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Froggatt-Nielsen(FN) mechanism with a ὤ flavor symmetry focused.

Ӫ Ὗρ is anomalous typically.
Such models are less discussed.



Flavor mass hierarchy in the Standard Model
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Why?
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Flavor mass hierarchy = Yukawa hierarchy

ÅYukawa coupling ώ gives mass of an elementary particle via 
spontaneous electroweak symmetry breaking:

︡ ώ ὟὗὌ ᴼ ώ ὌὟὗ ḳά Ὗὗ
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Hierarchal Yukawa obtained 
by the Froggatt-Nielsen(FN) mechanism

ÅFN mechanism can explain hierarchy with natural parameter choices
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The more Ὓin ώ , 

the smaller Yukawa for ρ.



Is FN mechanism controlled by Ὗρ ? 

ÅYukawa coupling is invariant under a Ὗρ :
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ÅChiral Ὗρ can be anomalousҦ ὤ flavor symmetry!

Cf. DW problem of QCD axion, discrete gauge symmetry in string model
[Sikivie], [Berasaluce-Gonzalez et al]: See backup.



SUSY FN mechanism with ὤ instead of U(1)

ÅModel: MSSM with R-parity + singlet flavonὛ

Åὤ invariance modulo 4 with ὛO Ὡ ȾὛȟɮ ᴼὩ Ⱦɮ :

τ

τ



SUSY FN mechanism with ὤ instead of U(1)

ÅModel: MSSM with R-parity + singlet flavonὛ

ÅYukawa coupling structure given by :

ὣ ὧ  ȟ ḧ
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Assumption:
ὔ has charge 2

ὧ ὕρȢ
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1st difference between ὤ and Ὗρ

ÅFor ὤ  is the smallest Yukawa; model variety is limited  
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ÅRealistic flavor structure with Ὧ πȟρ(ὨȟὩ) & ὰ πȟρȟςȟσ(’)
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2nd difference between ὤ and Ὗρ

ÅVanishing anomaly between ὤ and the SM/gravity

+ ὤ invariance for realistic hierarchy (modulo 4):ὤ charge
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24 choices



2nd difference between ὤ and Ὗρ

ÅVanishing anomaly between ὤ and the SM/gravity

+ ὤ invariance for realistic hierarchy (modulo 4):ὤ charge
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12 choices
See parameter space for k=1 (m=2) 
in backup.

Vacuum stability kills
Ὧ πά ρȢ

(the potential minimal 
= the EW vacuum)



12 choices of charge assignments 
consistent with anomalies

If Ὗρ is embedded into Ὗρςὲ,
no ὤ Ὗρ anomaly exists. 



A numerical example for observables

Neutrino 
& PMNS:

Cutoff scale



A numerical example for couplings/ὔ masses


