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Lepton flavour violation (LFV)

We know that flavour is violated in the lepton sector, since neutrinos
oscillate (v, <= U, violates both Le and L)

ol = % Uo(, 2/:—‘ L%:T;Z;gj
with. maay m

Since the PMNS matrix U appears in charged lepton current, would naively
expect strong flavour-violating effects in the charged lepton sector too (i.e.
processes such as u — e y and u — 3e should be observed).

This is not the case due to a GIM mechanism: LFV is strongly suppressed
(and in practice unobservable) in the Standard Model

But we have good reasons to believe that there is new physics beyond the
SM (neutrino masses, dark matter...) = generally new sources of LFV



Indeed, many well-motivated new physics scenarios predict large flavour
violations in the charged lepton sector:

® supersymmetry
* low-scale neutrino mass models
e extra dimensions / composite Higgs models

— the absence of sizeable SM contributions makes LFV a unique probe of
new physics

Further motivation: connection with neutrino physics

The smallness of neutrino masses suggests a specific mechanism of mass
generation = new particles with flavour violating couplings to leptons

— LFV could tell us something about the origin of neutrino masses



Status of lepton flavour violation

So far lepton flavour violation has been observed only in the neutrino

sector (oscillations). Experimental upper bounds on LFV processes
involving charged leptons:

[S. Davidson, talk at Planck 2022]

Some processes current constraints on BR | future sensitivities

[ — ey <4.2x 1071 6 x 1071 (meq)

1L — eee < 1.0 x 10~ (sinprum) 10716 (2004, Mu3e)

uA — eA <7 x 1071 Au, (sinorumi) 10— (16=7) (Mu2e,COMET)

10— (18=7) (PRISM/PRIME/ENIGMA)

KT — ntne < 1.3 x 107 (gses) 10712 (naey)

Bt — v < 1.0 x 1075 (Belie) ~ 1077 (Bellen)

UwA — eA = p in 1s state of nucleus A converts to e



some processes current constraints on BR | future sensitivities

T — Ly <3.3,44x107° fewx 1072 (Belle-n)

T — 3 <1.5—27x10"8 few X 107~ Belle11, LHCb?)
T Ur,p, ¢, K,...} | $few x 1078 fewx 1079 (gelie-n)

T —...

h — 707 < 1.5,2.2 x 1073 (arLas/cums)

h — ,uifﬁ < 6.1 x 107 2(aTLAS/CMS)

/ — ei,u:F < 7.5 X 107" (aTLAS)

[S. Davidson, talk at Planck 2022]



This is consistent with the Standard Model, X

in which LFV processes involving charged W/
leptons are suppressed by the tiny neutrino m - W
masses L — > >
e Ues.
eg.u—ey: 2 2
So

Using known oscillations parameters (U = PMNS lepton mixing matrix),
this gives BR (1 — ey) < 10> :inaccessible to experiment!

This makes LFV a unique probe of new physics: the observation of e.g.
u — ey would be an unambiguous signal of new physics (no SM background)

— very different from the hadronic sector

Conversely, the present upper bounds on LFV processes already put strong
constraints on new physics (same as hadronic sector)



Theoretical expectations/predictions

Many new physics scenarios predict “large” LFV rates: supersymmetry, low-
scale neutrino mass models, extra dimensions / composite Higgs models...

In (R-parity conserving) supersymmetric extensions of the Standard Model,
LFV is induced by a misalignment between the lepton and slepton mass
matrices, parametrized by the mass insertion parameters (o = 3):
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Bounds on LFV processes translate into upper limits on the slepton mass
insertion parameters as a function of superpartner masses

Case of supersymmetric seesaw mechanism : even if slepton mass matrices
are flavour diagonal at some high scale (« flavour-blind » supersymmetry
breaking), radiative corrections induced by the heavy Majorana neutrinos
may induce large LFV [Borzumati, Masiero]

To a good approximation, these corrections are proportional to the
combinations of seesaw parameters C,g = ), Y% Y3 In(My /M)
(assuming universal slepton masses at Mu)

Thus, for instance, BR (la — ZQW) X ‘CaB‘Q

In general, however, cannot disentangle the seesaw-induced LFV from the
LFV induced by supersymmetry breaking. In addition, there is no direct
relation between the measured neutrino parameters and the seesaw-induced
LFV, due to the degeneracy of seesaw parameters

It is therefore fair to say that there is no model-independent prediction of
the supersymmetric (type |) seesaw mechanism for LFV processes



The supersymmetric seesaw mechanism often predicts large LFV rates

Example [Masiero,Vempati,Vives]: SO(10)-motivated ansatze for the seesaw
parameters

“minimal case”: CKM-like mixing in the Dirac couplings Yij

“maximal case”: PMNS-like mixing in the Dirac couplings Yij

BR(u—>ey)10"™
BR(u—ey) 10"




More predictive version of the seesaw mechanism: L. L
Type |l seesaw [heavy scalar SU(2)L triplet exchange] \/
- ~ _ A
Y/ LiTLj + 5\ HuTl:[u + My TT i .
7 L ’L] u / AN
= M J )\YT M, H 7 N\ H

The radiative corrections to soft slepton masses are now controlled by
(Y Y7)ap In(My/Mr) < Y, m;, Ui

=> predictive (up to an overall scale) and leads to correlations between LFV
observables (correlations controlled by the neutrino parameters)

[A. Rossi]



LFV in non-supersymmetric mechanisms
of neutrino mass generation

Example of a radiative model: Zee-Babu model

introduce 2 charged SU(2) singlet scalars, ho \E; ~h
h* and ktT, with couplings to leptons: ; |

fap LLCio?Lgh* + b, seh Cepgk*t +he. Yot b ¥

Lepton number is violated by scalar couplings: phTh™k~— + h.c.

8
Neutrino mass matrix: (M, ).z ~ (167T21[)L2m2 JayMe Nysmes fss
h

In addition to new exotic scalars, this mechanism predicts flavour-violating
processes involving charged leptons,suchas u — e y:

€ = feT/f,uT

J(r) = loop function

2

2 /100 GeV \ 2
Br(u — 24.5-10—10( ¢ )( Ty ) ( )
= er) 12,7 (r)2/ \0.05 eV m




Example of a low-scale seesaw model: inverse seesaw

Conventional type | seesaw: loop contribution of the heavy Majorana
neutrinos to W — €Y are suppressed by the large Majorana masses and/or

by the small Dirac couplings

1 T 5 4 mfb
my, ~ YN — Yy v ['(u — ey) o< Yy —5 very suppressed!!
My My,
VL N1 N2
Vi 0 % 0
Inverse seesaw : N, % 0o Ly, =+1, Ly, =—1
AP 0 v

T

soft L breaking

T M Y02 ~ 0.1eV can haveY large and M not too high

My N
72 . .
M 5 thanks to the small L-violating u

Br(pn — ey)  unsuppressed by Yn nor Mn
[Abada, Biggio, Bonnet, Gavela, Hambye ’07]



LFV in extra-dimensional scenarios

f(¢)
Source of flavour violation = couplings Warped 5D Higgs

uv
of light fermions to Kaluza-Klein
excitations

Milder flavour violation in warped
(Randal-Sundrum) models in which
the fermion mass hierarchies are
accounted for by different fermion
localizations in extra dimensions (small overlap with KK wavefunction)

Agashe, Blechman, Petriello: RS model with Higgs propagating in the bulk or
localized on the IR brane (li — Ij y UV sensitive if Higgs localized on the IR brane)

Present bounds on LFV processes compatible with O(1 TeV) KK masses if
Higgs localized on the IR brane, essentially excluded by u — e y up to 10 TeV
KK masses if propagates in the bulk



[Agashe, Blechman, Petriello]
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FIG. 4: Scan of the ¢ — 3e and p — e conversion predictions for Mg = 3,5,10 TeV. The solid
and dashed lines are the PDG and SINDRUM II limits, respectively.



