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OUTLINE

▪ Motivation; why study GPDs?

▪ Short summary of Large-Momentum Effective 
Theory (LaMET).

▪ Threshold Resummation (TR).

▪ Results.

▪ Conclusion.
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MOTIVATION

▪ Generalized Parton Distributions (GPDs) paint a 3D picture of the nucleon.

▪ Describe the distribution of longitudinal momentum in transverse impact-
parameter space.

▪ 𝑥-dependent GPDs at skewness 𝜉 are divided into two regions: DGLAP ( 𝑥 > 𝜉) 
and ERBL ( 𝑥 < 𝜉).
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MOTIVATION

▪ GPDs can be studied 
experimentally through 
the processes of deeply-
virtual Compton scattering 
(DVCS)1 and deeply-
virtual meson production 
(DVMP)2.

▪ Experiments have limited 
access to GPD data but can 
be supplemented by 
lattice calculations.
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LAMET1

5

Lightcone Matrix elementQuasi matrix element

Lorentz boost

Λ(∞)

• Lightcone quantities are 

inaccessible on the 

Euclidean lattice due to 

their real-time dependence.

• Large-momentum effective 

theory (LaMET) studies 

equal-time, spatially 

separated correlators 

boosted to large-

momentum.
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THE LAMET CALCULATION
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THE LAMET CALCULATION
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This is where the threshold 

resummation is applied
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MULTISCALE NATURE

▪ The relevant pieces of the one-loop matching kernel are1
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“Threshold logs” 

“Momentum logs”

The plus-prescription regulates the singularity at 𝑥 = 𝑦: 𝑓 𝑥, 𝑦 +
𝐷 = 𝑓 𝑥, 𝑦 − 𝛿 𝑥 − 𝑦 ׬

𝐷
𝑑𝑤 𝑓(𝑤, 𝑦)

Real Virtual
1Yao, Ji, Zhang, JHEP 11 (2023) 021



MOMENTUM LOGS

▪ The momentum logs are prevented from diverging by their prefactor |𝜉 ± 𝑥|. The 
real part is simple1.

lim
𝑥→∓𝜉
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ln

4 𝜉 ± 𝑥 2𝑃𝑧
2

𝜇2
− 1 = 0

▪ The virtual term requires more work but does vanish provided the substitution 𝑥 =
∓ 𝜉 is evaluated before the integral.
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THRESHOLD LOGS

▪ However, the whole situation changes in the threshold limit 𝑥 → 𝑦:

𝒞 𝑥 → 𝑦, 𝜉,
𝑃𝑧
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The suppression factor disappears in the threshold limit1!

1JH, Lin, Zhang, Zhao, JHEP 207 (2025) 241



THRESHOLD LOGS IN DEPTH

▪ Consider the matching process carried out over the narrow window [𝑥 − 𝜂, 𝑥 + 𝜂]

ΔF 𝜖 = 𝑥 − 𝜉, 𝜂 = න
𝑥−𝜂

𝑥+𝜂

𝑑𝑦
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▪ Isolating the piece nearest the threshold 𝜂′ ≳ 𝑚𝜖, we find.

න
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𝑑𝜂′
ln𝑛 𝜂′ + 𝜖 2 + ln𝑛 𝜂′ − 𝜖 2
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𝑛 + 1

▪ This confirms that a genuine large logarithm survives – only one of several terms 
scaling this way - which justifies our resummation in a narrow window around 𝑥 = 𝜉.
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FACTORIZATION

▪ In the threshold limit, the matching kernel factorizes into a Sudakov factor, 𝐻, and a 
jet function, 𝐽1,2.

𝒞 𝑥 → 𝑦, 𝜉,
𝑃𝑧

𝜇
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▪ 𝐽 𝑙𝑧 = ln
𝑧2𝜇2𝑒2𝛾𝐸

4
, 𝜇 = 1 +
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2 + 𝑙𝑧 +
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12
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▪ Thus, the resummed matching kernel is
𝒞𝑇𝑅 = 𝐻 ⊗ 𝐽 𝑇𝑅 ⊗ 𝐻 ⊗ 𝐽 𝑁𝐿𝑂

−1 ⊗ 𝒞𝑁𝐿𝑂
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LATTICE SETUP

▪ Lattice configurations from MILC1,2,3.

▪ 𝑁𝑓 = 2 + 1 + 1 clover valence fermions.

▪ Pion mass 𝑚𝜋 ≈ 130 MeV.

▪ Lattice spacing 𝑎 = 0.09 fm. Box width 𝐿 = 64𝑎 = 5.76 fm.

▪ 1960 configurations × 256 measurements per configuration = 501,760 
measurements.

▪ Skewness values 𝜉 = 0.1 and 𝜉 = 0.3 with momentum transfers 𝑄2 = 0.23 and 
0.43 𝐺𝑒𝑉2, respectively.
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MATRIX ELEMENTS TO 
QGPD
▪ Matrix elements are renormalized in the hybrid-ratio 

scheme1 with large-distance extrapolation. 

▪ Fourier transforming converts from coordinate- to 
momentum-space.

▪ Figure: Renormalized matrix elements for 𝜉 = 0.3, 𝑄2 =
0.43 GeV2 as a function of 𝜆 = 𝑧𝑃𝑧.  Top (bottom) is 𝐻 
(𝐸) function. 

▪ Renormalization and matching for real (red) and 
imaginary (blue) parts at 𝑁𝐿𝑂 + 𝐿𝑅𝑅 × 𝑅𝐺𝑅2,3.
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RESULTS. 
𝜉 = 0.3

▪ 𝑥-dependent (quasi-)GPDs at 𝜉 = 0.3. Left (right) is 𝐻 (𝐸). 

▪ Quasi-GPD (black), fixed order matching (green), threshold 
resummation (blue), simple interpolation where LaMET breaks 
down (red).

▪ Mild effect in DGLAP region ( 𝑥 > 𝜉), significant effect in ERBL 
region (|𝑥| < 𝜉). 
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RESULTS. 
𝜉 = 0.1

▪ 𝑥-dependent (quasi-)GPDs at 𝜉 = 0.1. Left (right) is 𝐻 (𝐸). 

▪ Quasi-GPD (black), fixed order matching (green), threshold 
resummation (blue) , simple interpolation where LaMET breaks 
down (red).

▪ Mild effect in DGLAP region ( 𝑥 > 𝜉), significant effect in ERBL 
region (|𝑥| < 𝜉). Effects reduced compared to 𝜉 = 0.3.
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CONCLUSION

▪ We have made the first application of threshold resummation to real 𝑥-dependent 
GPD data computed on the Euclidean lattice.

▪ Revisited the log structure near 𝑥 = ±𝜉: the log vanishes pointwise at threshold, but 
a genuine logarithm survives once convolved against a smooth GPD — confirming 
resummation is needed in a narrow threshold window.

▪ Small effects in DGLAP regions. Significant effect in ERBL region. 

▪ Effect is even greater with increasing 𝜉.
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BACKUP SLIDES
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