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Introduction

● Flavor Puzzle: Three 
generations with no apparent 
explanation

                                                                                                                                                                                                                                        
● SM is flavor blind except for 

the yukawa sector

● Different UV explanations to 
reproduce the Yukawa matrix
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● Flavor Puzzle: Three 
generations with no apparent 
explanation

                                                                                                                                                                                                                                        
● SM is flavor blind except for 

the yukawa sector

● Different UV explanations to 
reproduce the Yukawa matrix

● This talk:  just the leptonic 
sector

Introduction
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Effective Field Theories

Our best tool to parameterize extensions beyond the SM

● Model-independent agnostic framework

● Systematically capture low-energy effects of UV physics

● Constrain UV physics through deviations in our experimental 
measurements

Wilson 
Coefficient



Flavor structure in SMEFT
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Dimension 6:

● Single generation: 59 parameters

● Three generations: 2499 parameters

Proliferation arises from flavor: What if we assume flavor? [Greljo, Palavrić, Thomsen]

[Grzadkowski, Iskrzynski, Misiak, Rosiek]

https://arxiv.org/search/hep-ph?searchtype=author&query=Grzadkowski,+B
https://arxiv.org/search/hep-ph?searchtype=author&query=Iskrzynski,+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Misiak,+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Rosiek,+J


Granada Dictionary
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● All possible renormalizable heavy 
extensions in the leptonic sector

● Their matching to the SMEFT is 
automatized at tree-level and 
one-loop

[de Blas, Criado, Pérez-Victoria, Santiago]



Granada Dictionary
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● All possible renormalizable heavy 
extensions in the leptonic sector

● Their matching to the SMEFT is 
automatized at tree-level and 
one-loop

● SMEFT directions: Classification 
with a flavor assumption

[de Blas, Criado, Pérez-Victoria, Santiago]
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Broken flavor symmetry:

● The leptonic sector can be very well 
accommodated in

● Yukawa interactions can be very well 
reproduced

Discrete Symmetries

Tensor Decomposition

[Ferreira, Morisi, Peinado, Holthausen,...]



Modular Symmetries
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Breaking of A4 dynamically controlled by VEV of a modulus field that 
transforms under the modulus group 

● Fields are modular forms

● Yukawa couplings too…

[Feruglio, Criado , Asaka, Yoshida,...]

[ Kobayashi, 
Otsuka, 
Tanimoto, 
Yamamoto]

https://arxiv.org/search/hep-ph?searchtype=author&query=Otsuka,+H
https://arxiv.org/search/hep-ph?searchtype=author&query=Otsuka,+H
https://arxiv.org/search/hep-ph?searchtype=author&query=Tanimoto,+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Tanimoto,+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Yamamoto,+K
https://arxiv.org/search/hep-ph?searchtype=author&query=Yamamoto,+K


Modular Symmetries
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Breaking of A4 dynamically controlled by VEV of a modulus field that 
transforms under the modulus group 

● Fields are modular forms

● Yukawa couplings too…

Yukawa couplings 
explained just with 
one parameter: τ

[Feruglio, Criado , Asaka, Yoshida,...]

[ Kobayashi, 
Otsuka, 
Tanimoto, 
Yamamoto]

https://arxiv.org/search/hep-ph?searchtype=author&query=Otsuka,+H
https://arxiv.org/search/hep-ph?searchtype=author&query=Otsuka,+H
https://arxiv.org/search/hep-ph?searchtype=author&query=Tanimoto,+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Tanimoto,+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Yamamoto,+K
https://arxiv.org/search/hep-ph?searchtype=author&query=Yamamoto,+K


UV Classification 
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● Consider the UV interaction

● Extract the flavor tensor

● Perform the matching to the SMEFT

● Compute the experimental bounds
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Low Energy observables: Global Fit

Flavor Violating

● Radiative Decays 

● 3 body leptonic decays

● Muon-to-electron conversion 

Observables

[Falkowski et al.]

[MEG, BaBar, Belle]

[SINDRUM, Belle, Mu3e]

[SINDRUM, Mu2e]



Radiative Corrections
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Scalars
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Low Energy Observables
Nuclei Conversion
Leptonic Decays
Radiative Decays



Fermions
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Low Energy Observables
Nuclei Conversion



Fermions
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Loop 
Suppressed

Low Energy Observables
Nuclei Conversion



Fermions
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No Flavor 
Violation

Low Energy Observables
Nuclei Conversion



Vectors
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Low Energy Observables
Nuclei Conversion
Leptonic Decays



Vectors
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Low Energy Observables
Nuclei Conversion
Leptonic Decays

Agnostic UV: 
Matching at tree-level 

+ Running 



Multi-Parameter
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Flavor tensor with various different 
couplings

● Combined fit with correlations

● Projected two-dimensional 
likelihoods

● Blind lines 
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● Modular symmetries are a promising explanation for flavor

● UV modular physics is very constrained by cFLV

● Radiative correction are relevant

●                                   as the most relevant observable

To take home



Grazie mille!


