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Motivation for Heavy Quark Physics

Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties

• Precisely testing standard model • Indirect search for new physics

• Study on CP violation
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Heavy Meson LCDA in the Precision Calculation
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Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties

JHEP 06 (2014) 133

Ø FCNC processes 𝐵 → 𝐾∗ℓℓ

• Uncertainties of inverse moment;

• Model-dependence of heavy meson LCDA.

Dominant systematic uncertainties:
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Model Parametrization of the Heavy Meson LCDA

Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties
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Gao, Lu, Shen, Wang, Wei, PRD 101 (2020) 074035Ø Models for B meson HQET LCDA:

• Uncertainties of inverse moment;

• Model-dependence of heavy meson LCDA.

Dominant systematic uncertainties:
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A Preliminary Study

Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties

首次成功的格点QCD尝试
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• Boosted HQET

• Integrate out mQ

• HQET LCDA

• Quasi-DA

• LQCD calculable

• Λ"#$ ≪ 𝑚% ≪ 𝑃&Λ!"#

𝑚$

𝑃%

Λ!"#

𝑚$

• LaMET

• Integrate out 𝑃&

• QCD LCDA Λ!"#

LPC, Phys.Rev.D 111 (2025), L111503; PRD111 (2025), 034503 Heavy Quark LaMET

Toward the First-Principle Calculation of Heavy Meson LCDAs
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Toward the First-Principle Calculation of Heavy Meson LCDAs

Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties

Before 2025 LQCD result, 2025

• Only models • LQCD, but still preliminary
LPC, Phys.Rev.D 111 (2025), L111503; PRD111 (2025), 034503 
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Toward the Precision Calculation of Heavy Meson LCDAs

Λ"#$'

𝑦𝑃& '~
0.4'

4𝑦 ' < 1%

𝑚(
'

𝑃& '~
2'

4'
≃ 25%

Λ"#$
𝑚(

~
0.4
2 ≃ 20%

• Only single lattice spacing   ⇒ Continuum limit

• Unphysical mass      ⇒ Chiral extrapolation

• Leading power         ⇒ Power corrections?

LQCD result, 2025

LPC, Phys.Rev.D 111 (2025), L111503; PRD111 (2025), 034503 

LaMET:

bHQET:

👈
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Recap: LaMET vs. Lattice OPE

Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties

• In the lattice OPE calculation of heavy meson LCDAs, the largest scale is 𝑚%

• But only the lowest moments can be accessed

• The power correction 𝒪(𝑚(
'/ 𝑃& ') can be benchmarked by the OPE moments
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Precision Calculation of Heavy Meson LCDAs

Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties

ü Multi lattice spacings: Continuum extrapolation.

ü Multi pion masses: Chiral extrapolation.

ü Large statistic.

ü LaMET + Lattice OPE for QCD LCDA.

~ 100K !
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QCD LCDA of D Meson from LaMET

Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties

Ø Full distribution of D meson QCD LCDA from LaMET:

𝜙
(
𝑥,
𝜇
=
𝑚
(

• Peak region: 𝑦 ~ 𝒪(Λ!"#/𝑚$)

• Tail region: 𝑦 ~ 𝒪(1)

• End-point region: 𝑦𝑃% ≾ Λ!"# ∪ 𝑃% ≾ 𝑚&

• Gegenbauer moments can be 

extracted from the full distribution
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Benchmark the Full Distributions from moments

Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties

Ø Gegenbauer moments a1 and a2 from LaMET and Lattice OPE:

LaMET

OPE
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Prediction for the HQET LCDA

Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties

From LQCD

From perturbation 
Theory

Beneke, Finauri, Vos, Wei, JHEP 09, 066 (2023)
Lee, Neubert, PRD 72, 094028 (2005)

Full distribution is still 
not accessible!
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Prediction for the HQET LCDA

Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties

• Rebuild the full distribution of the HQET LCDA from a model-independent parametrization:
Feldmann, Lughausen, Dyk, JHEP10, 162 (2020)

• Agree well with the data.

• With full distributions, further 

phenomenological discussions 

can be preformed.
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Inverse and inverse-logarithmic moments

Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties

PRD111 (2025), 034503 

PRD98 (2018), 112016

PRD101 (2020), 074035

PRD69 (2004), 034014

JHEP10 (2020), 043

PRD72 (2005), 094028

PRD55 (1997), 272290

PLB848 (2024), 138345
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B→K* Form Factors in LCSR with Updated Inverse Moments

Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties

• In PRD101 (2020), 074035: (orange band)

• With our updated 𝜆): (purple band)

We thank Yu-Ming Wang for his code to calculate the B → V 
form factors in LCSRs, PRD 101 (2020) 074035
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𝑾 → 𝑫𝜸 and 𝑾 → 𝑩𝜸 rare decays with updated QCD LCDA

Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties

• Evolute to the B meson QCD LCDA with the 𝒎𝑸-RGE of heavy meson LCDAs:

Wang, Xu, QAZ, Zhao, arXiv:2411.07101 [hep-ph]

• Rare radiative decay branching ratios of 𝑊 → 𝐷𝛾:

• Branching ratios of 𝑊 → 𝐵𝛾:

Beneke, Finauri, Vos, Wei, JHEP 09, 066 (2023)
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Summary and Outlook

Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties

• Based on HQLaMET framework, we present 

a precise calculation of HQET LCDAs.

• Precise lattice calculations will deliver essential nonperturbative inputs for precision 

heavy quark phenomenology.

• Continuum limit ✔, physical-mass✔

• Power corrections 🕓

Thanks for your attention

The factorization formula for heavy meson 

LCDAs has been established. Preliminary lattice 

QCD results are now available, awaiting for 

more systematic lattice QCD investigations.

2025, 南京, 第七届重味物理和QCD研讨会 2026, 重庆, 第八届重味物理和QCD研讨会


