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[Rept.Prog.Phys. 87 (2024) 7, 077802]

LHCb
[JHEP 09 (2024) 026]

LHCb
[PRL 132 (2024) 13, 131801]
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𝑏 → 𝑠 anomalies



Introduction

CMS [arXiv: 2408.00678]
HFLAV [arXiv: 2411.18639v1]
LHCb    [PRL 134 (2025) 6, 061801]
Belle-II  [PRD 110 (2024) 7, 072020]
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𝑏 → 𝑐 anomalies



Interpretation of Data (1)

• Weak effective Hamiltonian at μ = 4.8 GeV

• The set of operators (   = μ, e)

Confirmed to be negligible 

• New physics effects: 

Deviations from SM Wilson coefficients

➢Observables

➢ LFU, Branching ratios, Angular obs. in large recoil bins

➢ LHCb, CMS, ATLAS, BaBar, Belle

➢ Inclusive decays, Exclusive radiative/(semi-)leptonic decays, 

➢ Total: more than 200 observables

➢NP Scenarios
➢ Scenario-I: muon-specific

➢ Scenario-II: lepton-universal

➢ Scenario-III: lepton-specific

Only 𝚫𝐂𝟕 and 𝚫𝐂𝟖 vanish 

➢ Scenario-IV: full scenario

All coefficients allowed 
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Interpretation of Data (2)

Before Dec. 2022 After Dec. 2022

➢ We carried out a 20-D fits

➢ Both old and new fits imply NP 

exists in 𝜟𝑪𝟗
𝝁

in various fitting 

scenarios

➢ Both old and new fits imply: NP 

possibility in 𝜟𝑪𝟏𝟎
𝝁

is less hopeful

Q. Wen & F. Xu
[PRD 108 (2023) 9, 095038]
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Ordinary 2HDM
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Model Introduction

vanish in SM limit
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U(1) Symmetry: The Guarantee of Yukawa

Anomaly cancellation condition 2 model parameters

Extreme case:
flavor universality:
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Scalar Part
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Kinetic terms (1)

Scalar kinetic terms:

• Gauge bosons mass:

Fermion kinetic terms:
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Kinetic terms (2)

FCNC:

SM-like: 

FCNC:
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Phenomenology: b →c

S. Iguro et al., Phys.Rev.D 110 (2024) 7, 7 
C. Murgui et al., JHEP 09 (2019) 103

➢ Input

➢ Formulas ➢ Model

FG2HDM:

2HDM-II: 

➢ Quadrant
Chuan-Hung Chen et al., Eur.Phys.J.C 77 (2017) 9, 631
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Phenomenology: b →s

𝑏 → 𝑠ℓ+ℓ−

parameters:
1. charge
2. g’/mZ’

3. sin𝜃2
′

𝐵𝑠
0 − 𝐵𝑠

0
mixing

parameters:
1. heavy mass
2. sin(𝛼 − 𝛽)

parameters:
1. heavy mass
2. sin(𝛼 − 𝛽)
3. tan𝛽
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EWPOs & Higgs decays

➢ NP effects

➢ EW model parameters

parameters:
1. charge
2. g’
3. sin𝜃2

′

➢ Higgs decay (signal strengths):

unity in the model

➢ NP effects

parameters:
1. sin(𝛼 − 𝛽)
2. tan𝛽

➢ Measurements

CMS
[PRL 131 (2023) 4, 041801]
[Nature 607 (2022) 7917, 60-68]
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Numerical analysis (1)

charge current constraints from b →c

why Barbar claims 2HDM-II is not preferred

w/o 𝐵𝑐→ 𝜏𝜈

model independent FG2HDM

➢ Inputs

➢ Quadrant
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Numerical analysis (2)

neutral current constraints form b →s

1. SM-like scenario prefers larger Z’ 
mass.

2. overlap region enlargers when Δ𝒬
decreases.

3. more stringent constraint from 
mixing

➢ Inputs

Q. Wen & F. Xu, PRD 108, 095038 (2023)

PDG 24’ 

combining LHCb [PRL 132 (2024) 5, 051802] 
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Numerical analysis (3)

constraints form EWPOs

➢ Inputs
Patrick Janot & Stanisław Jadach

[PLB 803 (2020) 135319]

SLD

[Phys. Rept. 427 (2006) 257-454]

[PRL 84 (2000) 5945-5949]

[PRL 86 (2001) 1162-1166]

[PRL 85 (2000) 5059-5063]

[PRL 78 (1997) 17-21]

BGL forbidden:

1. Z-pole measurements suggest that solutions for constrained U (1)′charges exist albeit within a narrow 
parameter.

2. The elements of correlation matrix and the auxiliary relation indicate that the BGL symmetry remains 
compatible with current EW data.



Numerical analysis (4)

constraints form Higgs decays

CMS
[PRL 131 (2023) 4, 041801]
[Nature 607 (2022) 7917, 60-68]

➢ Input

1. The value of tanβ in the vicinity of the relatively large global minimum decreases as sin(α-β) deviates 
further from unity.

2. The SM limit sin(α-β) → 1 suggests the existence of another local minimum with tanβ < 1. 
3. Global minimum suggests the value of tanβ > 10.
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Numerical analysis (5)

Combined constraints

➢ Settings:

• Under a SM-like scenario, there are still plenty of solutions for 

simultaneously existing scalar & vetor mediated interactions.

• We may safely conclude 3 explicit boundaries of typical model 

parameters                             that

.
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Summary

• Within FG2HDM, special flavor symmetry designed as a guarantee to Yukawa 
texture.

• The tension between 𝑅𝐷(∗) and 2HDM-II is alleviated by flipping a sign in 
FG2HDM.

• The FCNC in down quark induced by neutral Higgs and Z’ can address neutral 
current anomalies.

• There are plenty of allowed parameter space to accommodate both types of       
B anomalies, EW Z-pole data, and Higgs decays.

• 3 explicit boundaries of typical model are rendered that

.
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