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Introduction

DE GRANADA
@ e Flavor Puzzle: Three
generations with no apparent
explanation
1072 @ e SMis flavor blind except for
@ the yukawa sector

@ @ e Different UV explanations to

reproduce the Yukawa matrix

@ @ e This talk: just the leptonic

sector




Effective Field Theories
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Our best tool to parameterize extensions beyond the SM
e Model-independent agnostic framework

e Systematically capture low-energy effects of UV physics

e Constrain UV physics through deviations in our experimental [C!\e/:clﬁs;znt]
measurements

Lsmerr = Lsm + Z Z E 4 (d)

d>5 1 3




Flavor structure in SMEFT
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Dimension 6;:  [Grzadkowski, Iskrzynski, Misiak, Rosiek]
e Single generation: 59 parameters
e Three generations: 2499 parameters

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

SMEFT O(1) terms Lepton sector
(dim-6, AB = 0) MFV, UB)y | U2)2xUQ1)?% | U(@2)? U(2)v U(1)8 U(1)? No symm.
MFVq 41 6 | 45 9 | 59 6 62 9 |67 13 |8 6 |93 18 | 207 132

U@2)2xU@B) | 72 10| 78 15|95 10 [100 15 [107 21 [122 10 [140 28 | 281 169
U@2)®xU(l)g, | 86 10 | 92 15 [111 10 | 116 12 |123 21 | 140 10 | 158 28 | 305 175

U(2)3 93 17 | 100 23 [118 17 |124 23 | 132 30 [147 17 |168 38 | 321 191
No symmetry | 703 570 | 734 600 | 756 591 | 786 621 | 818 652 | 813 612 | 906 705 | 1350 1149

Quark
sector
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Granada Dictionary

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] TR
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Granada Dictionary

e All possible renormalizable heavy
extensions in the leptonic sector

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

e SMEFT directions: Classification
with a flavor assumption

[de Blas, Criado, Pérez-Victoria, Santiago] TR
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Discrete Symmetries
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Broken flavor symmetry: A4 [Ferreira, Morisi, Peinado, Holthausen,...]

e The leptonic sector can be very well

accommodated in /Tensor Decomposition\
V= (61,527&01‘ ~/ 3, 181=4, T'y1'=g,
(61,62,63) ~ (]_’]_/7 1//) 1’1 =1", 1’1" =1.

e Yukawa interactions can be very well Q® Skt y

reproduced



MOdUlar Symmetries [Feruglio, Criado , Asaka, Yoshida,...]
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Breaking of A4 dynamically controlled by VEV of a modulus field that

transforms under the modulus group

at + b

TSN = ———
) ct +d

e Fields are modular forms
f(r) = (em + d)ka(T), Uecly

e Yukawa couplings too...

Ya(7) —6q1/3(1+7q+8q2+...) , g=

Yi(7) 1+ 12q + 36¢* + 12¢° + ...
Y3(7) —18¢%/3(1+2¢+5¢% +---)

[ Kobayashi,

Otsuka,

Tanimoto,

Yamamoto] 7


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

DE GRANADA

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

aT + b Yukawa couplings
T — VT = ———— explained just with
CcT + d one parameter: T
e Fields are modular forms
ky =2

f(r) = (er+d)Uf(r), UE€T; b — 0

e Yukawa couplings too...
[ Kobayashi,

Yi(7) 1+ 12 + 36¢% + 12¢3 + . .. | Otsuka,
YQ(T) = _6q1/3(1 5 7q e 8(]2 g ) ., q= 6217”' Tanimoto,
Y3(7)

—18q2/3(1 i 5q2 g ) 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 S1 ~ (1,4)
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e Consider the UV interaction
T 7. pc
[ysl]mjsn&w 251-
e Extract the flavor tensor

(1)
Y
ys,lrij = g [571(5@25]3 0i30j2)+0,2(0ig01— 5@15j3)+5r3<5115j2_52‘25]'1)]7

e Perform the matching to the SMEFT 1
M2 [ysl]fr]l[ySl]mk[O%]Z]kl

e Compute the experimental bounds ys, ~ 1

811



Observables
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Low Energy observables: Global Fit [Falkowskietal]

Flavor Violating

e Radiative Decays [MEG, BaBar, Belle] BR(,U — €, 7)

e 3 body leptonic decays [SINDRUM, Belle, Mu3e] BR(& — fjgkgg)

e Muon-to-electron conversion [SINDRUM, Mu2e] CR(,U — e, N)
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Radiative Corrections
DE GRANADA

One Loop

Tree Level

Low Energy

Leptonic Decays

Leptonic Decays

Radiative Decays

Low Energy
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TeV @ Radiative Decays
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@ Low Energy Observables

@ Nuclei Conversion
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@ Low Energy Observables

@ Nuclei Conversion

No Flavor
Violation
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Vectors @ Low Energy Observables

@ Nuclei Conversion UNIVERSIDAD
@ Leptonic Decays
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Vectors

TeV
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@ Low Energy Observables
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@ Leptonic Decays DE GRANADA

Agnostic UV:
Matching at tree-level
+ Running
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Multi-Parameter

Flavor tensor with various different
couplings

e Combined fit with correlations

e Projected two-dimensional
likelihoods

e Blindlines
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To take home
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e Modular symmetries are a promising explanation for flavor
e UV modular physics is very constrained by cFLV
e Radiative correction are relevant

° CR(H — e, N) as the most relevant observable

14



Grazie mille!



