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FroggattNielsen(FN) mechanism with@ flavor symmetry focused

© Mp) isanomalous typically.
Such models are less discussed.



Flavor mass hierarchy in the Standard Model
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Standard Model of Elementary Particles

interactions / force carriers
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Flavommasshierarchy = Yukawa hierarchy

AYukawa couplind gives mass of an elementary particle via
spontaneous electroweak symmetry breaking:
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Hierarchal Yukawa obtained
by the FroggatiNielsen(FN) mechanism

AFN mechanism can explain hierarchy with natural parameter choices
[FroggattNielsen
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Is FN mechanism controlled bfp) ?

AYukawa coupling is invariant under\¥gp)

Mp) dYOQ TYh0O O9Q O0h'0°Q "h'YQ M
3 3 € & t&¢ T8

AChiral™(p) can beanomalous My & flavor symmetry!
Cf.DW problemof QCDaxion discrete gauge symmetry in string model

[Sikivid, [Berasalucegsonzalez et al]: See backup.



SUSY FN mechanism withinstead of U(1)

AModel: MSSM with Rarity +singletflavon”Y
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SUSY FN mechanism withinstead of U(1)

AModel: MSSM with Rarity +singletflavon”Y

o CN T Cm m '
Wan = T A S+ mAm_lg HuHa + Wermion Assumption:
G\ ) G\ " _ U has charge 2
WFermion — C;Lj (K) ﬂRiQLjHu + C?j (K) dR@'QLde
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AYukawa coupling structure given by
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1st difference betweero and’Y p

AFora® | 1 Is the smallest Yukawenodel variety Is limited
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2nd difference betweend and’Y p

AVanishing anomaly betweeai and the SM/gravity
& charge +® invariance for realistic hierarchynpdulo 4:

C i ‘ NH, + NH, 53(1+k), nQ3+3nL3 =3+ k, (P ES(RHU—FTLQS),
TX OO0 Nas = —k+ 3y, +1nQs)y  Nes =31 +np, +ng,), 2—L0=ny, +np,.

@ m+ng, +ng,=m+3(1+k)=0
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2nd difference betweend and’Y p

AVanishing anomaly betweeai and the SM/gravity
& charge +@ invariance for realistic hierarchynpdulo 4:

C“ nyg, +ng, =3(L+ k), ng, +3ng, =3+k, nu =3(ng, +ng,),
TX OO0 Nas = —k+ 3y, +1nQs)y  Nes =31 +np, +ng,), 2—L0=ny, +np,.

Q m A+ nm, +nm, =m+3(1+k) =0 VaTCuum s’tability Kill$
) Q m(a p)8
Y %’dx (the potential minimal
Y)Y ‘ Q pP & |« | =theEW vacuum)
:YTK) :YTG() 12 choi See parameter space for k=1 (m-
Y(p) Y(p) choices in backup
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12 choices of charge assignments

consistent with anomalies
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A numerical example for observables

(M, ey ms) = (0.001288,0.6268, 171.7),  (ma, ms, mp) = (0.002751, 0.05432, 2.853),
(me, my, my) = (0.0004866, 0.1027,1.746),  (ackw, sin 28ckm, Yexkm) = (1.518,0.6950, 1.240),

0.974461  0.224529 0.00364284
Verm| = 0.224379 0.97359  0.0421456
0.00896391 0.0413421  0.999105

Neutrino Am?, =737 x 1075,  Am2, = 2.56 x 1072,

& PMNS: sin® 1, = 0.297,  sin®fy3 = 0.425, sin® 613 = 0.0215.

0.02 Vs
Cutoff scale A ~ 500 TeV x (T) (10 TeV) .



A numerical example for couplings/masses



