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Lepton Universality 

The largest group of global unitary field transformations commuting with the SM
electroweak gauge group, consisting of three families.

[Chivukula, 1987]
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Charged current universality

[Pich, 2020]
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Charged lepton flavour violation 

SM



LFV is large in the neutrino sector :

Oscillations

Solar neutrinos

0 0 0
12 23 1330      45      0, ,θ θ θ≈ ≈ ≈

( )1    
3e e µ τν ν ν ν+ +⇒

SM + νR |Dirac

τ µ

γ

ντ

W W

x νµ

( )
22

223 53
2

 3 2 10 
128

( ) sin
( ) mix

W

mB
B

O
mµ τ

τ µ γ α
θ

τ µν ν π
− ∆→

= ≈ →  
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Dynamics of CLFV

 The mass scale of New Physics

 Symmetries and flavour structure of New Physics

SMEFT
[Buchmüller, 1986]
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ΛEW
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Energy

New symmetries?
New flavour structure?
New degrees of 
freedom?



Model-independent analysis with SMEFT

CLFV scale

[Celis1, 2014] [Celis2, 2014] [Gninenko, 2018] [Husek, 2021]

Hadron decays

conversion in nuclei (NA64 ?)



Model-independent analysis with SMEFT

CLFV scale

[Celis1, 2014] [Celis2, 2014] [Gninenko, 2018] [Husek, 2021]

Hadron decays

(see Kevin Monsálvez-Pozo’s talk)

conversion in nuclei (NA64 ?)



Lepton and baryon numbers violation  

non-anomalous Gauge theory (extension of the SM)
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[Belle, 2020] [LHCb, 2013]
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[Liao, 2021] 
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Outlook 

Accidental symmetries of the SM seem to stay on the razor’s edge:

 If we look for violation of Universality in the lepton families we will have to
pay close attention to the processes that involve the tau lepton in
comparison with those involving the lighter leptons.

 We already have seen neutral lepton flavour violation: neutrinos mix.
There seems to be no reason why charged lepton flavour violation
should not happen in Nature: the quest on the experimental side is a major
task and Belle II will play a major role. On the theory side I bet for an
interplay between models and SMEFT.

 Charged Lepton Flavour Violation could easily become a window to see
extensions of the Standard Model. For tau involved processes the time
is now.
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