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Overview

● Dim. 6 operators with MFV
● Multi-Higgs-doublet models with natural flavor 

conservation
● Type II two Higgs doublet model
● Giudice-Lebedev model (+ modification)
● Models with a pNGB Higgs

Will consider the following 'selection' of models



 3

Motivation

A fit to the data where all Higgs couplings are fixed to their SM 
values except for one light-quark Yukawa at a time gives (Kagan, 
Perez, Petriello, Soreq, Stoynev, and Zupan [arXiv:1406.1722])

However, such large values are not likely to be obtained in a 
complete model.

This motivates a survey of models of new physics with viable flavor 
structures

Mod. Yukawas are interesting because, e.g.: DM, dipole moms., 
etc.
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Setup

CP
conserving

CP
violating

Flavor violatingFlavor diagonal

In the SM,             while

For lepton Yukawas, see, e.g.:
Dery, Efrati, Nir, Soreq, & Susic [arXiv:1408.1371]; Dery, Efrati, Hiller, 
Hochberg, & Nir [arXiv:1304.6727];  Dery, Efrati, Hochberg, & Nir 
[arXiv:1302.3229]
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Minimal Flavor Violation
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Dim. 6 operators with MFV

Coefficients are different,
→         &         are not simult. diagonalizable
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Coefficients of the D6 operators
Flavor basis

Mass basis

The Yukawas are then given by Flavor violating
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MHDM with NFC §

§ Glashow and Weinberg [ Phys.Rev. D15, 1958 (1977)]; Paschos [ Phys.Rev. 
D15, 1966 (1977)]

For N Higgs doublets with the Natural Flavor Conservation 
(NFC) assumption, only one Higgs doublet is allowed to 
couple to up-type and one to down-type fermions.

All the vevs must satisfy the sum rule

and the neutral scalar component of the ith doublet is

The fields h
i
 are linear combinations of the mass eigenstates

Finally, the Yukawas are modified by
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This is a special case of MHDM with NFC with

The mixing of h
u
 and h

d
 into the mass eigenstates h and H is given 

by

The up- and down-type quark Yukawas are then modified as 
follows

Type II 2HDM §

§ See, e.g., H. Haber and G. Kane [Phys.Rept. 117 (1985) 75-263];
J. Gunion, H. Haber, G. Kane, S. Dawson [Front.Phys. 80 (2000) 1-448]
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Higgs-dependent Yukawa couplings § 

§ G. Giudice and O. Lebedev [arXiv:0804.1753]

Ansatz: 

This fixes the expansion parameter 

The Yukawas take the form

Note that         are not diagonal in the mass basis
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GL2: a modified GL model

Why? Because in simplest GL,               and is excluded at 6.8σ (CMS)

Solution: extend Higgs sector →H
u
, H

d
 (i.e. like a Type II 2HDM)

Gives acceptable Higgs phenomenology provided that

Ansatz: 
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pNGB Higgs §

Assuming that the fermions couple linearly to composite operators 
(D. B. Kaplan [Nucl.Phys. B365 (1991) 259-278])

In the case where each SM fermion is coupled to only one 
composite operator (K. Agashe and R. Contino [arXiv:0906.1542]) 

With                                                   and

And so the corrections to the Yukawa couplings from these 
operators are flavor diagonal

§ Dugan, Georgi, and Kaplan [Nucl.Phys. B254, 299 (1985)]; Georgi, Kaplan, and Galison 
[ Phys.Lett. B143, 152 (1984)]; Kaplan, Georgi, and Dimopoulos [ Phys.Lett. B136, 187 (1984)] 
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pNGB Higgs – flavor violation
Flavor violation originates from the kinetic terms

These operators arise after integrating out vector resonances 
with mass

The NDA estimates for these contributions is

There is also a contribution the to the flavor diagonal Yukawas
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Predictions for the diag. up-type yukawas
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Predictions for the diag. down-type yukawas
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Predictions for the off-diagonal couplings

Up-type quarks

Down-type quarks



 17

Conclusions

● Modified light-quark Yukawa couplings in a 
selection of NP models do not saturate the 
bounds obtained from global fits

● In the models considered in this talk, flavor 
violating couplings are subleading to the flavor 
conserving ones
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