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The SM and its Freedom
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The SM and its Freedom

 NP + ?
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The SM and its Freedom
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Flavour Symmetries QL ≡ (uL, cL, tL) ~ 3 
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The SM and its Freedom

Free Parameters Gauge Flavour

SM 3+1 Masses: 3+3+3
Mixings: 3+1
Scalar: 2

SM+νR 3+1 Masses: 3+3+3+3
Mixings: (3+1)x2
Scalar: 2
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The SM and its Freedom
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Flavour Symmetries

“SO(2)” “SO(3)”

Enlarging the 
Symmetry leads to 

more restrictive cases
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Flavour Symmetries
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Quark Flavour Hierarchies

Blatantly Stolen 
from Steve King

Masses
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Quark Flavour Hierarchies

Blatantly Stolen 
from Steve King

CKM PMNS

Mixing Hierarchies
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Quark Flavour Hierarchies
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D4 Symmetry

Group Theory
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D4 Symmetry

Group Theory
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D4 Symmetry

Model
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D4 Symmetry

D4-Symmetric 4HDM

Model
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D4 Symmetry

No Extra Energy Scales: All contribute to EWSB

Model
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D4 Symmetry

Model
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D4 Symmetry

β

Model



20 7th IDPASC PhD Student Workshop - Miguel Levy 07/07/2022

D4 Symmetry

Block-Diagonalization
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D4 Symmetry

Block-Diagonalization
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D4 Symmetry

Block-Diagonalization
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D4 Symmetry

Full Diagonalization
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D4 Symmetry

Full Diagonalization
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D4 Symmetry

Full Diagonalization
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D4 Symmetry

+

=

Goal:
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D4 Symmetry

Can we do it?
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D4 Symmetry

Can we do it?
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D4 Symmetry

Can we do it?

Well, yes
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D4 Symmetry

Can we do it?

Well, yes
But Why?
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Summary

Why we did it:

Aesthetics:
● Dillution of the Quark Yukawa hierarchies
● Relating Quark mass hierarchies to CKM hierarchies
● Connected Quark Masses and Mixings to Scalar Sector

Observable Consequences:
● FCNCs
● Extra Higgs Phenomenology
● Small Parametric Space
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The End?

Thank You For 
Your Attention!
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The End?

Back-Up Slides
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The End?

FCNCs
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The End?

Scalar Potential
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The End?

Escaping Bounds
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