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Flavor Physics Plays a Very Important Role in Particle Physics
5

➢ The charm quark was predicted by 

Glashow, Iliopoulos and Maiani in 

1970.

➢ The bottom quark was first predicted 

in 1973 by Kobayashi and 

Maskawa to explain CP violation.

➢ Heavy Flavor Physics: 𝑏, 𝑐, 𝜏.

Heavy Flavor Physics



Heavy Meson Profile
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Heavy Quark Effective Theory

[Neubert, Subnucl.Ser 34, 98-165 (1997)]
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HQET is Constructed to Describe Heavy Flavor Physics

➢ The Lagrangian of HQET.



Heavy Quark Effective Theory
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SF and LCDA are Crucial to Describe Heavy Meson Profile 

➢ Using HQET, observables can be written schematically as series.

Wilson coefficients
Decay constant

Shape function (SF)

Light-cone distribution amplitude (LCDA)

Form factor
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➢ LCDA describes the momentum 

distribution amplitude of the light quark.

➢ SF characterizes the momentum 

distribution function of the heavy quark.

Shape Function and Light-Cone Distribution Amplitude

A heavy flavor meson consists of a pair of heavy and light quarks.

Together, they provide the most essential information about the profile of heavy mesons. 
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The “|𝑽𝒖𝒃| Puzzle”

➢The 𝑉𝑢𝑏  tension

➢The values derived from |𝑉𝑢𝑏|/|𝑉𝑐𝑏| ratio measurements. 

via 𝐵 → 𝑋𝑢 ℓ 𝜈

via 𝐵 → 𝜋 ℓ 𝜈

[PDG (2024)]

[PDG (2024)]
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The “|𝑽𝒖𝒃| Puzzle”

➢The inclusive process: 𝐵 → 𝑋𝑢 ℓ 𝜈 ➢The exclusive process: 𝐵 → 𝜋 ℓ 𝜈

[Neubert et.al, NPB, 699 (2004)]
[Khodjamirian et.al, PRD, 75 (2007)]
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Definition on Shape Functions

➢The definition on SF defined in HQET

Here ℎ𝑣 is the heavy quark field defined in HQET, the variable has support −∞ < 𝜔 < ഥΛ, with ഥΛ = 𝑚𝐵 − 𝑚𝑏. 

➢The definition on SF defined in QCD

Here the heavy quark field is defined in QCD, the variable has support 0 < 𝑥 < 1.



➢The typical energy scales possessed by 𝑆QCD and 𝑆HQET are different.

➢The SFs should be divided by different regions: “peak region” and “tail region”.  
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Comparison Between Shape Functions in QCD and HQET

𝜦𝐐𝐂𝐃

𝒎𝒃

𝝁 = 𝐟𝐞𝐰 × 𝜦𝐐𝐂𝐃

Perturbatively calculable 

matching coefficient
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➢The factorization formula between 𝑆QCD and 𝑆HQET.

➢Expand the shape functions and matching coefficient,

Factorization Formula

(peak region)

(tail region)
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Factorization Formula

➢ Identifying momentums of the B-meson and b-quark as 𝑝𝐵
+ = 𝑚𝐵𝑣+, 𝑝𝑏

+ = 𝑚𝑏𝑣+ + 𝑘+. 

➢At tree level: 

With

➢  Therefore the shape function defined in QCD has a typical support in a small region 

close to the endpoint
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Factorization Formula

➢At one-loop level:

1. This necessitates a region-separated 

calculation.

2. Work in the space-time dimension 𝑑 =
4 − 2𝜖 and use MS scheme.

3. Keep 𝑣 ⋅ 𝑘 non-zero and use plus 

function
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Factorization Formula

➢The matching function at one-loop

1. This result implies the validity of the factorization formula.

2. The plus distributions cancel out in the matching, yielding remarkably simple form of 

factorization formula.

3. The “refactorization framework” developed in this work is in a similar spirit to LCDAs 

defined in QCD and HQET.
[Yu Jia, De-Shan Yang et.al, PRL, 125 (2020)] [Beneke, Yan-Bing Wei et.al, JHEP, 09 (2023)]



➢ Two-step factorization to access heavy meson LCDA.
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The Two-Step Matching Scheme for Shape Function

Matching

𝜦𝐐𝐂𝐃

𝒎𝒃

𝝁 = 𝐟𝐞𝐰 × 𝜦𝐐𝐂𝐃

SF in HQETSF in QCD
bHQET



➢ Two-step factorization to access heavy meson LCDA.
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SF in HQETSF in QCD
bHQET

The Two-Step Matching Scheme for Shape Function

Quasi-SF in QCD
LaMET

𝜦𝐐𝐂𝐃

𝒎𝒃

𝝁 = 𝐟𝐞𝐰 × 𝜦𝐐𝐂𝐃

𝑷𝒛

Matching

Matching
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Determining QCD Shape Function from Model

➢ It is instructive to understand the characteristic feature of QCD shape function and beneficial for 

future lattice simulations.

➢ Taking advantage of a widely adopted model of HQET shape function at the soft scale 𝜇𝑖 = 1.5 GeV,

with ෝ𝜔 = ഥΛ − 𝜔 ≥ 0.

[Neubert et.al, NPB, 699 (2004)]
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Heavy Meson LCDA

Mass 

Dependence

Spin 

Symmetry

[Shuai Zhao et.al, 

2411.07101]

[Jun Zeng et.al, 

PRD, 110 (2024)]

[Xue-Ying Han’s talk]

[Qi-An Zhang’s talk]

Lattice 

Progress
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Heavy Meson LCDA Heavy Meson SF
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Thanks！
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