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Heavy hadron decays: a multi-scale problem
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Overview of power corrections in exclusive B decays
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𝐵 → 𝛾ℓ𝜈: higher twist, Heavy quark expansion, hadronic photon…

𝐵௤ → 𝛾𝛾: higher twist, Heavy quark expansion, hadronic photon…

Annihilation diagrams in nonleptonic B decays

Long distance quark loop in FCNC semileptonic decays

Heavy-to-light form factors from light-cone sum rules
Cui, Huang, YLS, Wang, Wang, JHEP 03 (2023) 140, Gao, Meißner, YLS, Li, PRD 112 (2025) 1, 1

Gao, Huber, Ji, Wang, Wang, Wei, JHEP 05 (2022) 024, Cui, Huang, Wang, Zhao, Phys.Rev.D 108 (2023) 7, 071504

A. Khodjamirian etc., 1006.4945, N. Gubernari etc., 2011.09813

YLS etc., 2009.02723, Qin etc. PRL. 131 (2023) 9, 091902, Beneke et al 2008.12494; Li et al, 2205.05528

Lü,YLS,Wang,Wang,NPB990(2023)116175, Stillger, PHD Thesis, DOI: 10.25358/openscience-11523

Beneke et al, 1804,14962; Cui et al, 2023.16436

Power correction to HQET B meson decay constant: see Yan-Bing Wei’s talk

……



QCD factorization in B meson decays

2026/4/27 第八届重味物理与QCD研讨会 4

Integrate out b-mass: 
hard function

Integrate out hard-
collinear propagator: 
jet function

𝐵௤ → 𝛾𝛾

 Factorization formula @ leading power
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 Example

 Power corrections: HQE, higher twist…

Soft dynamics

YLS, Wang Wei, 2009.02723



Distribution amplitudes of B meson
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• The definition of leading twist B meson DA
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• The Evolution: Lange-Neubert equation
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• The evolution equation at two loops:  Braun, Ji, Manashov, 2019

• Solution to the LN equation: dual space: Bell, Feldmann, YMW, Yip, 2013:

• Solution to the evolution equation @ two loop level: Galda, Neubert, 2020 

• Modelling the B meson LCDA: Grozin, Nuebert, 1997; KKQT, 2001; Braun etc. 2003

Lange, Nuebert, 2003

• Lattice simulation via LaMET: see Qi-An Zhang’s talk 



Higher twist
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• Two-particle LCDAs:  Braun, Ji, Manashov, 2017

• Three-particle LCDAs:

• Evolution at large Nc limit 

• Twist  expansion is not equivalent to power expansion 
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Examples:  Correlation functions in B-meson LCSR 
Annihilation contribution in 𝐵 → 𝜋, 𝐾 ℓା Huang, YLS, Wang, Wang ,𝑃𝑅𝐿. 134 (2025) 9, 091901

Wang, YLS, 1506.00667



Long distance quark loop

 Power counting of charm quark mass 

ொ஼஽ ௖ ௕ or ௖
ଶ

௕ ொ஼஽:

Qin, YLS, Wang, Wang, PRL. 131 (2023) 9, 091902

 Soft gluon emitted from quark loop 

 Integrating out quark loop:
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 B-meson soft function

 Normalization
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Annihilation diagrams in nonleptonic decays
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• Power counting in effective theory
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• Integrating out hard modes



Annihilation diagrams in nonleptonic decays
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• 4-particle B meson soft function

• Integrating out hard-collinear modes
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Stillger, PHD Thesis, DOI: 10.25358/openscience-11523



Structure dependent QED corrections

• Power enhancement and double logarithmic enhancement in (௦)
ା ି ：

• QED corrections to hadronic B decays

Beneke et al 1908.07111
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QCD×QED Factorization

QED-Generalized form factors and Distribution amplitudes

No power enhancement, numerically small

Beneke et al 2008.10615
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QED-generalized distribution amplitudes

• Definition：

• Renormalization scale evolution

௦
௤

௡
௤

ହ ௡
௤ற

௩ ௡

றொಾభ
௡ത

ொಾమ
௩

௡

றொಾభ
௡ത

ொಾమ

ି௜ఠ௧
஻,⊗

ஶ

ஶ

𝑆௡
௤

𝑥 = exp −𝑖𝑄௤𝑒 න 𝑛 ⋅ 𝐴௦ 𝑥 + 𝑠𝑛
ஶ

଴

𝑃exp −𝑖𝑔௦ න 𝑛 ⋅ 𝐺௦ 𝑥 + 𝑠𝑛
ஶ

଴

Beneke et al 2204.09091.
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Other discussions on B-meson soft functions

• General discussion in FCNC processes   Melikhov,  2208.04907, 2302.13673

• Charming loops in  ௦ ௦
ା ି Belov et al,  2309.00358; 2404.01222

• Multiparticle contribution    Melikhov,  2507.23441
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Evolution of B-meson soft function ீ ଵ ଶ

• Feynman diagrams for Renormalization constant

• Difference from LCDA
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The argument will be evaluated from positive value  to negative  value

The anomalous dimension must be complex  

Huang, Ji ,YLS, Wang ,Wang, PRL. 133 (2024) 17, 171901
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Evolution of B-meson soft function

• Anomalous dimension

• Solution: Laplace  transformation
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Evolution of B-meson soft function

• Asymptotic behavior(exponential model)

• Factorization of quark loop contribution to ௤ decays 

Φீ 𝜔ଵ → 0, 𝜔ଶ → 0, 𝜇 ∝
𝜆ா

ଶ + 𝜆ு
ଶ

6𝜔଴
ଶ 

𝑒௏ାଶఊಶ ௔భା௔మ
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𝜔଴

௔భା௔మ 1 − 𝑒ି௜గ௔మ

4𝜋ଶ
Γ 1 + 𝑎ଵ Γ(1 + 𝑎ଶ)

Φீ 𝜔ଵ → ±∞, 𝜔ଶ → ±∞, 𝜇 ∝
𝜆ா

ଶ + 𝜆ு
ଶ

6𝜔଴
ଶ 

𝑒௏ାଶఊಶ ௔భା௔మ
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௔భା௔మ 𝜇଴

±𝜔ଵ

ଵା௔భ 𝜇଴

±𝜔ଶ

ଵା௔మ

• CP violation observables in 
௤ decays 

Huang, Ji ,YLS, Wang ,Wang, PRL. 133 (2024) 17, 171901



Summary

 Power corrections are among the most essential subjects in heavy flavor physics research.

 Novel soft functions for B mesons arise in a variety of B-meson decay processes, and their scale 
evolution is investigated.

 More comprehensive study on power corrections are required.
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Thanks for your patience !


