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B Physics

Multi-scale problem:
√

ΛmbΛ mb

Power correction:
Λ/mb ∼ O(20%)

IR renormalons [Beneke, 98’]

k

q q

+
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LQCD: amb ≳ 1 [FLAG, 24’]
Effective b quark action
Quark mass extrapolation
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Expansions in B decays

The perturbation expansion and power expansion

αs ∼ Λ/mb ∼ 20%

 

𝒜 LL (𝛼!) NLL NNLL 

LP LP@LL LP@NLL LP@NNLL 

NLP NLP@LL NLP@NLL  

NNLP NNLP@LL   

End-point singularity at NLP.
EOM vanishing operators at NNLP [Neubert, 93’].
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Rare B → γγ decay: LP
The decay amplitudes [Descotes-Genon and Sachrajda, 03’]
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The leading power factorization formula with NLL resummation
[Shen, Wang and YBW, 20’]

ĀLP(B̄q → γγ) =i 4GF√
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B → γγ decay: NLP
Summary for the helicity amplitudes of Bq ! gg

Final expressions for the factorized NLP corrections:
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Large-recoil symmetry violation from the weak annihilation correction completely.

Final expressions for the two helicity amplitudes:
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The fundamental nonperturbative functions: HQET B-meson LCDAs.
I Key hadronic inputs for exclusive B-meson decay phenomenologies, for instance B ! p`n ,

B ! D
(⇤)`n , B ! K

⇤g , B ! K
(⇤)``, B ! pp [Lü, Shen, Wang, YMW, 2023].

Yu-Ming Wang (Nankai) QCD and Heavy Quark Decays Zhoukou, April 19, 2026 21/34
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B(d,s) → γγ decay

NLL:
reduce the µ
dependence

Large error
from B-LCDA

Factorizable
NLP: 30%

NLP: strong
phase
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B(d,s) → γγ decay
Branch ratios

BR(B̄d → γγ) = 1.44+1.35
−0.80 × 10−8, BR(B̄s → γγ) = 3.17+1.96

−1.74 × 10−7

CP violation

Aχ
CP(t) =

Γ̄χ(B̄ → γγ)− Γχ(B → γγ)

Γ̄χ(B̄ → γγ) + Γχ(B → γγ)
= −

Adir, χ
CP cos(∆mq t) +Amix, χ

CP sin(∆mq t)
cosh(∆Γq t/2) +Aχ

∆Γ sinh(∆Γq t/2)
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HQET LCDA of heavy meson
The leading-twist heavy-meson HQET LCDA [Grozin and Neubert, 96’]

⟨Hv|h̄v(0)/n+
γ5qs(tn+)|0⟩ = −ĩfH(µ)n+ · v

∫ ∞

0

dω eiωtn+·vφ+(ω)

HQET LCDA: appears in exclusive B decays

B M

ℓ

ν B → πK · · ·
B → D(∗)ℓν · · ·
B → γℓν · · ·

First inverse momentum λB ∼ O(ΛQCD): NOT well determined

[Belle, 18’]: B → γℓν

Y.B. Wei (CCNU) Power correction and rare decays May. 24 2026 8 / 14



Study of HQET LCDA

HQET LCDA: non-perturbative physics
- Inverse moments: [Wang and Shen, 18’], [Beneke, Braun, Ji, and YBW, 18’],

[Belle, 18’], [Galda, Neubert and Wang, 22’], [Han, et al., 24’]

- EOM [Kawamura, Kodaira, Qiao and Tanaka, 02’], [Lü, Shen, Wang and YBW, 18’]

- RG evolution properties: [Braun, Ji and Manashov, 19’], [Galda and Neubert, 20’],
[Cui, Shen, Wang and YBW, 23’]

- generalized LCDA [Beneke, Böer, Toelstede, and Vos, 22’], [Qin, Shen, Wang and
Wang, 22’], [Huang, Ji, Shen, Wang and Wang, 23’]

Determination of λB

Extract from the experiments: clean process B → γℓν, W → Bγ

Calculate with LQCD [LPC collaboration, 22’]
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B → γℓν

q − l

l

p

q

W

γ

W

γ
q

p

l

p− q

[Wang and Shen, 18’], [Beneke, Braun, Ji, and
YBW, 18’], [Galda, Neubert and Wang, 22’],
[Cui, Shen, Wang, and YBW, 23’]

Decay form factor

FV/A(Eγ) = R(Eγ) +
[
ξ(Eγ)±∆ξ(Eγ)

]
Factorizable contributions:
higher-twist B-meson LCDA,
QCD → HQET: b quark field
Non-factorizable contributions:
hadronic structure of the photon
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[Cui, Shen, Wang, and YBW, 23’]
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B → γℓν

⟨Hv|h̄v(0)/n+
γ5qs(tn+)|0⟩ = −ĩfH(µ)n+ · v

∫ ∞

0

dω eiωtn+·vφ+(ω)

Exclusive B decays: B-meson HQET decay constant f̃B:
f̃B(µ) = K−1(µ)fB

QCD decay constant fB calculated with LQCD [FLAG].

The relation receive
power corrections
[Becher, Neubert and Petrov, 00’]

1 Introduction

Hadronic matrix elements of flavor-changing currents are of paramount importance to
the phenomenology of weak decays. They appear, e.g., in the theoretical description
of semileptonic B decays. These processes give direct access to the elements |Vcb| and
|Vub| of the quark-mixing matrix, provided the hadronic matrix elements are known
from some nonperturbative computation. For inclusive semileptonic decays, the matrix
elements can be calculated using a short-distance expansion in the large b-quark mass.
Improving the theoretical accuracy in the determinations of |Vub| is currently one of the
most important challenges in heavy-flavor theory.

Relevant to the determination of |Vub| are hadronic matrix elements of the weak
current ūωω(1 → ω5)b. In general, local current operators composed of a heavy quark Q
and a light quark q exhibit an interesting behavior under renormalization at scales below
the heavy-quark mass. Large logarithms of the type αs ln(mQ/µ) arise from the exchange
of gluons that are hard with respect to the light quark but soft with respect to the heavy
quark. Since such gluons see the heavy quark as a static color source, their effects
can be investigated systematically in the framework of the heavy-quark effective theory
(HQET), which provides a systematic expansion of matrix elements in inverse powers and
logarithms of mQ [1]. In the HQET, the four-component heavy-quark field is replaced
by a velocity-dependent two-component field hv satisfying /v hv = hv, where v is the four-
velocity of the hadron containing the heavy quark. Operators in the effective theory
have a different evolution than in usual QCD. For instance, whereas the vector current
q̄ ωωQ is conserved in QCD (i.e., its anomalous dimension vanishes), the corresponding
current q̄ ωωhv in the HQET has a nontrivial anomalous dimension, which governs its
renormalization-group (RG) evolution for scales below mQ.

As an example, consider the heavy-quark expansion of the vector current (neglecting
the light-quark mass mq) [2, 3]

q̄ ωωQ ∼=
∑

i=1,2

Ci(µ) Ji +
1

2mQ

10
∑

j=1

Bj(µ)Qj +O(1/m2
Q) , (1)

where the symbol ∼= is used to indicate that this is a relation that holds after taking
matrix elements on both sides. (In a regularization scheme with anticommuting ω5, the
expansion of the axial-vector current is obtained by replacing q̄ → →q̄ω5 in the HQET
operators.) J1 = q̄ ωωhv and J2 = q̄ vωhv are the effective operators entering at leading
order in the expansion. The operators Qj appearing at next-to-leading order (NLO)
form a basis of dimension-4 operators in the HQET that closes under renormalization.
The standard choice of these operators is (using the notation iD = i∂+gsA and (iD)† =
→i
←→
∂ + gsA)

Q1 = q̄ ωωi /Dhv , Q4 = q̄ (iv ·D)†ωωhv ,

Q2 = q̄ vωi /Dhv , Q5 = q̄ (iv ·D)†vωhv ,

Q3 = q̄ iDωhv , Q6 = q̄ (iDω)†hv , (2)

1

fB = K(µ) f̃B(µ) + NLP
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B → γℓν

Power correction in fB
⇒ 20% increase to FV/A

⇒ 40% increase to decay width
[Liu, Su and YBW, in progress]

[Belle, 18’]: λB > 0.24 GeV

Also affect the exclusive extrac-
tion of |Vub| and |Vcb|.
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W → Bγ

Rare decay W− → B−γ: B-meson QCD LCDA
[Grossman, König and Neubert, 15’]

Match from QCD LCDA to HQET LCDA [Ishaq, Jia, Xiong and Yang, 19’],
[Zhao, 19’], [Beneke, Finauri, Vos and YBW, 23’], [Deng, Wang, YBW and Zeng, 24’]

ϕQCD(u) = J (u, ω)⊗ φHQET(ω)

Our result: with NLL resummation [Beneke,
Finauri, Vos and YBW, 23’]

Br = (2.58± 0.21in
+0.05
−0.08 µh

+2.95
−0.98 λB) · 10

−12

30% increase
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Summary

⋇ Rare B → γγ decay

NLL resummation: stabilize the factorization-scale dependence

Power correction: factorization contribution and soft-overlap
contribution

⋇ Determination of λB

Power correction in B → γℓν: 40% increase of decay width

W → Bγ decay

Thank you!
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