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Flavour Problem

What is the origin of Quark
and Lepton Mixing?
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Flavour Symmetries

* Continuous Abelian: Froggatt-Nielsen (@} ) Hff Froggatté&Nielsen 1979

A
* Continuous non-Abelian: SO(3) Wu 1998
* Discrete Abelian: y — 7 reflection Xing&Zhao’s review 2015
* Discrete non-Abelian: A4, S4, A5 Altarelli&Feruglio’s review 2010

* Modular Symmetry Feruglio 2017




Discrete Symmetries

A,: rigid rotation group of a tetrahedron

* 4 rotations by 120° clockwise (e.g. AB)
* 4 rotations by 120° anti-clockwise (e.g. AB)

* 3 rotations by 180° (e.g. CD)
* 1 unit operator

S, rigid rotation group of a cube

* 12 A, transformations

* 3 rotations by 90° clockwise (e.g. CD)
* 3 rotations by 90° anti-clockwise (e.g. CD)
* 6 rotations by 180° (e.g. EF)

King’s review 2017




Discrete Symmetries
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Vacuum Structure
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Vacuum Structure

o o o]
0 5
v 0
; R _
- H S - vy =k Ui |o
Ay Vg) = —1 + 1+ Sl + Ady oy . i, 0 s
2 ) 0
. - ol 4 1M . : U
S4- V(¢) s 2 Il + 4 Il + 2 12 1:\ \m IMM%TW\:B\Ul%
53 715 - P Vs ; = ®
O .1 4 Cb:%()\ %5 U
|
- ! 1 = 0y




Vacuum Structure
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https://arxiv.org/pdf/2409.16359

Vacuum Structure
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Domain walls

Consider a real scalar field with Z,
-symmetric potential
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Consider a real scalar field with Z,
-symmetric potential




Domain walls

Consider a real scalar field with Z,
-symmetric potential
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Stability of DWs
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Stability of DWs
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Stability of DWs
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Stability of DWs
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Stability of DWs
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Stability of DWs ;
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Stability of DWs
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Stability of DWs
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Stability of DWs
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Stability of DWs a=—2 = 00003
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Stability of DWs
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* Non-abelian DWs have more interesting and non-trivial structure and

phenomena

* If the DWs are stable, they can give rise to a unique multi-peak GW
signal
The signature of GW raised by unstable domain walls is still
unexplored

In realistic flavour models, the flavon fields are complex scalars and
there may be more than one multiplets






