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About LCDA

3

𝛾𝛾

𝛾𝛾∗
𝜋𝜋0𝛾𝛾𝛾𝛾∗ → 𝜋𝜋

𝐵𝐵 𝜋𝜋−

𝜋𝜋+

�𝑢𝑢

𝑑𝑑𝑑𝑑

𝑠̅𝑠
𝑊𝑊+

g

𝐵𝐵 → 𝜋𝜋+𝜋𝜋−

• Richer QCD dynamical information and most important input during describing 

Exclusive scattering — LCDAs
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About LCDA
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• Among these, the LCDAs serve as a key theoretical cornerstone for investigating CP violation
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LCDAs of Meson & Baryon: dynamical progress  
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LQCD for LCDAs OPE VS LaMET

Why it fails ? (in baryon system)LQCD is formulated as a Feynman path integral on a 4D Euclidean grid,

with a Wick rotation from real time to imaginary time. 

Large Boost

• OPE ~  in local limit:              → moments of DA

𝝅𝝅 LCDA:

• LaMET ~  in large 𝑃𝑃𝑧𝑧 limit:    → shape of DA
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• 𝜋𝜋,𝐾𝐾 LCDA  𝑎𝑎 → 0

R.Zhang, H.W.Lin et.al. PRD 102,094519

• 𝐾𝐾∗,𝜙𝜙;  𝜋𝜋,𝐾𝐾 LCDA  𝑎𝑎 → 0, m𝜋𝜋 → 130MeV

(LPC) PRL 127 062002(2021); PRL 129 132001(2022)

• Hybrid and Self renormalization 

(LPC) NPB 964 115311(2021); NPB 969 115443(2021)…

• RGR resummation & Renormalon resummation (LRR)

Y.S.Su et.al. NPB 993 116282(2023)

• Threshold resummation

Y.S.Su et.al. JHEP 03 045(2025)

• Two loop matching

F.Yao et.al. arXiv:2504.09367; PRD 113 014505(2026)

• Heavy Meson DA (HQ-LaMET)

(LPC) PRD L111503, 111 034503; 2604.25802,2605.10946

From Meson LCDA
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Meson LCDAs by LaMET:  (2021~ …)

• Not physical 𝜋𝜋 mass,  RI/MOM scheme,   
𝜆𝜆 truncation  

• Physical 𝜋𝜋 mass with 𝑎𝑎 → 0

• Hybrid scheme, Self renormazaliton

• Towards high precision 

• Not yet done with lattice results

• A new frame work including 2-step matching

• High precision is challenge



• Kinematically-enhance

PRD 112 L051502(2025), arXiv: 2606.02447

• Precision check for meson LCDA

… JHW et.al.

• Large 𝜆𝜆 Extrapolation 

PRD 113 014509(2026), arXiv: 2601.12189

• CLQCD ensembles & Pyquda

CLQCD PRD 109(2024) , arXiv: 2411.08461… 

• … Gradient flow

JHEP 06 210 (2024), PRD 112 094504(2025)…

Lattice Advances:  (2021 ~ …)

Signal Improve

 Precision !
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From Meson LCDA
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Self renorm & Renormalon resum JH et.al. NPB 993 116282(2023), XDJ et.al. JHEP 03 045(2025)

LRR+RGR

Linear divergence Multi-a, extract linear-div Match with perturbative 𝑀𝑀𝑀𝑀

• Extract from multi lattice spacings of zero momentum matrix   

• Extract from matching with perturbative 𝑀𝑀𝑀𝑀 quasi 

Renormalon ambiguity occurs 

A LRR guarantee a more comprehensive 
self renormalization 
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NNLO corrections: YJ, FY & JHZ arXiv:2504.09367  

Coordinate space: Momentum space: Matching kernel

A high precision matching
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0.303(29)
LaMET LPC 

(2022)

(2022)

Moments tension: Why higher precision for light meson LCDA 

PRL 129,132001 (2022)

• High precision under going in LaMET

• Moments tension between LaMET &OPE remain
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Benchmark moments & LaMET (LPC) arXiv:26XXX 

LPC (2026)

LPC (2026)

LPC (2026)

 Benchmark of Local Moments on CLS & MILC ensembles  Benchmark of Local Moments and Quasi-DAs

Moments (slope) extracted from LCDAs calculated by LaMET
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• Previous 

All results based on models …

• Lattice QCD with OPE

QCDSF, 2008, 2009; RQCD, 2016, 2019(2025) ……

• Lattice QCD with LaMET

LPC, 2024,2025; ……

Light Baryon LCDAs:  (on lattice ~ …)

PRD 111 034510, PRD 112 114515

Light Baryon LCDA

13Jun Hua       Recent Progress of LCDAs on Lattice with LaMET



• From effective Wilson length → Signal to Noise Ratio

• Signal to Noise Ratio * 8 -> Statistics * 64

• Totally 64*10*2
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• Dynamic enhance: SNR 200% improve (eff 400%) !

• Coding in Pyquda:   Computing efficiency 800% ! 

𝑧𝑧1

𝑧𝑧2
Challenge from light meson LCDA to light baryon LCDA

Light Baryon LCDA

✕ 𝑃𝑃𝑧𝑧

(1 − 𝑥𝑥1−𝑥𝑥2)𝑃𝑃𝑧𝑧ℎ

𝑥𝑥1𝑃𝑃𝑧𝑧𝑓𝑓

𝑥𝑥2𝑃𝑃𝑧𝑧𝑔𝑔
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Light Baryon LCDA

CLQCD Ensembles —— fully exploiting available

（CLQCD）PRD 109 054507（2024）
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Hybrid renormalization —— Done 

Light Baryon LCDA

（LPC） PRD 112 114515（2025）
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New λ-Extrapolation —— Done 

Light Baryon LCDA

Asymptotic Long-Distance Expansion of Euclidean 
Correlators in Lattice Parton Applications

X. Ji, Y. Liu, Y. Su, arXiv:2601.12189
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Numerical Results

Light Baryon LCDA

(LPC) arXiv:2606.xxxx, 2606.xxxx 
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Light Meson Map —— LaMET

• Leading twist almost 
done (OPE & LaMET)

• Leading twist moments 
in Plan/Process

• Second moment done 
in OPE
(LaMET under going)
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Light Baryon Map —— LaMET

• Leading twist almost 
done (OPE & LaMET)

• Leading twist LaMET
in Plan/Process

• First moment done in 
OPE
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Summary & Outlook
1 LQCD observables
equal-time quasi-DAs
local moments for checks

2 EFT bridge
LaMET / HQLaMET
renorm + matching

3 LCDA outputs
light meson 1D / baryon 2D
heavy-meson HQET

4 Physics use
exclusive processes
flavor and CP observables

Light mesons
precision benchmark stage
• direct x-dependent pseudoscalar/vector 

LCDAs
• hybrid/self renorm + RGR/LRR/threshold 

resum.
• NNLO matching + OPE-LaMET moment 

benchmark

Light baryons
direct 2D LCDA stage
• beyond moments/models: x1-x2 VAT 

distributions
• SNR enhancement + PyQUDA + CLQCD 

ensembles
• hybrid renorm + large-𝜆𝜆 extrapolation

Heavy mesons
HQLaMET / two-step matching
• QCD quasi-DA -> QCD LCDA -> HQET 

LCDA
• dynamic heavy quark; avoid direct static-

HQET Euclidean operator
• continuum-limit B/HQET LCDA for heavy-

flavor decays

Outlook
Precision
multi-a/m_pi/Pz data; higher-order 
matching; stable tails/endpoints

Wider LCDA map
light mesons, baryon octet, heavy 
mesons and shape functions

Phenomenology
exclusive form factors; B-decay 
uncertainties; flavor/CP tests

21

Long-term goal:  From individual LCDAs to a systematic first-principles LCDA atlas
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Back Up

Physical point problem within RQCD

Pion mass extrapolation for 𝝅𝝅(𝝃𝝃𝟏𝟏) :
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