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QCD LCDA of Heavy Mesons from bHQET

LHC
2024 11 14 -17

Beneke, Finauri, Vos and YBW: 2305.06401
Deng, Wang, YBW and Zeng: 2409.00632
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Outline

⋇ LCDA of heavy mesons

⋇ Introduction to bHQET

⋇ Factorization of QCD LCDA

⋇ Numeric applications
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B Physics

New physics beyond the SM
Direct search: new particles
Indirect search: flavour physics
CPV, R(D(∗)), |Vub|, |Vcb|, · · ·

0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4

R
(D

*)

HFLAV SM Prediction
 0.004±R(D) = 0.298 

 0.005±R(D*) = 0.254 

68% CL contours

World Average
total 0.026±R(D) = 0.344 

total 0.012±R(D*) = 0.285 
 = -0.39ρ

) = 29%2χP(

aLHCb
bLHCb

cLHCb

bBelle

cBelle

aBelle BaBar

BelleII

Average

HFLAV
Moriond 2024

36 38 40 42 44
]-3| [10cb|V

2.8

3

3.2

3.4

3.6

3.8

4

4.2

4.4

4.6

4.8]
-3

| [
10

ub
|V

|cbExclusive |V

|ubExclusive |V

|cb|/|Vub|V

HFLAV Average

) = 8.9%2χP(

Inclusive

|: GGOUub |V

|: global fitcb |V

 = 1.0 contours2χ∆

HFLAV2021

HFLAV
2021

BaBar, Belle
LHC, Belle-II
HL-LHC
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HQET LCDA of heavy meson

⟨Hv|h̄v(0)/n+
γ5[0, tn+]qs(tn+)|0⟩ = −i f̃H(µ)n+ · v

∫ ∞

0

dω eiωtn+·vφ+(ω)

Most important long-distance function in exclusive B decays

Non-leptonic decays: B → πK · · ·
Semi-leptonic decays: B → D(∗)ℓν · · ·
Radiative decay: B → γℓν · · · B M

ℓ

ν

⋇ Inverse moments: [Wang and Shen, 18’], [Beneke, Braun, Ji, and YBW 23’],
[Belle, 18’], [Galda, Neubert and Wang, 22’], [Han, et al. 24’]

⋇ RG evolution properties: [Braun, Ji and Manashov. 19’], [Galda and Neubert, 20’]
⋇ EOM [Cui, Huang, Shen, Wang and Wang 22’], [Cui, Huang, Wang and Zhao 23’]
⋇ generalized LCDA [Qin, Shen, Wang and Wang 22’], [Huang, Ji, Shen, Wang and

Wang 23’]
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HQET LCDA of heavy meson

⟨Hv|h̄v(0)/n+
γ5[0, tn+]qs(tn+)|0⟩ = −i f̃H(µ)n+ · v

∫ ∞

0

dω eiωtn+·vφ+(ω)

Most important long-distance function in exclusive B decays

Non-leptonic decays: B → πK · · ·
Semi-leptonic decays: B → D(∗)ℓν · · ·
Radiative decay: B → γℓν · · · B M

ℓ

ν

⋇ Inverse moments: [Wang and Shen, 18’], [Beneke, Braun, Ji, and YBW 23’],
[Belle, 18’], [Galda, Neubert and Wang, 22’], [Han, et al. 24’]

⋇ RG evolution properties: [Braun, Ji and Manashov. 19’], [Galda and Neubert, 20’]
⋇ EOM [Cui, Huang, Shen, Wang and Wang 22’], [Cui, Huang, Wang and Zhao 23’]
⋇ generalized LCDA [Qin, Shen, Wang and Wang 22’], [Huang, Ji, Shen, Wang and

Wang 23’]
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Non-perturbative LCDA of hadrons

Light-cone distribution amplitudes (LCDA): non-perturbative physics
Calculate with LQCD [LPC collaboration, 22’]

Extract from the experiments: clean process B → γℓν
[Wang and Shen, 18’], [Beneke, Braun, Ji, and YBW 23’], [Belle, 18’], [Galda, Neubert
and Wang, 22’]

Rare decay W− → B−γ [Grossman, König and Neubert, 15’]

A(W− → B−γ) =

∫ 1

0

du T(u)ϕ(u)

LaMET [Ji, 13’]: quasi DA → QCD LCDA → HQET LCDA [Han, et al. 24’]

QCD LCDA to HQET LCDA
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Non-perturbative LCDA of hadrons

Light-cone distribution amplitudes (LCDA): non-perturbative physics
Calculate with LQCD [LPC collaboration, 22’]

Extract from the experiments: clean process B → γℓν
[Wang and Shen, 18’], [Beneke, Braun, Ji, and YBW 23’], [Belle, 18’], [Galda, Neubert
and Wang, 22’]

Rare decay W− → B−γ [Grossman, König and Neubert, 15’]

A(W− → B−γ) =

∫ 1

0

du T(u)ϕ(u)

LaMET [Ji, 13’]: quasi DA → QCD LCDA → HQET LCDA [Han, et al. 24’]

QCD LCDA to HQET LCDA
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LCDA of heavy meson

The heavy meson QCD LCDA [Braun and Filyanov, 89’]

⟨H(pH)|Q̄(0)/n+
γ5[0, tn+]q(tn+)|0⟩ = −ifHn+ · pH

∫ 1

0

du eiutn+·pH ϕ(u)

ϕ: lnΛQCD/mQ from mQ and ΛQCD

The leading-twist heavy-meson LCDA in (b)HQET [Grozin and Neubert, 96’]

⟨Hv|h̄v(0)/n+
γ5[0, tn+]qs(tn+)|0⟩ = −ĩfH(µ)n+ · v

∫ ∞

0

dω eiωtn+·vφ+(ω)

φ+: ΛQCD

Y.B. Wei (BJUT) Heavy meson LCDA in bHQET Nov. 16 2024 6 / 13



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

LCDA of heavy meson

The heavy meson QCD LCDA [Braun and Filyanov, 89’]

⟨H(pH)|Q̄(0)/n+
γ5[0, tn+]q(tn+)|0⟩ = −ifHn+ · pH

∫ 1

0

du eiutn+·pH ϕ(u)

ϕ: lnΛQCD/mQ from mQ and ΛQCD

The leading-twist heavy-meson LCDA in (b)HQET [Grozin and Neubert, 96’]

⟨Hv|h̄v(0)/n+
γ5[0, tn+]qs(tn+)|0⟩ = −ĩfH(µ)n+ · v
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Factorization of the QCD LCDA

Momentum space matching of QCD to HQET @ NLO [Ishaq, Jia, Xiong
and Yang, 19’]

ϕ(u) = J (u, ω)⊗ φ+(ω)

QCD bHQET

ϕ+

mb ΛQCD

J

NLO: [Bell and Feldmann, 08’]

Coordinate space matching @NLO [Zhao, 19’]
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Momentum modes

A given momentum in the light-cone coordinate

lµ = (n+l, l⊥, n−l )

In the rest frame of the heavy meson
heavy quark (hard): (1, 1, 1)mQ

light degree of freedom (soft):
(1, 1, 1)ΛQCD

For a boosted heavy meson: b ∼ mQ
Q

heavy quark (hard-collinear): (1b , 1, b)mQ = (Q,mQ,
m2

Q
Q )

light degree of freedom (soft-collinear): ( Q
mQ

, 1,
mQ
Q )ΛQCD
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Boosted HQET

The heavy quark field in bHQET [Fleming, Hoang, Mantry and Stewart, 07’], [Dai,
Kim and Leibovich, 21’]

hn(x) ≡
√

2

n+veimQv·x /n−/n+

4
Q(x)

The bHQET Lagrangian could be derived from HQET or SCET

Then one find out the LP operators

Ôk =
1

n+v

√
n+v
2

h̄n/n+

(
n+v i /D⊥

in+D

)k
γ5ξsc

Only operators Ô0 and Ô1 will appear at LP [Beneke, Finauri, Vos and YBW, 23’]
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Factorization of the QCD LCDA
The factorization formula

ϕ(u) =
{

u ∼ δ : Jp(u, ω)⊗ φ+(ω) , OQCD = Jp ⊗O0,

u ∼ 1 : Jtail(u) , OQCD = J0O0 + J1O1 ,

The jet function J : O(mQ), HQET LCDA φ+: O(ΛQCD)

Q

qu

Q

qu

Peak region:

Jp(u, ω) =θ(mQ − ω)δ
(

u − ω

mQ

)[
1

+
αsCF

4π

(L2

2
+

L
2
+

π2

12
+ 2

)]
, L = ln µ2

m2
Q

Tail region:

Jtail(u) =
αsCF

4π

2ū
u

(
(1 + u)[L − 2 ln u]− u + 1

)
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Evolution of the LCDAs: φ+ and ϕ

Two-step evolutions: ΛQCD → mQ → Q

ϕ+(ΛQCD) ϕ+(mQ)

ERBLφ(mQ) = J ⊗ ϕ+(mQ)

LN

φ(Q)

ΛQCD mQ Q

ϕ(mQ) → ϕ(Q):
evolve of the Gegenbauer mo-
ments

an(µh)

an(µ)
=

(
αs(µh)

αs(µ)

) γn
2β0

0.0 0.2 0.4 0.6 0.8 1.0

0

1

2

3

4

5

6
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W → Bγ: branch ratio

The branch ratio

Br(W → Bγ) =
Γ(W → Bγ)

ΓW
=

αemmWf2B
48v2ΓW

|Vub|2
(
|FB

1 |2 + |FB
2 |2

)

[Grossman, König and Neubert, 15’]:
QCD LCDA

Br = (1.99± 0.17in
+0.03
−0.06 µh

+2.48
−0.80 λB) · 10

−12

Our result: with lnΛQCD/mQ resum-
mation

Br = (2.58± 0.21in
+0.05
−0.08 µh

+2.95
−0.98 λB) · 10

−12

30% increase 0.20 0.25 0.30 0.35 0.40 0.45

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5
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Summary

⋇ Introduction to the QCD and HQET LCDAs

⋇ Match QCD LCDA to the HQET LCDA
Peak region: OC(u) = Jp(u, ω)⊗Oh(ω)

Tail region: OC(u) = J+(u)O+ + J−(u)O−

⋇ W− → B−γ decay: 30% enhancement

Thank you!
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Factorization of the QCD LCDA

Momentum space matching of QCD to HQET @ NLO [Ishaq, Jia, Xiong
and Yang, 19’]

ϕ(u) = J (u, ω)⊗ φ+(ω)

QCD bHQET

ϕ+

mb ΛQCD

J

Tree level

J (0)(u, ω) = δ
(

u − ω

ω + mQ

)
ω and mQ have different power counting

NLO from [Bell and Feldmann, 08’]

Coordinate space matching @NLO [Zhao, 19’]
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Inhomogeneous power counting of ϕ

For the matching scale µ (δ ∼ ΛQCD/mH)

µ ≫ mQ: ϕ(u) is symmetric under u ↔ 1− u

µ ≲ mQ: ϕ(u) develops a peak at u ∼ O(δ)
ϕ(u) is suppressed at u ∼ O(1)

Normalization condition

ϕ(u) ∼
{
δ−1 , for u ∼ δ (“peak”)
1 , for u ∼ 1 (“tail”)

For consistent power counting: separate u ∼ O(1) and u ∼ O(δ) region
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W → Bγ (non-perturbative input)

HQET LCDA with radiative tail [Lee and Neubert, 05’]

φ+(ω;µs) =

(
1 +

αs(µs)CF

4π

[
1

2
− π2

12

])
φmod

+ (ω;µs) + θ(ω −
√

eµs)φ
asy
+ (ω;µs)

Two parameter models

φ
(I)
+ (ω;µs) =

[
1− β +

β

2− β

ω

ω0

]
φexp

+

(
ω, (1− β/2)ω0;µs

)
, for 0 ≤ β ≤ 1 ,

φ
(II)
+ (ω;µs) =

(1 + β)β

Γ(2 + β)

(
ω

ω0

)β

φexp
+

(
ω,

ω0

1 + β
;µs

)
, for − 1

2
< β < 1 ,

φ
(III)
+ (ω;µs) =

√
π

2Γ(3/2 + β)
U
(
−β,

3

2
− β, (1 + 2β)

ω

ω0

)
× φexp

+

(
ω,

ω0

1 + 2β
;µs

)
, for 0 ≤ β <

1

2
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