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𝑅𝑅𝐷𝐷(∗) anomalies

BABAR (ST)

BABAR (HT) 2012

Belle (ST)

Belle (HT) 2015

LHCb 2015

ST and HT refer to the measurements with semileptonic and hadronic tags, respectively.

Exceed SM

HFLAV 2019
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𝑅𝑅𝐾𝐾(∗) anomalies

3.1𝜎𝜎

R. D. Moise, Moriond 2021

[PRL 126 (2021) 161801]
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Muon 𝑔𝑔 − 2

PRL 126 (2021) 141801

T. Aoyama. et al.,
Phys. Rept. 887(2020) 1-166

∆𝑎𝑎𝜇𝜇 = (251 ± 59) × 10−11

∆𝑎𝑎𝜇𝜇 = (230 ± 69) × 10−11(FNAL)
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2HDMs

(Lepton-specific)
(Flipped)
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• Yukawa: too many parameters
• Cost: Dangerous FCNHs introduced

Designed symmetry can be extended but limited parameters added 

Type Ⅲ 2HDM



Flavor Gauged 2HDM:

Flavor-dependent U(1)’ gauge symmetry

Anomaly cancellation conditions Only two model parameters left

Quark sector:

Lepton sector:
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Flavor Gauged 2HDM: U(1)’ symmetry



Flavor Gauged 2HDM :

Generic potential without 𝑚𝑚12 and 𝜆𝜆5 terms

• 2 Exotic introduced: 𝐻𝐻± and 𝐻𝐻0

• 3 Goldstone boson eaten by 𝑊𝑊± 、𝑍𝑍、
new gauge boson 𝑍𝑍𝑍
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Flavor Gauged 2HDM: Scalar potential



Flavor Gauged 2HDM: Yukawa interacion

Flavor mixing scalar coupling only happens in down-type quark sector.
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Flavor Gauged 2HDM: Gauge boson
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In an extreme case: 

Flavor mixing gauge coupling only happens in down-type quark sector too.

Flavor Gauged 2HDM: Gauge boson



anomalies in FG2HDM 
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S. Fajfer. , Phys. Rev. D 85 (2012) 094025

Correlated process:
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anomalies in FG2HDM The result of
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General case:
C. Bobeth. et al. , 
JHEP 12 (2007) 040FG2HDM case:

anomaly in FG2HDM 

𝑍𝑍𝑍

𝑍𝑍𝑍
𝐻𝐻0
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Form factor: 

A.J.Buras. et al. , JHEP 01 (2009) 019

G.Burdman. , Phys.Rev D 63 (2001) 113008

M.Beneke. , Nuclear Physics B 612 (2001) 25–58

anomaly in FG2HDM 

𝑍𝑍𝑍

𝐻𝐻0
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𝐵𝐵𝑠𝑠 → 𝜇𝜇+𝜇𝜇− in FG2HDM

A.J.Buras. et al. , JHEP 01 (2009) 019

NP:

𝑍𝑍𝑍𝐻𝐻0
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Parameter space scan result for , &
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1-loop:

A.Cherchiglia. et al. , JHEP 01 (2017) 007

2-loop:

in FG2HDM 



Summary
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• FG2HDM, a type of flavor gauged 2HDM, is proposed.
• Only two exotic Higgs bosons and one gauge boson are added into 

particle spectrum.
• In an extreme case of 2HDM,

FCNC, FCNH can occur in down type quark sector on tree level;
𝑅𝑅𝐷𝐷(∗) contributed form Charged Higgs 𝐻𝐻+ still have lots of living rooms;
𝑅𝑅𝐷𝐷(∗) and 𝑅𝑅𝐾𝐾(∗) anomalies can be accommodated at 1𝜎𝜎 level;
1-Loop contribution of exotic Higgs are small, up to 10−10 for low tan𝛽𝛽;
𝑅𝑅𝐷𝐷(∗) ,𝑅𝑅𝐾𝐾(∗)and ∆𝑎𝑎𝜇𝜇 are likely to be explained at 1𝜎𝜎 level for large tan𝛽𝛽.

• More generals cases to be explored...
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