
Towards High-Precision Lattice QCD 
Calculations of Heavy Meson LCDAs

Apr 21, 2025  1

🗣 Xue-Ying Han 🏫 Institute of High Energy Physics

In collaboration with Haofei Gao, Wei Wang, Qi-An Zhang, et al. 

Based on arXiv: 25xx.xxxxx & arXiv: 2403.17492,  
& Phys.Rev.D 111 (2025) 3, 034503

https://arxiv.org/abs/2403.17492
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.034503


Outline

Motivation

Theoretical framework

Sequential effective theory

Discussion of renormalization

Lattice simulation

Summary and prospect

2



🤔 Motivation
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[Gao, Lu, Shen, Wang, Wei, 2020; Cui, Huang, Shen, Wang, 2023]

[Beneke, Buchalla, Neubert, Sachrajda, 1999]

Inverse moment and log moment

Model dependence

Factorization



🤔 Model dependence of heavy meson LCDAs
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[Gao, Lu, Shen, Wang, Wei, 2020; Cui, Huang, Shen, Wang, 2023]

Model dependence
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Models of leading twist heavy meson LCDAs



🤔 First-principle determination
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Leading twist heavy meson LCDAs

[Braun, Ivanov, Korchemsky, 2004]

Diverge at t→0!

t ≡ z ⋅ v

•Diverge at t→0 ⟺ No local limit

•Non-negative moments   for 

n=0,1,2,… are not related to OPE

•Cannot obtain  from lattice QCD 
through moments.

∫ dk knφ+(k)

φ+
B

‣ How to solve the problem?

🤔 Off light-cone Wilson line, still heavy quark field ;hv

🤔 No  ⇒ QCD heavy quark.hv

[Wang², Xu, Zhao, 2020; Xu, Zhang, 2022; 
Hu, Wang, Xu, Zhao, 2024]

[Han, Wang, Zhang, et.al, 2403.17492; 
Han, Wang, Zhang, Zhang, 2408.13486; 
Deng, Wang, Wei, Zeng, 2409.00632]



💡 Sequential effective theory
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LaMET bHQET

[Han, Hua, Ji, Lü, et al., 2024; Han, Hua, Ji, Lü, et al., 2025]
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👩💻 Lattice Setup
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⬅ Previous work ➡ Towards precision calculation

Action Tadpole improved Wilson clover fermion action

Improvement — HYP smear for Wilson line;

Multi-source enhancement

Lattice spacing a=0.05187fm a=0.0775fm, 0.06826fm, 
0.05187fm

NPR Simplified hybrid scheme Hybrid scheme based on self-
renormalization

Pz 
extrapolation — Infinite momentum extrapolation

Statistics ~5k 60k~100k

 arXiv: 2403.17492

Phys.Rev.D 111 (2025) 3, 034503

arXiv: 25xx.xxxxx
Ensembles we use

https://arxiv.org/abs/2403.17492
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.034503


💡 NPR of nonlocal operators
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Linear divergence + …

Log divergence

[ψ̄(z) ΓW(z,0) ψ(0)]B
= eδm|z|Z(a)[ψ̄(z) ΓW(z,0) ψ(0)]R



💡 NPR of nonlocal operators
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Linear divergence + …

Log divergence

[ψ̄(z) ΓW(z,0) ψ(0)]B
= eδm|z|Z(a)[ψ̄(z) ΓW(z,0) ψ(0)]R

RI/MOM scheme Ratio scheme Self-renormalization

Short 
distance Local Well —

Large 
distance

Non-perturbative effects;

IR logarithms of z Invalid OPE Cancel the linear divergence 

and discretization effect



💡 NPR of nonlocal operators
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Linear divergence + …

Log divergence

[ψ̄(z) ΓW(z,0) ψ(0)]B
= eδm|z|Z(a)[ψ̄(z) ΓW(z,0) ψ(0)]R

⬅ v1 ⬅ v2 ➡ Current work

Data Very limited Limited Relatively sufficient

Short distance Ratio scheme Ratio scheme Ratio scheme

Large distance Ratio scheme RGR+LRR Self renormalization

 arXiv: 2403.17492 Phys.Rev.D 111 (2025) 3, 034503

https://arxiv.org/abs/2403.17492
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.034503


👩💻 Extraction of renormalization factor
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Bare matrix element

Pz = 0

Hypercubic smearing improved the SNR

Preliminary

[Hua, Su, Gui, et al. 2021]



👩💻 Extraction of renormalization factor
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Renormalized matrix element

Pz = 0

Hypercubic smearing has only a 
minor impact on renormalization.

Preliminary

Preliminary



👩💻 Renormalized matrix elements
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Obtain a more precise results at large  

Multi lattice spacings to perform the continuum extrapolation

λ

⬅ Previous work ➡ Towards precision calculation

0 5 10

λ = zPz λ = zPz

Preliminary



Matching for previous results
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Quasi DA & QCD LCDA QCD LCDA & HQET LCDA ( )ω ∼ ΛQCD
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LaMET matching bHQET matching

[Han, Hua, Ji, Lü, et al., 2024; Han, Hua, Ji, Lü, et al., 2025]

[Liu, Wang, Xu, Zhang, Zhao, 2019] [Beneke, Finauri, Vos, Wei, 2023; Ishaq, Jia, et al. 2019]



Matching for previous results
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HQET LCDA

Combine with  regionω ≫ ΛQCD

[Lee, Neubert, 2005]



Inverse moments
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 and  at λB σ(1)
B μ = 1GeV



🚀 Summary and prospect
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✅ What we achieved:

First-principle strategy for heavy 
meson LCDA
Hybrid renormalization:

Short-distance: ratio scheme 
(robust and clean)
Long-distance: self-
renormalization (non-
perturbative, removes linear 
divergence & discretization 
effects)

Better StN ratio at large  via 
smearing & statistics

z

🌱 What’s next:
Continuum extrapolation & large 

 extrapolation; 
A more reliable extraction of HQET 
LCDA
Extract , 
Apply to higher-twist & B meson.

Pz

λB σ(1)
B

Thank you!


