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e Gluon correlators are notoriously challenging in lattice QCD because they
come only from noisy disconnected diagrams r | :

e This limits the long distance signal important for |
LaMET extractions of gluon PDFs N(P,

e Most of the PDF extractions used the pseudo- &
PDF method:
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Large Momentum Effective Theory

Ji, PRL 110:262002 (2013).
Ji, Sci. China Phys. Mech.
Astron. 57:1407 (2014).
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. Ji, PRL 110:262002 (2013). “t
Large Momentum Effective Theory ez | o o
e The gluon PDF can be formally defined by the Fourier \:1‘\ '
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Ji, PRL 110:262002 (2013).

The gluon PDF can be formally defined by the Fourier

transform (FT) of gluon correlations along the light-cone
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Instead, we measure Euclidean correlators in large
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momentum states, renormalize, Fourier transform, and match to the light-cone

The gluon PDF has some freedom of operator choice. Until this work, these
were the only two operators which had perturbative details for hybrid

renormalization described explicitly in the literature:

OW(z) = F*(2)W (2,0)F%(0)| 0P (2) = F*(2)W (z,0)F%(0)

Zhang, et al., PRL 121:142001 (2019)
Wang, et al. PRD 100:074509 (2019)
Yao, et al. JHEP 11(2023)021
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e Previous pseudo-PDF studies have used this operator, which has better signal

0B (2) = F¥(2)W (z,0)F%(0) — F¥(2)W(z,0)F;;(0)

Balitsky, et al., PLB 808:135621 (2020)

3/15



(Almost) First GLuon PDF from LaMET

4/15



(Almost) First Gluon PDF from LaMET LaMET 2024

Last year, we attempted the first gluon
PDF from LaMET, but the first two
operators provided very poor signal

(7 p)

Light Nucleon Results for Hybrid-Renormalization

2000M(2)
15 { - j
1.0 * :i
- H . P,=0.427 GeV %
: by . P;=0.855 GeV
o + - . P;=128 GeV.
. P,=1.71GeV
_os| I ‘ .« P;=2.14 GeV .
0 i 2 3 4 0 2 4 6 8
2. = 0.24 fm
N, W3 Even worse decay and divergences

24

4/15




(Almost) First Gluon PDF from LaMET

Last year, we attempted the first gluon
PDF from LaMET, but the first two
operators provided very poor signal

On the other hand, the 3rd operator
provided very good signal, but we had to
make a guess on the renormalization:

LaMET 2024

Light Nucleon Results for Hybrid-Renormalization

2000M(2)

{

0 1

Even worse decay and divergences

6 8
= ().24|f17ﬁ

4/15




(Almost) First Gluon PDF from LaMET

Last year, we attempted the first gluon
PDF from LaMET, but the first two
operators provided very poor signal

On the other hand, the 3rd operator
provided very good signal, but we had to

make a guess on the renormalization:

] B - PZETTTGeV |
: —: Large-v Fit

1.0*0.'5

0.8f

AR5 (v, P,)
o
»

0.4
0.2
0.0
0 15 20

WG, et al. JPG 52:035105(3) (2025)

LaMET 2024

Light Nucleon Results for Hybrid-Renormalization

2000M(2) 20
15 { B
1.
- H . P,=0.427 GeV
- . P,=0.855 GeV
0.0 - P;=1.28 GoV
. P,=1.71GeV
05 . P2=2.14 GeV ;
0 i 3 4 0 2 4 6 8
2. = 0.24 fm
N, W3 Even worse decay and divergences |

24

4/15




(Almost) First Gluon PDF from LaMET LaMET 2024

e Last year, we attempted the first gluon Light Nucleon Results for Hybrid-Renormalization
PDF from LaMET, but the first two 2 z= :
operators provided very poor signal ML =
Ef: ;:5 ) i ) . P,=0.427 GeV
e On the other hand, the 3rd operator R S— T _
provided very good signal, but we had to L e T S e w—
make a guess on the renormalization: 6 [Nows ] e wmesaamaegee ||
- ' ' . Pz=171GeV | | | | |
—: Large-v Fit
1.0 & o & & \\,xf’
z % 8 Quasi-PDF
5’06 E
% 0.4F f
0.2r =
0.0 H\
0 520 00 02 04 06 08 10

WG, et al. JPG 52:035105(3) (2025) 4/15



Some Help From an Expert

5/15



Some Help From an Expert

e \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!

5/15



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!

Balitsky, et al., PLB 808:135621 (2020)

We took the information from the pseudo-PDF matching paper for 0®)(z)
to derive the Wilson coefficient and momentum space matching

5/15



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!

Balitsky, et al., PLB 808:135621 (2020)

We took the information from the pseudo-PDF matching paper for 0®)(z)
to derive the Wilson coefficient and momentum space matching

s Ca 5 22 ple®E 3
= | -1 —
Hem=1+ 4, (6 n( 1)

5/15



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!

Balitsky, et al., PLB 808:135621 (2020)

We took the information from the pseudo-PDF matching paper for 0®)(z)
to derive the Wilson coefficient and momentum space matching

B s Ca 5 22 ple®E 3
Hzop) =1+ — <6ln( i s

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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~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 (HYPS5) and Wilson flow with time t=3a? (W3)

We look at the “strange” nucleon (1V,), light
nucleon (Vj), strange pion (7)), and the light
pion (.r) for renormalization and focus on the

nucleons for the final results 615
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Hyb ri d - Rati O SChe me Ji, et al. Nucl. Phys. B. 964:115311 (2021)

The hybrid-ratio scheme is a renormalization scheme which handles the linear
divergence from the Wilson line self energy at long distances

We renormalize the quasi-PDF matrix elements as:
hB(0,0) hB(z,P,)
hR(Z,Pz) __ J) hB(0,P;) h3(2,0)

hB(O,O) hB(z’Pz) dm+mo)(z—zs
hB(O,Pz) hB(zs,O) X e( + O)( )

5= B

2 = By

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

dm + mg can be fit by matching to the Wilson coefficients for the given

operator:
P H(z, 1)
h"(2,0)

(6m + mg)z + Iy = In [
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om + mg Fit Results

e Due to the coarse lattice spacing, we interpolate the data in the small-z range.
We do this, then fit to three points {z-0.02 fm, z, z +0.02 fm}, varying z. We
used fixed u=2 GeV for this first study
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Renormalized Nucleon Gluon Matrix Elements

Using the dm + mg, 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:

WG, Yao, Lin, arXiv:2505.13321v2 (2025)
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Light Nucleon MEs Are Similar, Just a Bit Noisier

WG, Yao, Lin, arXiv:2505.13321v2 (2025)
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Long Distance Extrapolation

e We picked the P, =1.71 GeV matrix elements to fit the extrapolations
because they had the best signal across the 4 sets of data
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Extrapolation on Other Data Sets

The extrapolation works
reasonably well on all 4
data sets,
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Extrapolation on Other Data Sets

The extrapolation works
reasonably well on all 4
data sets, though the

strange nucleon HYPS has

converges more slowly
than the rest
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e We perform the Fourier transform to obtain the quasi-PDF
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Quasi-PDF and Light Cone Matching

e We perform the Fourier transform to obtain the quasi-PDF, then perform
light-cone matching to get the PDF, ignoring mixing
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e \We have obtained the first gluon PDFs from LaMET at a heavier than physical
pion mass and a somewhat coarse lattice spacing

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

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

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

e 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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om + my Interpolation Order Dependence

e We checked how the interpolation affects the dm + mq fit, and we see
convergence by order cubic interpolation
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Extrapolation Fit Range Dependence (1)

e The errors on the extrapolation are quite sensitive to the fit range, while the
central values are statistically indistinguishable
e Here we pick a very short range vs a much longer range for the extrapolations
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Extrapolation Fit Range Dependence

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

e \We think this could be a significant source of systematic uncertainty at the

current level of statistics, so inthe | 10—
future, we would like to consider
model averaging or some more
sophisticated method to do the
Extrapolations

— z€[9a,163]
— ze€[6a,10a]

AQC D

e Currently, we just use an 0.2}
intermediate fit range




