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CONTENTS

Flavor changing neutral current(FCNC) processes: prominent tools in 

searching for new physics signals

Motivation

𝑏 → (s,d)ℓ+ℓ−
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Observables in B → Pℓ+ℓ−(𝑃 = 𝐾, 𝜋)

Motivation

2025/4/19

𝑑2Γ

𝑑𝑞2𝑑cos𝜃ℓ
= 𝑎ℓ(𝑞

2) + 𝑏ℓ (𝑞
2)cos 𝜃 + 𝑐ℓ (𝑞

2)cos2 𝜃Angular distribution

Forward-backward asymmetry and flat term
1

Γ

𝑑Γ

𝑑cos𝜃ℓ
=
3

4
1 − 𝐹𝐻

ℓ 1 − cos2 𝜃 +
1

2
𝐹𝐻
ℓ + 𝐴𝐹𝐵cos 𝜃

𝑑Γ

𝑑𝑞2
= 2[𝑎ℓ(𝑞

2) +
1

3
𝑐ℓ (𝑞

2)]Differential decay width

CP asymmetry

Isospin asymmetry asymmetry

𝐴𝐶𝑃 =
𝑑Γ 𝐵 → Kℓ+ℓ− /𝑑𝑞2 − 𝑑Γ 𝐵 → 𝐾ℓ+ℓ− /𝑑𝑞2

𝑑Γ 𝐵 → Kℓ+ℓ− /𝑑𝑞2 + 𝑑Γ 𝐵 → 𝐾ℓ+ℓ− /𝑑𝑞2

𝐴𝐼 =
Γ 𝐵0 → K0ℓ+ℓ− − Γ 𝐵− → 𝐾−ℓ+ℓ−

Γ 𝐵0 → K0ℓ+ℓ− + Γ 𝐵− → 𝐾−ℓ+ℓ−
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Branching ratios of B → Kℓ+ℓ−

Motivation

2025/4/19

B
𝐵+→𝐾+𝜇+𝜇−
1.1,2.0 ,𝑆𝑀

= 0.33 ± 0.03 × 10−7

B
𝐵+→𝐾+𝜇+𝜇−
4.0,5.0 ,𝑆𝑀

= 0.37 ± 0.03 × 10−7

B
𝐵+→𝐾+𝜇+𝜇−
5.0,6.0 ,𝑆𝑀

= 0.37 ± 0.03 × 10−7

B
𝐵+→𝐾+𝜇+𝜇−
1.1,2.0 ,𝐿𝐻𝐶𝑏

= 0.21 ± 0.02 × 10−7(4.0σ )

B
𝐵+→𝐾+𝜇+𝜇−

−
4.0,5.0 ,𝐿𝐻𝐶𝑏

= 0.22 ± 0.02 × 10−7(4.4σ )

B
𝐵+→𝐾+𝜇+𝜇−
5.0,6.0 ,𝐿𝐻𝐶𝑏

= 0.23 ± 0.02 × 10−7(4.0σ )

𝑅𝐾(∗) : lepton flavor universality

𝑅𝐾(∗) = B𝐵+→𝐾+𝜇+𝜇−/B𝐵+→𝐾+𝑒+𝑒− = 1 + 𝑂(𝛼𝑒𝑚, 𝑚𝜇
2)

[Albrecht etc. , 2107.04822]
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CP Asymmetries in B → Kℓ+ℓ−

Motivation

2025/4/19

Isospin Asymmetries in B → Kℓ+ℓ−

A ∼ 𝑉𝑡𝑏𝑉𝑡𝑠
∗ 𝑃 + 𝑉𝑢𝑏𝑉𝑢𝑑

∗ 𝑇

Sensitive to weak annihilation contribution

[Albrecht etc. , 2107.04822]
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B → πℓ+ℓ− :  larger CP and isospin asymmetry are expected

Motivation

2025/4/19

Measured branching ratio  [LHCb, 1505.00414]

BR(𝐵+ → 𝜋+ℓ+ℓ−) = 1.83 ± 0.24 ± 0.05 × 10−8

 Direct CP asymmetry  [LHCb, 1505.00414]

𝐴𝐶𝑃 𝐵+ → 𝜋+ℓ+ℓ− = −0.11 ± 0.12 ± 0.01
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Angular observables in B → K∗ℓ+ℓ−

Motivation

2025/4/19

∝
9

32𝜋
[
3

4
1 − 𝐹𝐿 sin2 𝜃𝐾 + 𝐹𝐿 cos

2 𝜃

+𝑆3 sin
2 𝜃𝐾 sin

2 𝜃ℓ cos 2𝜙 + 𝑆4 sin 2𝜃𝐾 sin 2𝜃ℓ cos𝜙

+𝑆8 sin 2𝜃𝐾 sin 2𝜃ℓ sin𝜙 +𝑆9 sin
2 𝜃𝐾 sin

2 𝜃ℓ sin 2𝜙]

Typical Angular observable 𝑃𝑖
′=

𝑆𝑖

𝐹𝐿 1−𝐹𝐿
; 𝑖 = 4,5,8

+
1

4
1 − 𝐹𝐿 sin2 𝜃𝐾 cos 2𝜃ℓ- 𝐹𝐿 cos

2 𝜃𝐾 cos 2𝜃ℓ

+𝑆5 sin 2𝜃𝐾 sin 𝜃ℓ cos𝜙 + 𝑆6 sin
2 𝜃𝐾 cos 𝜃ℓ +𝑆7 sin 2𝜃𝐾 sin 𝜃ℓ sin𝜙

𝑑2Γ

𝑑𝑞2𝑑cos𝜃ℓ𝑑cos𝜃𝐾𝑑𝜙
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B → Pℓ+ℓ−(𝑃 = 𝐾, 𝜋)

The local contribution 

QCD factorization for

2025/4/19

𝑂9𝑉 =
𝛼𝑒
4𝜋

( ҧ𝑠𝐿𝛾𝜇𝑏𝐿)(തℓ𝛾
𝜇ℓ)

𝑂10𝐴=
𝛼𝑒

4𝜋
( ҧ𝑠𝐿𝛾𝜇𝑏𝐿)(തℓ𝛾

𝜇𝛾5ℓ)

A𝑆𝑀
𝑙𝑜𝑐𝑎𝑙 ത𝐵 → 𝑃ℓ+ℓ− =

𝐺𝐹𝛼𝑒𝑚𝑉𝑡𝑏𝑉𝑡𝐷
∗

2𝜋
𝐶9𝐿𝑉

𝜇
+ 𝐶10𝐿𝐴

𝜇
F𝜇
𝐵→𝑃

F𝜇
𝐵→𝐾 = 𝐾 𝑝 ҧ𝑠𝛾𝜇 1 − 𝛾5 ത𝐵 𝑝 + 𝑞

Local Form factors 

Lattice: calculation at large 𝑞2+extrapolation 
[Bailey etc., 1509.06325; HPQCD, 2207.12468]

LCSR: calculation at small 𝑞2

[Cui etc., 2212.11624]

= [ 2𝑝 + 𝑞 𝜇−
𝑚𝐵
2 −𝑚𝐾

2

𝑞2
𝑞𝜇] 𝑓+(𝑞

2) +
𝑚𝐵

2 −𝑚𝐾
2

𝑞2
𝑞𝜇𝑓0(𝑞

2)
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B → Pℓ+ℓ−(𝑃 = 𝐾, 𝜋)

The nonlocal contribution

QCD factorization for

2025/4/19

A𝑆𝑀
nonloca𝑙 ത𝐵 → 𝑃ℓ+ℓ− =

𝐺𝐹𝛼𝑒𝑚

2𝜋

𝐿𝑉
𝜇

𝑞2
{𝑉𝑡𝑏𝑉𝑡𝐷

∗ 2𝑖𝑚𝑏𝐶7F𝑇𝜇
𝐵→𝑃 + 16𝜋2H𝜇

(𝑡)
+ 𝑉𝑢𝑏𝑉𝑢𝐷

∗ 16𝜋2H𝜇
(𝑢)

}

H𝜇
(𝑡)

= 𝑖𝑄𝑝∫ 𝑑
4𝑥𝑒𝑖𝑞⋅𝑥⟨𝑃 𝑝 𝑇 ҧ𝑝𝛾𝜇𝑝 𝑥 , 𝐻𝑒𝑓𝑓

𝑡 ത𝐵 𝑝 + 𝑞 ⟩

H𝜇
(𝑢)

= 𝑖𝑄𝑝∫ 𝑑
4𝑥𝑒𝑖𝑞⋅𝑥⟨𝑃 𝑝 𝑇 ҧ𝑝𝛾𝜇𝑝 𝑥 , 𝐻𝑒𝑓𝑓

𝑢 ത𝐵 𝑝 + 𝑞 ⟩𝐻𝑒𝑓𝑓
𝑡 = 𝐶1𝑄1

𝑐 + 𝐶2𝑄2
𝑐 + ∑𝐶𝑖𝑄𝑖 + 𝐶8𝑔𝑂8𝑔

𝐻𝑒𝑓𝑓
𝑢 = 𝐶1(𝑄1

𝑐−𝑄1
𝑢) + 𝐶2(𝑄2

𝑐−𝑄2
𝑢)
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B → Pℓ+ℓ−(𝑃 = 𝐾, 𝜋)

The nonlocal form factor

QCD factorization for

2025/4/19

H𝜇
𝐵→𝑃 = 𝑖𝑄𝑝∫ 𝑑

4𝑥𝑒𝑖𝑞⋅𝑥⟨𝑃 𝑝 𝑇 ҧ𝑝𝛾𝜇𝑝 𝑥 , 𝐶1𝑄1
𝑝
+ 𝐶2𝑄2

𝑝
+ ∑𝐶𝑖𝑄𝑖 + 𝐶8𝑔𝑂8𝑔 ത𝐵 𝑝 + 𝑞 ⟩

 Large recoil region                                 : light-cone OPE

 Small  recoil region                       : local OPE (assuming quark hadron duality)

 Resonance region: violation of quark hadron duality

A. Khodjamirian etc., 1006.4945 N. Gubernari etc., 2011.09813

B. Grinstein etc., hep-ph/0404250 M Beylich etc., 1101.5118
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B → Pℓ+ℓ−(𝑃 = 𝐾, 𝜋)

The nonlocal form factor: leading power contribution at Large recoil region

QCD factorization for

2025/4/19

 Soft form factor

 Hard spectator scattering

 Annihilation 

𝑞2∈ [1−7]GeV2

[Beneke etc., hep-ph/0106067;  Ali etc. hep-ph/0601034]
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B → Pℓ+ℓ−(𝑃 = 𝐾, 𝜋)

Arriving at a complete leading power  study at

QCD factorization for

2025/4/19

𝑂(𝛼𝑠)

Penguin operator 
insertion 

 NLO correction at leading power
 Soft-collinear factorization
 More pronounced for B → πℓ+ℓ−
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 Factorization formula

NLO annihilation contribution

2025/4/19

T𝑃,anni
(𝑢,𝑡)

𝑞2 = −
𝜋2

𝑁𝑐

෨𝐹𝐵𝑓𝑃
𝑚𝐵

෍

𝑚=±

න
0

∞𝑑𝜔

𝜔
න
0

1

𝑑𝑢 𝑇𝑃,𝑚
𝑡,𝑢 𝜔, 𝑢, 𝜇 𝜙𝐵,𝑚 𝜔, 𝜇 𝜙𝑃(𝑢, 𝜇)

𝐽𝑚 ⊗∑𝐶𝑖𝐻𝑖

 strategy of the calculation: two step matching

QCD → SCETI → SCETII

∑𝐶𝑖𝐻𝑖 𝐽𝑚

H𝜇
(𝑡,𝑢)

=
𝑚𝑏

4𝜋2𝑚𝐵
T𝑃
(𝑡,𝑢)

𝑞2 [𝑞2 2𝑝 + 𝑞 𝜇 − (𝑚𝐵
2 −𝑚𝐾

2 )𝑞𝜇]
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 hard function

NLO annihilation contribution

2025/4/19

𝑄𝑖 = 𝐻𝑖
𝐼 ∗ 𝑂 𝐴0 +𝐻𝑖

𝐼𝐼 ∗ 𝑂 𝐵1

 the method [0911.3665,2002.03262] 
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 Jet function from A-type operators 

NLO annihilation contribution

2025/4/19

0 𝑇 𝑗𝑒𝑚
2
, 𝑂 𝐴0 ത𝐵

𝐹𝑇
+ 0 𝑇 𝑗𝑒𝑚

0
, ∫ 𝑑4𝑦𝑖L𝜉𝑞

(2)
𝑦 , 𝑂 𝐴0 ത𝐵

𝐹𝑇
=

1

2
ሚ𝑓𝐵𝑚𝐵

𝐽−
𝐴0

ത𝑛⋅𝑞−𝜔
⊗𝜙𝐵

−
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 Jet function from B-type operators 

NLO annihilation contribution

2025/4/19

0 𝑇 𝑗𝑒𝑚
0
, ∫ 𝑑4𝑦𝑖L𝜉𝑞

(1)
𝑦 , 𝑂 𝐵1 ത𝐵

𝐹𝑇
=
1

2
ሚ𝑓𝐵𝑚𝐵 ∑𝐽+

𝐵1
⊗𝜙𝐵

+
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 Resummation of large logarithms

NLO annihilation contribution
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𝑑

𝑑𝑙𝑛𝜇
𝐶𝑖𝐻𝑖 𝑢, 𝜇 = [−Γ𝑐𝑢𝑠𝑝 𝛼𝑠 ln

𝜇

𝑚𝑏
+ 𝛾ℎ(𝛼𝑠)] 𝐶𝑖𝐻𝑖(𝑢, 𝜇) − ∫0

1
𝑑𝑣Γ𝐸𝑅𝐵𝐿 (𝑣, 𝑢, 𝛼𝑠) 𝐶𝑖𝐻𝑖(𝑣, 𝜇)

⇒ 𝐶𝑖 𝐻𝑖(𝑢, 𝜇) = 𝑒𝑆ℎ 𝜇ℎ,𝜇
𝜇ℎ
𝑚𝑏

−𝑎 𝜇ℎ,𝜇

න
0

1

𝑈ERBL 𝑣, 𝑢, 𝜇ℎ, 𝜇 𝐶𝑖𝐻𝑖(𝑢, 𝜇ℎ)

Hard function

Jet function

𝑑

𝑑𝑙𝑛𝜇

𝐽− 𝑛 ⋅ 𝑞, 𝜔, 𝜇

ത𝑛 ⋅ 𝑞 − 1
= [Γ𝑐𝑢𝑠𝑝 𝛼𝑠 ln

ො𝜇2

𝜔
+ 𝛾ℎ𝑐(𝛼𝑠)] 𝐽− 𝑛 ⋅ 𝑞, 𝜔, 𝜇 − ∫ 𝑑𝜔′𝜔Γ𝐿𝑁,−(𝜔

′, 𝜔, 𝛼𝑠)
𝐽− 𝑛 ⋅ 𝑞, 𝜔, 𝜇

ത𝑛 ⋅ 𝑞 − 1

⇒
𝐽− 𝑛 ⋅ 𝑞, 𝜔, 𝜇

ത𝑛 ⋅ 𝑞 − 1
𝑒𝑆ℎ 𝜇ℎ𝑐,𝜇 න

0

∞𝑑𝜔′

𝜔′

Ƹ𝜇ℎ𝑐
𝜔′

𝑎 𝜇ℎ𝑐,𝜇

𝑈𝐿𝑁,−(𝜔
′, 𝜔, 𝜇ℎ𝑐 , 𝜇)

𝐽− 𝑛 ⋅ 𝑞, 𝜔, 𝜇𝑐

ത𝑛 ⋅ 𝑞 − 1



 Convergence of the convolution

NLO annihilation contribution
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න
0

∞ 𝐽− 𝑛 ⋅ 𝑞, ത𝑛 ⋅ 𝑞, 𝜔, 𝜇

ത𝑛 ⋅ 𝑞 − 𝜔
𝜙𝐵
− 𝜔 and න

0

∞

𝐽+ 𝑛 ⋅ 𝑞, ത𝑛 ⋅ 𝑞, 𝜔, 𝜇 𝜙𝐵
+ 𝜔

 𝜔 → 0

𝜙𝐵
− 𝜔 ∼ 1, 𝐽− 𝑛 ⋅ 𝑞, 𝜔, 𝜇 ∼ 1 𝜙𝐵

+ 𝜔 ∼ 𝜔, 𝐽+ 𝑛 ⋅ 𝑞, 𝜔, 𝜇 ∼ 1

 𝜔 → ∞

𝜙𝐵
± 𝜔 ∼

1

𝜔
ln
𝜇

𝜔
𝐽− 𝑛 ⋅ 𝑞, ത𝑛 ⋅ 𝑞, 𝜔, 𝜇 ∼ ln2

𝜔

ത𝑛 ⋅ 𝑞 𝐽+ 𝑛 ⋅ 𝑞, ത𝑛 ⋅ 𝑞, 𝜔, 𝜇 ∼
1

𝜔
ln

𝜔

ത𝑛 ⋅ 𝑞



 effective Wilson coefficient

Phenomenology

2025/4/19

C9
𝑖 = 𝐶9𝛿

𝑖𝑡 +
2𝑚𝑏

𝑚𝐵

T𝑃
(𝑖)

𝑚𝐵
, 𝑖 = 𝑢, 𝑡

 C9
𝑢 in 𝐵 → 𝜋ℓ+ℓ−: 

NLO WA contribution brings about 35% 

reduction for real part, and 15% reduction 

for imaginary part

 C9
𝑡 in 𝐵 → 𝜋ℓ+ℓ−: 

Only 3% corrections to T𝑃
(𝑡)
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 Branching ratios：

WA brings negligible corrections

Phenomenology

2025/4/19

 CP asymmetries in 𝐵 → 𝜋ℓ+ℓ−

 CP asymmetries in 𝐵 → 𝐾ℓ+ℓ−

𝑞2 [1.1,2.0] [2.0,3.0] [2.0,3.0] [4.0,5.0] [5.0,6.0]

𝐵− → 𝐾−ℓ+ℓ− 1.08−0.26
+0.09 0.67−0.26

+0.09 0.44−0.19
+0.12 0.33−0.14

+0.12 0.27−0.11
+0.10

ത𝐵0 → ഥ𝐾0ℓ+ℓ− 0.01−0.12
+0.08 0.04−0.11

+0.07 0.06−0.10
+0.07 0.08−0.10

+0.07 0.09−0.09
+0.07
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 Isospin asymmetry

Phenomenology
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 NLO WA brings about 25% 

shift of 𝐴𝐼 in 𝐵 → 𝜋ℓ+ℓ−

𝐴𝐼 in 𝐵 → 𝜋ℓ+ℓ− is 3-6 times 

larger than 𝐵 → 𝐾ℓ+ℓ−



We established the factorization formula for the weak annihilation 

contribution in 𝐵 → 𝑃ℓ+ℓ− at leading power,  and calculated NLO 

perturbation functions

Summary and outlook
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 NLO weak annihilation contribution can bring sizable correction to the 

CP asymmetry and isospin asymmetry.

 The power suppressed contributions, such as long distance quark loop 

diagram, may have large impact on many observables


