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Outline

• Mass hierarchies in the SM

• Froggatt-Nielsen approach

• Froggatt-Nielsen UV completion

• Peccei-Quinn symmetry & flavored 

axion

• Flavor non-diagonal axion couplings

• Flavor non-diagonal Higgs couplings



Mass Hierarchies in the SM

CPEP SM poster

mu ∼ 10−3mc ∼ 10−5mt

me ∼ 10−3mμ ∼ 10−4mt

md ∼ 10−1ms ∼ 10−3mb



Froggatt-Nielsen approach to 
hierarchies

ε =
⟨ϕ⟩
Λ

ε ∼ 0.2CKM:

FN Effective Lagrangian

Fermion mass matrix elements



Froggatt-Nielsen with texture 
zeroes in the quark sector

FN Effective Lagrangian

Leading order

Fermion mass matrix elements

Note: Two Higgses 👀



Type-I seesaw UV completion



Type-II UV completion 

Mass Matrix reparametrization

mu/d



Lepton sector FN

Type-I seesaw

A2 texture zero matrix



Numerical fit to fermion 
masses and mixings

Quark sector



Numerical fit to fermion 
masses and mixings

Lepton sector



Peccei-Quinn symmetry

axion

SU(3)xSU(3)x U(1)PQ anomaly 

Anomalous couplings to photons, gluons

Anomalous couplings suppressed wrt SU(5) axions



Flavored axion couplings

K+ → π+a

fa > 7 × 109 GeV

E949 limit on Kaon decay
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“Flaxion”, “axiflavon”, “flavored axion”,…



Higgs Flavor non-diagonal 
couplings

ℒ ⊃ h0uαuβ

t → hc , h → bs

x
Current constraint

Projected constraints



Collider limits



Summary
• Fermion mass hierarchy from U(1) FN

• Axions from U(1)

• DM, Strong CP

• Axion pheno in rare meson decays

• Higgs pheno in colliders
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