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Introduction

■ The SM can explain almost all the exp. data

■ However, there are some problems

- fermion mass hierarchy

- charge quantization

- dark matter

- ...

■ These are hints of physics beyond the SM
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Introduction

■ Fermion mass hierarchy

■ How obtain these hierarchy?
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Introduction

■ We consider U(1)’ extended model

flavored Z’ model

■ New particles

・new gauge boson, Z’ ( U(1)’ gauge sym.)

・physical modes in Higgs doublets
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 all fermions have flavor dependent charges

 new Higgs doublets for Yukawa couplings

 many physical modes (e.g. charged Higgs, ...)

P. Ko, Y. Omura, YS, C. Yu, PRD 95, 115040 (2017)

 can explain SM fermion mass hierarchy
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Introduction

■ These particles cause FCNC processes

- U(1)’ charges are flavor dependent

- tree level processes

Y. Shigekami LHCb anomaly and B physics in flavored Z' models with flavored Higgs doublets

Affect flavor physics
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Introduction

■ We focus on B physics

・b  sll （R(K)）

・ΔMBs

・ B  Xsγ

・ R(D)、R(D*)

■ Can our model explain these obs.?
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Model



Flavored Z’ Model

■ Charge assignment

Y. Shigekami LHCb anomaly and B physics in flavored Z' models with flavored Higgs doublets

New gauge sym.

a = 1, 2; A = 2, 3; i = 1, 2, 3

P. Ko, Y. Omura, YS, C. Yu, PRD 95, 115040 (2017)

 In this work,
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Flavored Z’ Model

■ Charge assignment

Y. Shigekami LHCb anomaly and B physics in flavored Z' models with flavored Higgs doublets

New gauge sym.

a = 1, 2; A = 2, 3; i = 1, 2, 3New SM singlet scalar

3 Higgs doublets

P. Ko, Y. Omura, YS, C. Yu, PRD 95, 115040 (2017)

 In this work,
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Flavored Z’ Model

■ Scalar potential (renomarlizable level)

■ Integrate H1 out：
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0 0

Flavored Z’ Model

■ Scalar potential (renomarlizable level)

■ Integrate H1 out：

Higgs VEVs

 For fermion mass hierarchy,
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large tanβ & small



Flavored Z’ Model
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■ Yukawa terms

■ Fermion Yukawa couplings

a = 1, 2; A = 2, 3; i = 1, 2, 3
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Flavored Z’ Model
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■ Fermion masses

each elements:

Important for
flavor physics


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Flavored Z’ Model

■ Yukawa couplings with charged Higgs
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Flavored Z’ Model

■ Yukawa couplings with charged Higgs
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Flavor-violating
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■ Z’ couplings

interaction basis

mass basis

Flavored Z’ Model
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■ Z’ couplings

interaction basis

mass basis

Flavored Z’ Model
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Flavor-violating couplings
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Flavored Z’ Model

■ Z’ couplings

■ The size of each gij
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Flavor Physics Involving b

■ Flavor-violating processes
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Flavor Physics Involving b

■ Flavor-violating processes
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b  sll, ΔF=2 R(D(*))

b  sγ



Flavor Physics Involving b

■ b  sll

■ ΔF=2

Y. Shigekami LHCb anomaly and B physics in flavored Z' models with flavored Higgs doublets

exp. bounds

T. Hurth, F. Mahmoudi, and S. Neshatpour, NPB 909, 737 (2016)
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b  sll & ΔF=2 process

Y. Shigekami LHCb anomaly and B physics in flavored Z' models with flavored Higgs doublets

Allowed region for red: C9
μ, cyan: C10

μ, green: Bs-Bsbar mixing

S. Aoki et al., EPJC 77, 112 (2017).
Y. Amhis et al. [HFAG], arXiv:1412.7515 [hep-ex].

qe=3/2 qe=-3
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b  sll & ΔF=2 process

Y. Shigekami LHCb anomaly and B physics in flavored Z' models with flavored Higgs doublets

Allowed region for red: C9
μ, cyan: C10

μ, green: Bs-Bsbar mixing

T. Hurth, F. Mahmoudi, and S. Neshatpour, NPB 909, 737 (2016)

qe=3/2 qe=-3

15

S. Aoki et al., EPJC 77, 112 (2017).
Y. Amhis et al. [HFAG], arXiv:1412.7515 [hep-ex].



Flavor Physics Involving b

■ B  Xsγ

Y. Shigekami LHCb anomaly and B physics in flavored Z' models with flavored Higgs doublets

Loop integrals:
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B  Xs γ

Y. Shigekami LHCb anomaly and B physics in flavored Z' models with flavored Higgs doublets

cyan band: experimental results (HFAG, arXiv:1412.7515)

gray line: tanβ= 50, (Gu
R)ct = -10-3（ for R(D(*))）
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Note: coupling of charged Higgs



Flavor Physics Involving b

■ R(D) & R(D*)

Y. Shigekami LHCb anomaly and B physics in flavored Z' models with flavored Higgs doublets

SM & our model coef.:
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R(D) & R(D*)
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(tanβ= 10)

(tanβ= 5)

Ellipse  1σ results for the Bell (blue), BABAR (black), HFAG (red)

cyan band: LHCb 1σ result

Belle: PRD 92, 072014 (2015); 
arXiv:1603.06711 [hep-ex].

BABAR : PRL 109, 101802 (2012); 
PRD 88, 072012 (2013).

HFAG: arXiv:1412.7515 [hep-ex].
LHCb: PRL 115, 111803 (2015).
SM pred.: PRD 92, 054510 (2015);

PRD 85, 094025 (2012).
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Summary

■ We consider U(1)’ extended model

new Higgs doublets  can explain fermion masses

■ There are flavor-violating couplings:

■ focus on B physics mediated by Z’ and H±

b  sll & ΔF=2：can explain simultaneously

B  Xsγ：mH±＞ 500 (300) GeV, tanβ=10 (5)

R(D) & R(D*)：hard to explain

Y. Shigekami LHCb anomaly and B physics in flavored Z' models with flavored Higgs doublets 20

Tree-level FCNCs



Buck up



Comment

■ In this model, (t,c)-element becomes large

if the sensitivity of LHC is improved,

this model can be tested via t  ch channel

Y. Shigekami LHCb anomaly and B physics in flavored Z' models with flavored Higgs doublets 21

Note: if sin(α-β)<0.1, our model is safe for the LHC bound



Extra matters
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Yukawa couplings

■ Yukawa couplings
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Up-type Down-type

(S = h, H, A)

23



Flavor Physics Involving b

■ input parameters
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from PDG [73]
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