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B/D factory
LHCb run-II
ATLAS
CMS
Belle-II
BESIII

Flavor Physics

1. Rare FCNC and angular analyses

2. B(D) decay property and CP violation

3. Spectroscopy and exotic states

4. Hadron production and polarization

……

1. B(D) decay properties and CP violation

Pure leptonic and semileptonic B(D) decay

 Decay constant

 Transition form factors

 CKM matrix element

 Decay width and anomalous

𝑈 =
𝑉𝑢𝑑 𝑉𝑢𝑠 𝑉𝑢𝑏
𝑉𝑐𝑑 𝑉𝑐𝑠 𝑉𝑐𝑏
𝑉𝑡𝑏 𝑉𝑡𝑠 𝑉𝑡𝑏

I. Introduction
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I. Introduction-Motivation

1. B→K*ll

JHEP 1708 (2017) 055
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I. Introduction-Motivation

PRD90 (2014) 034025, Shen, Wu, Ma…

𝑅 𝐽/𝜓 = 0.26 (PMC)

1. Large discrepancy with experimental data
2. Main uncertainty is form factor
3. 3-4 times for QCDSR to the experiment
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I. Introduction-Motivation

 Explore the nontrivial internal structure of light mesons, 

with clean semileptonic D/Ds decay without final state interactions. 

6.4s

2.9s

arXiv:1803.02166

BESIII D+
Se+v型半轻衰变的首次观测
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B→K* TFFs

,Π𝜇(𝑝ۄ 𝑞) = 𝑖 න𝑑4 𝑥𝑒𝑖𝑞·𝑥〈𝑉(𝑝, 𝜆)|T ത𝑞1(𝑥)𝛾𝜇(1 − 𝛾5)𝑏(𝑥), 𝑖 ത𝑏(𝑥)(1 + 𝛾5)𝑞2(𝑥) |0

Right-handed current

Twist-2 Twist-3 Twist-4

𝜹𝟎 𝜙2;𝑉
⊥ / /

𝜹𝟏 𝜙2;𝑉
‖

𝜙3;𝑉
⊥ , 𝜓3;𝑉

⊥ , 𝛷3;𝑉
‖
, ෩𝛷3;𝑉

‖ /

𝜹𝟐 / 𝜙3;𝑉
‖
, 𝜓3;𝑉

‖
, 𝛷3;𝑉

⊥ 𝜙4;𝑉
⊥ , 𝜓4;𝑉

⊥ , 𝛹4;𝑉
⊥ , ෩𝛹4;𝑉

⊥

𝜹𝟑 / / 𝜙4;𝑉
‖
, 𝜓4;𝑉

‖

,Π𝜇(𝑝ۄ 𝑞) = 𝑖 න𝑑4 𝑥𝑒𝑖𝑞·𝑥〈𝑉(𝑝, 𝜆)|T ത𝑞1(𝑥)𝛾𝜇(1 − 𝛾5)𝑏(𝑥), 𝑖 ത𝑏(𝑥)𝛾5𝑞2(𝑥) |0

,Π𝜇(𝑝ۄ 𝑞) = 𝑖 න𝑑4 𝑥𝑒𝑖𝑞·𝑥〈𝑉(𝑝, 𝜆)|T ത𝑞1(𝑥)𝛾𝜇(1 − 𝛾5)𝑏(𝑥), 𝑖ത𝑏(𝑥)(1 − 𝛾5)𝑞2(𝑥) |0

Left-handed current

Axial current

𝜹𝟎, 𝜹𝟏, 𝜹𝟐, 𝜹𝟑 chiral odd and even DAs

𝜹𝟏, 𝜹𝟑 chiral even DAs

𝜹𝟎, 𝜹𝟐 chiral odd DAs

𝜙2;V
⊥

𝜙2;V
‖

𝛿 ≃ Τ𝑚𝑉 𝑚𝑏

II. LCSR with chiral correlator
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B→K* TFFs

Decay width and Ratio

B→P/V transition form factors (TFFs)

Light cone Sum Rule (LCSR)

Light/heavy meson distribution amplitude (DAs)

Basic procedure

II. LCSR with chiral correlator —— B→K* TFFs

1. Vector and tenser form factors 

2. Definition of TFFs

3. Chiral current correlator

𝛱𝜇ۄ
I(𝑝, 𝑞) = 𝑖 න𝑑4 𝑥𝑒𝑖𝑞·𝑥〈𝐾∗(𝑝, 𝜆)|𝑇 ҧ𝑠(𝑥)𝛾𝜇(1 − 𝛾5)𝑏(𝑥), 𝑖𝑚𝑏

ത𝑏(0)(1 + 𝛾5)𝑞1(0) |0

𝛱𝜇ۄ
II(𝑝, 𝑞) = −𝑖 න𝑑4 𝑥𝑒𝑖𝑞·𝑥〈𝐾∗(𝑝, 𝜆)|𝑇{ ҧ𝑠(𝑥)𝜎𝜇𝜈𝑞

𝜈(1 + 𝛾5)𝑏(𝑥), 𝑖𝑚𝑏
ത𝑏(0)(1 + 𝛾5)𝑞1(0)}|0 9 /25



B→K* TFFsII. LCSR with chiral correlator —— B→K* TFFs
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B→K* TFFsII. LCSR with chiral correlator —— B→K* TFFs
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B→K* TFFsII. LCSR with chiral correlator —— B→K* TFFs

pQCD

JPG 43 (2016) 015002 

H.B.Fu, X.G.Wu, Y.Ma, W.Cheng, T.Zhong
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B→K* TFFsII. LCSR with chiral correlator —— 𝐵 → 𝐾∗𝜇+𝜇−Asymmetry

 Forward-Backward asymmetry

 Isospin asymmetry

→ Decay Width

→ TFFs 𝝃⊥,|| 𝒒
𝟐

→ LCSR with Chiral correlator

→ WH model for K* meson twist-2 LCDA

TFFs 𝝃|| 𝒒
𝟐

TFFs 𝝃⊥ 𝒒𝟐
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B→K* asymmetryB→K* TFFs

AFB

AI

SM+MFV-I SM+MFV-IISM

𝑩 → 𝑲∗𝝂ഥ𝝂 Branching Ratio and 𝑭𝑳

Phys.Rev. D97 (2018) 055037 

H.B.Fu, X.G.Wu, W.Cheng, T.Zhong and Z.Sun

II. LCSR with chiral correlator —— 𝐵 → 𝐾∗𝜇+𝜇−Asymmetry

Br

FL



(1) B→K* asymmetryB→K* TFFsII. LCSR with chiral correlator —— The equivalence of LCSR and chiral LCSR

By Suppressing the value of threshold 𝑺𝟎, the contribution from the added
scalar state can be highly reduced or eliminated.
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(1) B→K* asymmetryB→K* TFFsII. LCSR with chiral correlator —— The equivalence of LCSR and chiral LCSR

𝑩+ Type 𝑩+ Type

𝑩𝟎 Type 𝑩𝟎 Type
Phys.Rev. D95 (2017) 094023

W.Cheng, X.G. Wu, H.B.Fu
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 Background Field Theory (BFT)
Gluon field

Quark field

 Equation of the motion

 Fundamental and adjoint representations of the gauge covariant derivatives

 Quark propagator (up to 6-dimension)

 Vertex operator

B→K* TFFsIII. SVZ sum rule within BFT
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Phys.Rev. D90 (2014) 016004

T.Zhong, X.G.Wu, Z.G.Wang, 

T.Huang, H.B.Fu, H.Y.Han

… …

III. SVZ sum rule within BFT
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III. SVZ sum rule within BFT— rho meson longitudinal twist-2 DA

 Correlation function
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III. SVZ sum rule within BFT— rho meson longitudinal twist-2 DA

𝜙2;𝜌
||

N=2,4,6 Phys.Rev. D94 (2016) 074004

H.B.Fu, X.G.Wu, W.Cheng, T.Zhong

Vub

𝐴1(𝑞
2)

𝐴2(𝑞
2) 𝑉(𝑞2)
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III. SVZ sum rule within BFT— J/ψ longitudinal twist-2 DA

Propagator and vertex operator contain 𝑚𝑐 which are more complex than ρ-meson !! 

Borel window for SVZSR 21 /25



III. SVZ sum rule within BFT— J/ψ longitudinal twist-2 DA

Phys.Rev. D97 (2018) 074025

H.B.Fu, L.Zeng, W.Cheng, T.Zhong, X.G.Wu 22 /25



IV. Summary and Outlook

1. LCSR with chiral correlator

B-K* TFFs,     Asymmetry,      Equivalence of two LCSR

2. SVZSR with BFT

ρ, J/ψ and semileptonic decay

 𝐵, 𝐷 → 𝜋,𝐾, 𝑆, 𝑉, 𝑇 …… at BESIII、 LHCb、Belle-II

 NLO correction for semileptonic decay processes

 Heavy baryon decay processes
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Thanks for your attention!


