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Reasons from experiment

* Three generations of
fermions ... why?

 Charged fermion masses
are very hierarchical

* Neutrino mass spectrum
(NO/1IO) and lightest
neutrino mass?

* Reason for observed mass
spectra?
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Reasons from experiment

* Quark mixing is small W~
* Lepton mixing has two
large mixing angles, 0,3 < 0, 53 ,

 Reason for the striking ( 0.97 022 3.7.-10-3 \

difference? 0.22  0.97  0.042
 Reason for these patterns? \ 9.0-10% 0.041 0999
* Special Valjl;es of mixing angles,

esp. 0,3 = 7 or correlations?

* Potentially also ditferences
in CP violation in quark
and lepton sector
(Majorana phases?)

* Value of CP phase in neutrino
oscillations, 8.p = 207" (283°)? \ 049 059 0.64 )
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Reasons from experiment

 Charged lepton flavour violation
not observed, e.g. u — ey BR(u — ey) < 1.5x 107" [MEG II]

* Also EDMs of charged
leptons unobserved until now, e.g. |d,| <4.1x107%ecm [JILA]

 While neutrinos change flavour
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Reasons from theory

» Efficient tool to reduce number of free parameters

* Proven to be very usetul to describe gauge interactions

* Protection of certain features

* Possible combination of gauge and flavour in more
fundamental theory?

* Help to solve flavour and CP problem in BSM theories?
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Flavour symmetry

Properties?
Flavour symmetry could be ...

* ... abelian or non-abelian

* ... continuous or discrete

* ... local or global

* ... spontaneously broken or explicitly

* ... broken arbitrarily or to some residual group
* ... broken at low or high energies

* ... combined with CP

[ts maximal possible size depends on the chosen gauge group.
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Flavour symmetry

Challenges?

* Uniqueness of flavour symmetry?
* Corrections to picture of symmetry?
* Technical problems?

Arguments against?

* Fermion masses stable under quantum corrections
* No clear pattern visible (e.g. in lepton mixing)?

* Only few data as guideline

* Available data ditficult to interpret?

* Many sophisticated models

C. Hagedorn MIAPDP 2026



Symmetries for charged lepton flavour violation

» Use symmetry principle (only) to constrain charged lepton flavour
violation, e.g. suppress 4 — e transitions that are experimentally strongly

constrained, but allow processes such as T — upue
James

* Role of symmetry in BSM theories
Example: constrain flavour symmetry (e.g. breaking scale) with help
of experimental input (e.g. limits on BRs) and get new experimental

sienatures .
& Simone
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Charting discrete flavour symmetries
with patterns in cLFV.

MIAPDbP Workshop,
i Discussion on cLFV and flavour symmetries
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Motivation

Discrete flavour symmetries are known to reproduce lepton mixing well.

A4 / GE (ZS) < @

S G, (Zz x Zs) UpMNS

Residual discrete symmetry in charged lepton sector imprints a pattern of
cLFV processes. = Selection rules
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Flavour
Structure

James Vandeleur
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Flavour
Structure
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The Chart b

Restrictions from single flavour structure
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I eept pt
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Guiding experiment

New physics

James Vandeleur

scale A (Tev)

6 |C'-(6)‘2
BR(A — B) ~ |—t—| ~ =
A? A4
4(1,1) 4(3,2)
2(0,1) 2(1,0) 2(1,1) 3(1,1) Jj4(2,3)
—— e e W = ~ 4 A
Bl tree (current/future)
B loop (current/future)

cLFV Process

03%IF LITHEETUSE S3TEEET

Tt T FFFParanT TTTHean

:3.1;22 EHEHIIIIE *“"*-"*III
3

T — e

M — M [——

arxiv:2505.24350

T — pujre |—

T—F eeji
T— eefl

b=
i
=

T —> e

MIAPDbP 2026



Further questions...
* Can we extend this categorisation? Neutrinos, strong sector ...?

* What if we looked beyond discrete symmetries? What would that
categorisation look like?

* We looked up to N=8. Is it worth going beyond?

* Estimates of new physics scale encourage pursuit of tau decays and
other less-constrained cLFV processes. How much weight does this
motivation carry for experiment design?

* Other areas we could play the same game? Constraining models for
EDMs/MDMs?
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Role of symmetry in BSM theories
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Example of study, A, ?

e 3-dimensional irreducible representation: three generations of leptons unified

e A, models often predict Tribimaximal (TB) mixing [Harrison/Perkins/Scott '02, Xing '02],
sin®6,; = 1/2, sin®6,, = 1/3 and 0,5 = 0. Yet, simple modifications make it possible to

accommodate a value of 0,5 around sin 6,53 ~ 0.15 [Esteban et al 24]
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Example of study, A, ?

e 3-dimensional irreducible representation: three generations of leptons unified

Altarelli-Feruglio '05 Mr. Flavon
e A, models often predict Tribimaximal (TB) mixing [Harrison/Perkins/Scott '02, Xing '02],

sin®6,; = 1/2, sin®6,, = 1/3 and 0,5 = 0. Yet, simple modifications make it possible to
accommodate a value of 0,5 around sin 6,53 ~ 0.15 [Esteban et al 24]

ﬂﬂ

Altarelli-Meloni '09

MIAPbP, 23/04/2026 S. Marciano ~ Discussion Session



Example of study, A, ?

e 3-dimensional irreducible representation: three generations of leptons unified

Altarelli-Feruglio '05 Mr. Flavon
e A, models often predict Tribimaximal (TB) mixing [Harrison/Perkins/Scott '02, Xing '02],

sin®6,; = 1/2, sin®6,, = 1/3 and 0,5 = 0. Yet, simple modifications make it possible to
accommodate a value of 0,5 around sin 6,53 ~ 0.15 [Esteban et al 24]

Altarelli-Meloni '09

Focus on the
charged leptons m,/m, ~
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Altarelli-Feruglio '05

MIAPbLP, 23/04/2026
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Example of study

e A U(l) symmetry is invoked so that the hierarchy among the
charged lepton masses is encoded in the effective Yukawa couplings

L=y (0rf)  ehgl A+, (9rC) 1w/ A+, (97f) |, TRyl A + ..
e VEV alignment (¢;) = (v;,0,0) > Lepton Triality (Z; [Ma '10])

e Tri-bimaximal mixing for leptons (requires corrections)
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Example of study

e The generation of the tau lepton mass requires one flavon, while the muon mass is generated by the insertion of
two flavons and eventually the electron mass necessitates three flavons

FInt _ Y, (fng) Thy /A +y, (L”q)quT) 1h A + Yy (L”qu) Nf’ﬂchd//\z +y, (L”gqupT) N 'eh I N> + ! (L”qu)/f’zechd//\3 + vy, (fqﬂT)/ (q)quT) //echd//\3+

/7

+y, (LﬂCOT) (C”TCUT) echd//\3 + }’;V <Lﬂ¢>1 (¢T¢T)1 echd//\3 + h.c..

e VEV alignment (¢;) = (0,v;,0) and (£') = u’ — accidental Lepton Triality (Z; [Ma '10])

e Tri-bimaximal mixing for leptons (requires corrections)

Altarelli-Meloni '09
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Example of study

e 3-dimensional irreducible representation: three generations of leptons unified

Altarelli-Feruglio '05 Mr. Flavon
— e A, models often predict Tribimaximal (TB) mixing [Harrison/Perkins/Scott '02, Xing '02],

sin®6,; = 1/2, sin®6,, = 1/3 and 0,5 = 0. Yet, simple modifications make it possible to
accommodate a value of 0,5 around sin 6,53 ~ 0.15 [Esteban et al 24]

Altarelli-Meloni '09

4 P
m,/m, = 200 |
Focus on the * Z, |-1|il1|i]-1f|1|i]i]i
charged leptons m Im. o~ —
ot 17 ‘
\_ // How do we constrain the flavor sector?
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Exampl v/ study

cLFV processes can be mediated by the complex
scalar fields (flavons) introduced in context of the
Flavour Symmetries
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Example of study ~ Altarelli-Feruglio model

Z; residual symmetry,

only 3-leptons cLFV tau decays
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Example of study ~ Altarelli-Feruglio model

charged Lepton masses

. . . . m
Z; residual symmetry, with the Flavon Yukawa interactions &£ ~ fa—f ,B¢i
VT

Vacuum Expectation Value
of the flavon

real couplings = no EDM
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Example of study ~ Altarelli-Feruglio model
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Example of study ~ Altarelli-Meloni model

Z; residual symmetry,

only 3-leptons cLFV tau decays
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Example of study ~ Altarelli-Meloni model

Z; residual symmetry,

mG
—2t,

Vr

L ~ ¢ EXplId]

only 3-leptons cLFV tau decays

complex couplings = non-zero EDM
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Example of study ~ Altarelli-Meloni model

Flat direction in the potential = massless scalar field
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For further discussions ...

The constraints placed by charged Lepton Flavor Violation (cLFV) on both the flavor symmetry scale [specifically the
flavon-fermion couplings] and the flavon mass can be used to determine the expected decay length of these particles.
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For further discussions ...

The constraints placed by charged Lepton Flavor Violation (cLFV) on both the flavor symmetry scale [specifically the
flavon-fermion couplings] and the flavon mass can be used to determine the expected decay length of these particles.

Altarelli-Meloni model (and in non-SUSY variations of AF model) allows for exotic 7 — 3£ + inv decays. Are these worth

a look? Can they actually compete with standard cLFV bounds?

MIAPbP, 23/04/2026 S. Marciano ~ Discussion Session



