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B Physics
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Power correction and rare decays

@ Multi-scale problem:
A vVAmy, my

@ Power correction:

IR renormalons [Beneke, 98']

q q

o LQCD: amy 2 1 [FLAG, 24]
o Effective b quark action

e Quark mass extrapolatio
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Expansions in B decays

The perturbation expansion and power expansion

as ~ N/my ~ 20%

A LL(ay) NLL NNLL
LP LP@LL LP@NLL LP@NNLL
NLP NLP@LL

NNLP

End-point singularity at NLP.
EOM vanishing operators at NNLP [Neubert, 93'].
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Rare B — ~~ decay: LP

The decay amplitudes [Descotes-Genon and Sachrajda, 03']
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The leading-order diagrams
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The leading power factorization formula with NLL resummation
[Shen, Wang and YBW, 20']
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B — ~v decay: NLP

Summary for the helicity amplitudes of B, — yy

@ 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.

> Key hadronic inputs for exclusive B-meson decay phenomenologies, for instance B — (v,
B—DWey, B—K*y, B— K", B— nr [Lii, Shen, Wang, YMW, 2023].

Yu-Ming Wang (Nankai) QCD and Heavy Quark Decays Zhoukou, April 19, 2026 21/34
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B4 — vy decay
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o Large error
from B-LCDA

o Factorizable
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B4 — vy decay
Branch ratios
BR(Bys— vy) = 1447035 x 1078, BR(Bs = vy) =3.175125 x 1077
CP violation
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HQET LCDA of heavy meson

The leading-twist heavy-meson HQET LCDA [Grozin and Neubert, 96']

(RO (1 )[0) = ~(u) e [ do 7 )

HQET LCDA: appears in exclusive B decays
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First inverse momentum A ~ O(Aqcp): NOT well determined
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[Belle, 18']: B —"~4v A (GeV) N
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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'], [Li, 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, Boer, Toelstede, and Vos, 22'], [Qin, Shen, Wang and
Wang, 22'], [Huang, Ji, Shen, Wang and Wang, 23’]

Determination of Ap

@ Extract from the experiments: clean process B — vfv, W — By

o Calculate with LQCD [LPC collaboration, 22]
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Decay form factor
Fyya(By) = R(B) + [¢(B,) £ AS(E,)|

@ Factorizable contributions:
higher-twist B-meson LCDA,
QCD — HQET: b quark field

@ Non-factorizable contributions:
hadronic structure of the photon
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[Wang and Shen, 18], [Beneke, Braun, Ji, and
YBW, 18'], [Galda, Neubert and Wang, 22'],
[Cui, Shen, Wang, and YBW, 23]

_RWIL ¢ A
RN gl pghe
RLL hp N

Ap [GeV)
[Cui, Shen, Wang, and YBW, 23']
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B — vty

(HIR O (tn)[0) = ~T(u) e [ o e )

Exclusive B decays: B-meson HQET decay constant ?B:

fo(p) = K (u)fs
QCD decay constant fp calculated with LQCD [FLAG].

The relation receive

power corrections

[Becher, Neubert and Petrov, 00']
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B — ~lv

Power correction in fg

= 20% increase to F'y/ 4

= 40% increase to decay width .}

[Liu, Su and YBW, in progress] —

Also affect the exclusive extrac-
tion of | Vi and | Ve

T o
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[Belle, 18]: )\E >')0.24 GeV
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W — By

b\\B_
Rare decay W~ — B~v: B-meson QCD LCDA = <
[Grossman, Kénig and Neubert, 15'] T /
N

5
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']
paop(v) = J (v,w) ® puger (W)

Our result: with NLL resummation [Beneke, 2 *°
Finauri, Vos and YBW, 23'] x40
235

N
Br = (2.58 +0.21in 7008 1, 1598 25) - 10712 = 50

30% increase

Y.B. Wei (CCNU) Power correction and rare decays



Summary

% Rare B — ~7 decay

o NLL resummation: stabilize the factorization-scale dependence
e Power correction: factorization contribution and soft-overlap

contribution

% Determination of \p

e Power correction in B — yfv: 40% increase of decay width

o W — By decay

Thank you!
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