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Fermion mass matrices
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Cries out for an explanation!
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Mass matrices are 
proportional to 
Yukawa coupling 
matrices…

𝑀ℓ,𝑢,𝑑
𝑖𝑗

=
𝑣

2
 𝑓ℓ,𝑢,𝑑

𝑖𝑗

Diagonalisation of 
the one leads to 
diagonalisation of 
the other…

𝑚ℓ,𝑢,𝑑 =
𝑣

2
 𝑓ℓ,𝑢,𝑑

Plot of mass versus coupling should be a straight line…
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Summary of Standard Model

• Nature at the sub-nuclear scale seems to prefer local 
gauge symmetries, leading to fundamental interactions

• These are of non-Abelian nature, involving multiple fields 
with degenerate masses

• The electroweak symmetry is spontaneously broken – or 
hidden – and this corresponds to a phase transition which 
happened in the early Universe

• The phase transition was driven by a scalar field, which is 
the Higgs boson and it has been found

• All particles acquired their (rest) masses from this phase 
transition, for this need Yukawa and self-interaction forces 

• The Standard Model is complete and (almost) all the 
parameters are measured. Only issue is the RH neutrino. 
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1. Dark matter

2. Dark energy 3.  Baryogenesis

4.  Neutrino Mass

5.  Strong CP problem

6.  Vacuum Stability

7.  Hierarchy Problemclueless

unexpected

embarrassing
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It is hard to believe that such an extreme cancellation can be an accident...
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Even if we cancel the 𝑚𝑆
2 term at some energy scale, it will reappear 

at a different energy scale, because 𝑚𝑆 will run… 

Most of well-known BSM models created to solve this problem: 
Technicolor, Supersymmetry, Extra Dimensions, Little Higgs Models
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Thank You
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