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Motivation

▶ The semileptonic decays of B meson: CKM matrix elements, NP.

▶ The internal structures of the scalar mesons: a+0 (1450), K̄
∗
0 (1430),

K∗+
0 (1430), f0(1500).

Calculation method:
light-front approach, LQCD, QCDSR, pQCD, LCSR · · ·

▶ light-front approach: C.-H. Chen, C.-Q. Geng, C.-C. Lih and C.-C. Liu, 0703106

▶ QCDSR approach: M.-Z. Yang, 0509103;

T.M. Aliev, K. Azizi and M. Savci,0710.1508

▶ pQCD approach: R.-H. Li, C.-D. Lü, W. Wang and X.-X. Wang, 0811.2648

▶ LCSR approach
• light-meson LCSR: Y.-M. Wang, M.J. Aslam, C.-D. Lü, 0804.2204;

Y.-J. Sun, Z.-H. Li and T. Huang, 1011.3901; Z.-G. Wang, 1409.6449

• B-meson LCSR: R. Khosravi, 2203.09997
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Form factors in LCSR

Definition of B-meson transition form factors

⟨S(p) |q̄′iσµνγ5q
νb|B(pB)⟩ = −i

[
2q2pµ − (m2

B −m2
S − q2)qµ

] f TBS(q
2)

mB +mS
,

⟨S(p) |q̄′γµγ5b|B(pB)⟩ = −i

[
(pB + p − m2

B −m2
S

q2
q)µf

A
BS(q

2)

+
m2

B −m2
S

q2
qµf

P
BS(q

2)

]
.

B-meson LCSR: A. Khodjamirian, T. Mannel and N. Ofen, 0504091, 0611193;

F. De Fazio, T. Feldmann and T. Hurth, 0504088, 0711.3999.

n · p ∼ O(mb) , | n̄ · p | ∼ O(Λ) .
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Form factors in LCSR

▶ Quark level: perturbative QCD calculation
n̄ · p < 0, Light-cone OPE: x2 → 0

▶ Hadronic level: insert complete set
∑

n | n⟩⟨n |

Πµ(n · p, n̄ · p) =
∫
d4x e ip·x⟨0|T

{
q̄(x)q′(x),

⇑
|S⟩⟨S |

q̄′(0) Γµ b(0)
}
|B̄(pB)⟩

Standard sum rules technique

▶ Dispersion relation: Π(p2) = 1
π

∫∞
0

dω ImΠ(ω)
ω−n̄·p

▶ Quark-hadron duality ansatz: ImΠh(s) → ImΠpert(s), ωs = s0/n · p
▶ Borel transformation: n̄ · p → ωM = M2/n · p

f +BS(q
2) =

f̃BmB

mS f̄S
em

2
S/(n·p ωM )

∫ ωs

0

dω e−ω/ωMϕ+
B (ω) +O(αs)
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NLO correction

One loop correction diagrams

▶ Method of regions: M. Beneke and V.A. Smirnov, 9711391

hard, hard-collinear and soft regions have leading power contribution

soft region = ϕ(1) ⊗ T (0)
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NLO correction
One-loop diagrams for B meson DA

▶ Factorization: hard scale [O(mb)], hard-collinear scale [O(
√
mbΛ)]

and soft scale [O(Λ)]

Φ
(0)
bq̄ ⊗ T (1)

µ =
[
Π

(1),h
µ,weak +

(
Π

(1)
µ,bwf − Φ

(1)
bq̄,bwf ⊗ T (0)

µ

)]
+
[
Π

(1),hc
µ,weak +Π

(1),hc
µ,scalar +Π

(1),hc
µ,wfc

]
Π = f̃B(µ)mB C (n · p, µ)

∫ ∞

0

dω

ω − n̄ · p
J

(
µ2

n · p ω
,

ω

n̄ · p

)
ϕB(ω, µ)
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NLO correction

The scale dependence of the correlation functions at the one-loop order

d

d lnµ
Π+ γSΠ = O

(
α2
s

)
▶ Resummation: factorization scale µ ∼ O(

√
mbΛ) ∼ 1.5GeV ,

sum logs in C .

C̃ (+)(n · p, µ) = U1 (n · p, µh1, µ) C̃
(+) (n · p, µh1)

f̃B(µ) = U2 (µh2, µ) f̃B (µh2)

µh1 ∼ n · p, µh2 ∼ mb.
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Final expressions

f +BS
(
q2
)
=

mB

mS f̄S
em

2
S/(n·pωM )

[
U2 (µh2 , µ) f̃B (µh2)

]
×∫ ωs

0

dω′e−ω′/ωM

[
U1 (n · p, µh1 , µ) C̃

A,(+) (n · p, µh1)ϕ
+
B,eff (ω′, µ)

+
n · p −mB

mB
CA,(+)(n · p, µ)ϕ+

B (ω′, µ)

]
f −BS

(
q2
)
=

n · p
mS f̄S

em
2
S/(n·pωM )

[
U2 (µh2 , µ) f̃B (µh2)

]
×∫ ωs

0

dω′e−ω′/ωM

[
CA,(+)(n · p, µ)ϕ+

B (ω′, µ)
]

f TBS
(
q2
)
=
mB +mS

2mS f̄S
em

2
S/(n·pωM )

[
U2 (µh2 , µ) f̃B (µh2)

]
×[

U1 (n · p, µh1 , µ)C
T ,(+) (n · p, µh1)

] ∫ ωs

0

dω′e−ω′/ωMϕ+
B,eff (ω′, µ)
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B-meson LCDA

Three-parameter model: M. Beneke, V.M. Braun, Y. Ji and Y.-B. Wei, 1804.04962

ϕ+
B (ω, µ) = Uϕ (µ, µ0)

1

ωp+1

Γ(β)

Γ(α)
G(ω; 0, 2, 1)
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Borel parameter and effective threshold

▶ The continuum contributions need to be less than 50%.

▶ Form factors are insensitive to the variation of the Borel mass:

∂ ln f A,P,T
BS

∂ lnωM
≤ 35%.

0.82 0.84 0.86 0.88 0.90
0.0

0.2

0.4

0.6

0.8

ωM (GeV)

R
co
n
ti
n
u
u
m

0.30 0.35 0.40 0.45 0.50
0.0

0.1

0.2

0.3

0.4

0.5

0.6

ωM [GeV]

R
ω
M

L. S. Lu, IHEP B → S Shanghai, December 16, 2023 11



Numerical results

NLL reduces the scale dependence of the result
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Fit

zmap

Imq Im z2

Req Re z2

SL region branch cut int. dom.

ss - M +sΓs2
RF0

BCL parameterization:

f A,TBS =
1

1− q2/m2
Bq1

k=N−1∑
k=0

bA,Tk

[
z
(
q2, t0

)k − (−1)k−N k

N
z
(
q2, t0

)N]

f PBS =
1

1− q2/m2
Bq

k=N−1∑
k=0

bPk z
(
q2, t0

)k
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Fit

Dispersion relation of the form factors:

f ABS
(
q2
)
=

gBq1BS fBq1

2mBq1

(
1− q2/m2

Bq1

) +
1

π

∫ ∞

sA

ds
Im f ABS(s)

s − q2

The constraint from the strong coupling constant:

gBq1BS =
2mBq1

fBq1

lim
q2→m2

Bq1

[(
1− q2/m2

Bq1

)
f ABS

(
q2
)]

From LCSR, g
(tw2,LO)

Bq1Ba
+
0

= 0.0683129± 0.0146775.

L. S. Lu, IHEP B → S Shanghai, December 16, 2023 14



Fit

Red area: adding the strong coupling constant constraint.
Grey area: data points given only by LCSR.
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Phenomenology

LCSR: 0804.2204 QCDSR: 0509103 pQCD: 0811.2648

RS =
Γ (B → Sτν̄τ )

Γ (B → Sµν̄µ)
, Ra0(1450)

= 0.309 ± 0.032,

RK∗
0
(1430) = 0.337 ± 0.032.
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Summary

B → S form factors within B-meson LCSR

▶ Three-parameter model of B-meson LCDA

▶ NLL resummation at leading power

• Method of regions → factorization formula of correlation function

• RGE → NLL resummation

▶ z-series expansion: correlations, constraint of strong coupling
constant

▶ phenomenology: B → Sℓν̄ and B → Sνν̄

Thank you!
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