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Outline

Flavour Puzzle
meets

Cosmological Consequences?

 



  

Outline
● Discrete Froggatt-Nielsen Models
● Domain Walls and Assumptions
● SUSY

– Scalar Sector
– Resulting Gravitational Waves

● Conclusions



  

Mandatory Introduction
● (Quark) Flavour Puzzle

Is There an Underlying Reason?
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Froggatt-Nielsen (Quarks)

● No Yukawas U(3)5 Symmetry 
● All Yukawas obviously not

U(3)5 breaking from  SSB

● (Some) Yukawas forbidden @ tree-level

● FN Chains generate low-scale Yukawas

EFT Spurion:



  

Froggatt-Nielsen (Quarks)

FN Chains generate low-scale Yukawas

● Goal: Choose 

Well-behaved PT 

upper bounds on mij  (and tij   )

“Good”    choices Correct masses & mixings



  

Froggatt-Nielsen (Quarks)

● Standard Formulation: 

Choose

Preferably low powers of

large enough  and  becomes trivial

But:



  

Froggatt-Nielsen (Quarks)

● Discrete Versions: 

We only care about the textures...

not much changes

Why not?



  

Froggatt-Nielsen (Quarks)

● Discrete Versions: 

Smallest Hierarchy   defines (       ) usually

Largest Hierarchy   defines (       ) usually

 



  

Froggatt-Nielsen (Quarks)

● Discrete Versions: 

Smallest Hierarchy   defines (       ) usually

Largest Hierarchy   defines (       ) usually

 
not too small & 



  

Froggatt-Nielsen (Quarks)

● One example

● large tb 

● SU(5) embeddable

● no PMNS selection rules

● Zn not too large

Upsides

Downsides (common to FNs)

● Not “predictive”

● No information on scales
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● No information on scales



  

Froggatt-Nielsen (Quarks)

● No info on scales

● Extra pheno w/ FN sector (FCNCs)

Axial mode is massive

Invisible

decoupling

Can we get any information
on upper bounds?



  

Froggatt-Nielsen (Quarks)

Can we get any information
on upper bounds?

Gravitational

Waves!

(maybe)



  

Scalar Sector: Domain Walls 



  

Scalar Sector: Domain Walls 



  

Exact Broken

Scalar Sector: Domain Walls 



  

Scalar Sector: Gravitational Waves 



  

Explicit-Breaking

Assumption

Scalar Sector: Planck-Breaking 



  

SUSY

SUSY



  

SUSY: Superpotential & SSB

SUSY: Specifications



  

● Scalar Potential

● Minima

SUSY: Superpotential & SSB



  

SUSY: Superpotential & SSB

no U(1) !



  

SUSY: Superpotential & SSB



  

SUSY: Planck-Breaking

● Superpotential

 



  

SUSY: Planck-Breaking
SUSY

Consistency Condition



  

SUSY: Planck-Breaking

● Superpotential

● Scalar Potential and Minima

● But still: 



  

SUSY: SUSY and Planck-Breaking

SUSY-breaking

● Including Soft-terms

● Driving field at Minimum

● Flavon Potential: 



  

SUSY: Domain Walls

● Symmetric Part (axial mode)

● Explicit Breaking

SUSY: DW estimates



  

SUSY: Domain Walls

● Symmetric Part (axial mode)

● Explicit Breaking

SUSY: DW estimates



  

SUSY: Gravitational Waves

SUSY: GW estimates

● Peak Frequency

● Amplitude



  

SUSY: Gravitational Waves



  

Conclusions

Flavour Puzzle:
dFNs

Explicit Breaking:
Planck-suppressed

Gravitational 
Waves

Not Observable Observable
(maybe)

SUSYnon-SUSY

(spoilers)



  

Thank You



  

non-SUSY

non-SUSY



  

Large N non-SUSY
and the

Orange-Squeezer Shape

Scalar Sector: Orange-Squeezers 



  

z4 z6

U(1) @ order-4

Scalar Sector: Orange-Squeezers 



  

Scalar Sector: Orange-Squeezers 



  

z5 z6
z8

Scalar Sector: Orange-Squeezers 
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Scalar Sector: Orange-Squeezers 



  

z5 z6
z8z5 z6
z8

Scalar Sector: Orange-Squeezers 



  

non-SUSY
Consistency Condition

Scalar Sector: Orange-Squeezers 



  

non-SUSY: DW estimates

● Symmetric Part (axial mode)

● Explicit Breaking

non-SUSY: Domain Walls 



  

non-SUSY: Domain Walls 
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