sci. China Phys. Mech. 
Astron. 57:1407 (2014).
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(Almost) First GLuon PDF from LaMET

● On the other hand, the 3rd operator 
provided very good signal, but we had to 
make a guess on the renormalization:
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Some Help From an Expert

● Without the perturbative QCD expertise in our group, we were dead in the 
water, until Dr. Fei Yao came to MSU for a seminar and we discussed this 
problem!

● We took the information from the pseudo-PDF matching paper for
to derive the Wilson coefficient and momentum space matching 

● With these two pieces of information, we can properly renormalize our data 
for this operator and match to the light-cone!
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Lattice Information 

● We use lattice spacing    ~ 0.12 f  fm, and tune valence pion masses to Mpi      310 
and 690 MeV 

● ~1.2M 2-point (2pt) correlator measurements over 1013 configurations 

● Gaussian momentum smearing to get signal up to 2.14 GeV boost momentum

● Two gauge link smearing sets for the 3-point (3pt) correlators: 5 steps of hypercubic 
smearing (HYP5) and Wilson flow with time t=3a² (W3) 

● We look at the “strange” nucleon (Ns), light 
nucleon (Nl), strange pion (es), and the light 
pion (𝜋)

Follana et al. PRD 75:054502, 2007.
Bazavov, et al. [MILC], PRD 82:074501 2010.
Bazavov, et al. [MILC], PRD 87:054505 2013. 
Bazavov, et al. [F Lattice and MILC] PRD 98:074512 
2018
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Hybrid-Ratio Scheme

● zs is a distance scale, before which the divergence is mostly ignorable
○ Should not be much more than ~0.3 fm

●                  can be fit by matching to the Wilson coefficients for the given 
operator:
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We do this, then fit to three points {z-0.02 fm, z, z +0.02 fm}, varying z. We 
used fixed 𝜇=2 GeV for this first study

W3

H5

Statistical consistent across 
different hadrons, is a good sign!

Different linear divergences for different 
smearing amounts is expected

WG, Yao, Lin, arXiv:2505.13321v2 (2025)
This is in strong contrast to the fits for the other 
operators in our previous study, which seem to 
have some hadron dependent contaminations 
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Renormalized Nucleon Gluon Matrix Elements
● Using the                , we can renormalize the matrix elements (MEs), and also 

compare against “phenomenological matrix elements” obtained by matching 
the CT18 gluon PDF to the quasi-PDF and transforming to position space: 
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compare against “phenomenological matrix elements” obtained by matching 
the CT18 gluon PDF to the quasi-PDF and transforming to position space: 
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Reasonable consistency between the larger momentum lattice MEs 
and the pheno! Not concerned about low momentum MEs
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Light Nucleon MEs Are Similar, Just a Bit Noisier
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Long Distance Extrapolation
● We picked the Pz = 1.71 GeV matrix elements to fit the extrapolations 

because they had the best signal across the 4 sets of data

● We use a physically motivated extrapolation form to fit the data at long 
intermediate distances

● Here, I show the extrapolation for 
W3 at the heavier pion mass as a 
best case

● The extrapolation fits the data 
fairly well and provides long 
distance matrix elements with 
much smaller error than the lattice 
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Extrapolation on Other Data Sets

● The extrapolation works 
reasonably well on all 4 
data sets, though the 
strange nucleon HYP5 has 
converges more slowly 
than the rest

● There may be some 
systematic effects from the 
fit ranges, which should be 
explored and controlled 
furtherstudy
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● We perform the Fourier transform to obtain the quasi-PDF

● We find that the quasi-PDF 
has some negative region, 
but it is almost completely 
washed out by matching
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Light-Cone PDFs
● We compare the PDFs across the 4 data sets, and compare the two HYP5 

results against phenomenological PDFs
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● We compare the PDFs across the 4 data sets, and compare the two HYP5 

results against phenomenological PDFs

The W3 PDFs are more negative, 
suggesting that the smearing is 
affecting the physics at this level

The HYP5 PDFs are most consistent with 
the CT18 PDF, and only a standard 
deviation or two from the other PDFs
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Outlook and Conclusion

● We have obtained the first gluon PDFs from LaMET at a heavier than physical 
pion mass and a somewhat coarse lattice spacing

● We find currently that smearing has some effect on the physics, which will 
need to be explored in more detail

● We still need to understand lattice spacing effects, along with eventual 
handling of perturbative uncertainties with leading renormalon resummation 
and renormalization group resummation

● Reducing statistical uncertainties is still a major challenge, as well

● Alex will show her results for a similar study with various lattice spacings with 
better control of discretization effects using self-renormalization
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Backup Slides



● We checked how the interpolation affects the                 fit, and we see 
convergence by order cubic interpolation

                 Interpolation Order Dependence
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Extrapolation Fit Range Dependence (1)

● The errors on the extrapolation are quite sensitive to the fit range, while the 
central values are statistically indistinguishable

● Here we pick a very short range vs a much longer range for the extrapolations
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Extrapolation Fit Range Dependence

● These errors do have noticeable effects on the final PDF, as well

● We think this could be a significant source of systematic uncertainty at the 
current level of statistics, so in the 
future, we would like to consider 
model averaging or some more 
sophisticated method to do the 
Extrapolations

● Currently, we just use an 
intermediate fit range

     W3


