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Fermion Masses and Mixings

Why do we have fermion mass 
hierarchies?
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Froggatt-Nielsen Mechanism
• Froggatt and Nielsen [1979] proposed using horizontal symmetries  to 

explain flavour structures

U(1)H

yij = aij⟨ϕ⟩nij


ϕ

(−1) Set ⟨ϕ⟩ ∼ λ

O(1) coefficient

 neutralU(1)H
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String Model Building
• most well-studied QG theory


• maybe best theory to understand 
HEP

Many types of string 
model building!
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Why Strings? 

Intuition to how different ‘nuts and 
bolts’ in a HE theory ‘interact’ to 
give Standard Model + answer 

other pheno questions.

Want to focus on heterotic 
 on smooth CYsE8 × E8



U(1) symmetries from string theory
• Low-energy effective theories have gauge symmetry 




where 

SU(3)c × SU(2)L × U(1)Y × 𝒢
𝒢 ≅ U(1)n/ℤn

field SM rep name SU(5) G charge pattern SU(5)→G
Q (3,2)1 LH quark 10 ea 10a

u (3̄,1)→4 RH u-quark

e (1,1)6 RH electron

d (3̄,1)2 RH d-quark 5̄ ea + eb 5̄a,b

L (1,2)→3 LH lepton

H
d

(1,2)→3 down-Higgs 5̄H
d

ea + eb 5̄H
d

a,b

H
u

(1,2)3 up-Higgs 5H
u ↑ea ↑ eb 5H

u

a,b

ω (1,1)0 pert. FN scalar 1 ea ↑ eb 1a,b

! (1,1)0 non-pert. FN scalar 1 k = (k1, . . . , kf ) 1
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Goal
• Want to understand fermion hierarchies using U(1)s from string theory

• Use symmetry patterns of known string 
models - compute mass hierarchies


• Difficult - satisfy other 
phenomenological properties 
(Higgs? Neutrinos?)!

Top-down Approach
• Use charge patterns from string theory 

as constraints of effective theory


• Large number of possible patterns - 
analyse using Machine Learning & 
Genetic Algorithms

Bottom-up Approach

String Theory

Fermion Hierarchies
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Examples

Low-energy spectrum

Matter fields 101, 102, 105, 51,3, 52,3, 54,5

Higgs fields H3,5, H3,5

Moduli !1, . . . , !5

ω1,2, ω2,1, ω1,4, ω5,1, ω2,3,

ω2,5, ω3,4, ω4,3, ω3,5, ω5,3, ω5,4

Table 1: *

Downstairs Spectrum

Yukawa matrices

!u →




ω3,5 ω2

5,1 ω2,1 ”2 ω3,5 ω5,1

ω2,1 ”2 ”2 ω2,5 ”2

ω3,5 ω5,1 ω2,5 ”2 ω3,5





!d →




ω2,1 ω4,3 ω4,3 ω2,5

ω4,3 0 0
ω2,5 ω4,3 0 ”1



 ,

Yukawa Insertions

Top-down Approach Bottom-up Approach
Low-energy spectrum

Matter fields 101, 102, 105, 353,4

Higgs fields H4,5, H4,5

Moduli !1,!2

ω4,5, ω5,1

Table 1: *

Downstairs Spectrum

Yukawa matrices

!u →




ω4,5 ω2

5,1 ω2
4,5 ω

2
5,1 ”1 ω4,5 ω5,1

ω2
4,5 ω

2
5,1 ”1 ω3

4,5 ω
2
5,1 ”

2
1 ω2

4,5 ω5,1 ”1

ω4,5 ω5,1 ω2
4,5 ω5,1 ”1 ω4,5





!d →




ω5,1 ”2 ω5,1 ”2 ω5,1 ”2

ω4,5 ω5,1 ”1 ”2 ω4,5 ω5,1 ”1 ”2 ω4,5 ω5,1 ”1 ”2

”2 ”2 ”2



 ,

Yukawa Insertions
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Conclusions & Outlook
• Can construct viable models with fermionic hierarchies using U(1) 

symmetries from heterotic string theory!
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• String models with good 
fermionic hierarchies found!!!


• Need to satisfy other pheno 
properties (correct Higgs scale 
√, neutrinos?)

Top-down Approach

• Constructed GA environment to 
obtain list of viable models!


• Guidance to top-down model 
building (topological constraints)!

Bottom-up Approach
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• String models with good 
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√, neutrinos?)

Top-down Approach

• Constructed GA environment to 
obtain list of viable models!


• Guidance to top-down model 
building (topological constraints)!

Bottom-up Approach

Link?



Backup Slides
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Genetic Algorithms
• A family of optimisation-search algorithms.


• Two parts: Environment + Evolution
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“0000100100”

“1110010000”
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Bottom-up Results - Scans (Perturbative Only)
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Bottom-up Example
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up sector:




ω5,1ω4,1 ω5,1ω1,2ω4,1 ω4,1

ω5,1ω1,2ω4,1 ω5,1ω2
1,2ω4,1 ω1,2ω4,1

ω4,1 ω1,2ω4,1 ω4,5





down sector:




ω5,1ω3,5 ω5,1ω3,5 ω5,1ω3,5

ω5,1ω3,5ω1,2 ω5,1ω3,5ω1,2 ω5,1ω3,5ω1,2

ω3,5 ω3,5 ω3,5





Yukawa Textures

Optimise coefficients -  andϵ = 0.554 Compute Quantities

101, 102, 105; 35̄1,2; Hu
4,5, Hd

4,5

Spectrum

ϕ5,1, ϕ3,5, ϕ1,2, ϕ4,1, ϕ4,5


