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1. Introduction

Flavour physics has played a key role in the shaping and evolution of particle physics since the
early days of the Standard Model (SM). In recent years, flavours have paved the way to searches for
New Physics (NP): from the discovery of neutrino oscillations, to the long-standing tensions between
theory and observation regarding the anomalous magnetic moment of the muon, to conflicting data
on possible violation of lepton flavour universality in meson decays. Although some of these
tensions are becoming less significant (and others have altogether disappeared), curiously many
of them are deeply rooted in the lepton sector. Strictly forbidden in the context of the SM, the
violation of lepton flavour was clearly demonstrated with neutrino oscillation phenomena, and
in principle, once the latter occurs, nothing precludes the violation of charged lepton flavours.
However, minimal extensions of the SM envisaged to accommodate neutrino oscillation data (via
the addition of massive Dirac neutrinos, and lepton mixings) lead to tiny rates for charged lepton
flavour violating (cLFV) transitions. Thus, any observation of a cLFV process would offer striking
evidence for NP - beyond such minimal SM extensions.

In view of their very appealing properties, muons are ideal objects to search for cLFV, with
numerous muonic transitions as the object of extensive dedicated searches at low-energies and at
colliders. The former include radiative decays (𝜇 → 𝑒𝛾), three-body decays (𝜇 → 3𝑒), muonic-
bound state processes, such as Muonium (Mu = 𝜇+𝑒−) oscillations and decays, or transitions in
the presence of muonic atoms (including neutrinoless 𝜇 − 𝑒 conversion, among others). At higher
energies - at the LHC or at future lepton colliders -, numerous processes can also lead to a discovery
of cLFV, as is the case of neutral boson decays (𝑍, 𝐻 → 𝜇𝑒), or the study of high-𝑝𝑇 dilepton tails
in 𝑝𝑝 → 𝜇ℓ. The expected future sensitivities of muon-cLFV dedicated facilities suggest that these
processes might offer a sensitivity to NP mediators up to scales around 105 TeV [1].

Muon cLFV is thus poised to offer evidence for NP, or then further strengthen the constraints on
the scale of the new mediators and on the intensity of the new interactions with leptons; from a theory
perspective, studies of muon cLFV can be carried out following an effective (model-independent)
approach, or investigating the prospects for cLFV of a given, well-motivated NP model (especially
those which also offer an explanation to the SM observational issues, including neutrino mass
generation and the baryon asymmetry of the Universe, or a viable dark matter candidate). In what
follows, we will illustrate these approaches.

2. Muon cLFV: effective approach to NP

In the effective field theory (EFT) approach, the SM Lagrangian is generalised to include high-
order, non-renormalisable terms that encode the effects of heavy new states (and their interactions),
possibly present at scales far above the electroweak one, ΛNP ≫ ΛEW. The observables can
be expressed in terms of the new couplings and scale, and available bounds are then used to
constrain combinations of the latter. In view of the extensive number of operators that can be
at the origin of the cLFV transitions (dimension 6, and higher), the task is far from simple. In
recent years, numerous analyses have emphasised the relevance of taking into account higher-order
contributions, renormalisation group running (leading to operator mixing), among other points,
also suggesting the importance of including as many observables and operators as possible, so to
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more efficiently constrain the nature of the NP contributions (see, e.g. [2]). A new parametrisation
proposal [3], relying on projections onto a space spanned by the most relevant operators for muon
cLFV transitions, ®𝐶 = {𝐶𝐷 , 𝐶𝑆 , 𝐶𝑉𝑅, 𝐶𝑉𝐿 , 𝐶N-light, 𝐶N-heavy} (see [3] for a detailed description),
allowed to infer the sensitivity to NP scales of data (current bounds and future sensitivities) stemming
from searches for radiative and 3-body decays, and conversion in nuclei. As can be seen from the
left panel of Fig. 1, current bounds from MEG on 𝜇 → 𝑒𝛾 and from SINDRUM on neutrinoless
conversion in Gold nuclei allow to draw limits on the scale of cLFV new physics up to O(103 TeV),
respectively for the cases of dipole or 4-fermion dominated NP contributions (𝜃𝐷 → 0, 𝜋 or
𝜃𝐷 → 𝜋/2). In the future, and for both regimes, the expected sensitivity of searches for 𝜇 − 𝑒
conversion in Aluminium by both COMET and Mu2e should allow probing scales ΛNP ∼ 104 TeV
(or even 105 TeV for an advanced muon facility) [3].
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orders of magnitude different from the other coefficients, we also plot the reach in a parametrization similar to that
introduced in [19] by defining a variable

D = cotan(✓D � ⇡/2) . (III.1)

This non-linear transformation magnifies the regions where the dipole contribution either dominates the four-fermion
interactions (✓ = 0,⇡) or is suppressed (✓ = ⇡/2). We also define a similar variable V , that magnifies the regions
where leptonic four-fermion coefficients are much larger or smaller than those with quarks. We subtract ⇡/2 in order
to have µ ! e� larger at the centre of the plot, following [19]. However, this choice means that =0 corresponds to
both to ✓ = 0 and ✓ = ⇡, and the rates can be discontinuous at 0 while they are continuous at ±1. This can be
observed in figure 3.
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FIG. 1. Reach as a function of (left) the angle ✓D, which parametrizes the relative magnitude of dipole and four-fermion
coefficients, and (right) the variable D = cotan(✓D �⇡/2). The scale ⇤ is defined in eqn (II.1) with the coefficients normalised
according to Table II. The solid region is currently excluded.

Figure 2 displays the reach as a function of ✓V , which is effectively the angle between the µ ! eēe and µA! eA
four-fermion operators. Results for a vanishing dipole contribution (✓D = ⇡/2) shows that µ ! eēe vanishes at
✓V = ⇡/2 and µA! eA at ✓V = 0,⇡. Adding a small negative dipole coefficient, µ ! eēe doesn’t vanish anymore
since the dipole contributes independently as well as in interference with the four-fermion contributions, and the
rate is reduced when this interference is destructive. The magnitude of the negative dipole coefficient is larger for
✓D = 3⇡/4, exhibiting that µA! eA vanishes when the dipole cancels the four-fermion contributions. Similar plots
for V = cotan(✓V � ⇡/2) are shown in Figure 3.

Figure 4 illustrates the complementarity of heavy and light targets for µA!eA, by plotting the conversion ratios
as function of ~C · ~eAlight / sin� and ~C · ~eAheavy? / cos�. Recall that ~C · ~eAheavy? parametrizes the independent
information obtained with Au. This additional contribution to µAu ! eLAu causes the rate to vanish at a different
value than that of the light targets. The dipole, which also contributes to µA ! eA, was taken to either vanish
(✓D = ⇡/2), be positive (✓D = 3⇡/4) or negative (✓D = ⇡/4). This illustrates the impact of ~C · ~eD on the rate:
cancellations can occur among the dipole and four-fermion contributions, as well as between the two independent
combinations of four-fermion coefficients.

Finally, the dependence of the sensitivity on the angle � and the variable D is exhibited in Figure 5. As expected,
the µ ! e� and µ ! eēe processes are independent of �. The shape of the conversion processes on light and heavy
targets are globally similar, although the ridges along which the rates cancel are slightly different.
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FIG. 4. Misalignment angle with Al, as calculated with
Eq. (20) using our data from Tab. I. The misalignment angle
increases with the number of neutrons in isotopes.

2.27 for lithium-7 and titanium-50, respectively, com-
pared to Al’s N/Z ' 2.08, which might ultimately help to
distinguish CLFV operators involving protons from those
involving neutrons [4]. Lithium has already been identi-
fied as a promising target in Ref. [4]. Titanium has long
been proposed as a suitable second target for aluminum-
based experiments, and our analysis shows that the iso-
tope Ti-50 would be particularly useful; aside from the
conversion rate and the background from muon decay
in orbit, di↵erent isotopes of an element are expected
to behave essentially identically experimentally, notably
because the conversion energy depends only weakly on
the number of neutrons [26]. The theoretically interest-
ing isotopes Ti-50, Ti-49, and Cr-54 have a low natural
abundance and are di�cult enrich in the large quanti-
ties necessary for conversion experiments; Li-7 and V-51,
on the other hand, are the dominant isotopes and hence
practically preferable as second targets after an observa-
tion of µ! e conversion on aluminium.

VI. CONCLUSIONS

The search for lepton flavor violation is one of our most
sensitive probes of physics beyond the Standard Model.
Experiments searching for µ� ! e� conversion such as
COMET, DeeMe, and Mu2e, promise to improve existing
limits by several orders of magnitude. Robust theoretical
predictions, as presented here, are crucial ingredients for
experimental simulations of possible signal strength and

are relevant for the choice of alternative targets. An ob-
servation of the coherent conversion signal would clearly
indicate new physics. Still, it would not provide enough
information to understand the nature of the new interac-
tions. Our results allow tracking the nucleus-dependence
of the µ� ! e� conversion rate by looking at di↵er-
ent target materials, which would then help to discrimi-
nate the possible underlying new-physics models and ef-
fective operators. Such studies are instrumental in the
context of proposed upgrades of the already approved
experiments [50].

Our results indicate that the isotope dependence can
exceed the uncertainty due to the nuclear charge distri-
bution. Thus, experiments must carefully control the
isotope composition of the targets to enable the proper
interpretation of the results in terms of bounds on un-
derlying short distance parameters of the e↵ective La-
grangians. The isotope dependence can also improve
the experiments’ potential to distinguish various New
Physics scenarios if a signal is observed.

Further improvement of the total coherent conversion
rates requires more precise determination of the proton,
neutron, and charge density profiles. The progress in the
many-body computational methods may allow in the fu-
ture ab-initio evaluation of these density functions, which
would be highly desirable for experimentally studied tar-
get materials.
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Figure 1: On the left, sensitivity to the NP scale of different cLFV muon transitions, as a function of
the “dipole” dominance parameter 𝜃𝐷: radiative decays (blue), three-body decays (black) and neutrinoless
conversion in nuclei (red); solid (dotted) lines denote current bounds (future experimental sensitivity);
from [3]. On the right, complementarity of the information for distinct nuclei (𝑍) regarding the NP at the
source of 𝜇 − 𝑒 conversion, with respect to that of Aluminium targets; from [4].

The impressive sensitivity associated with 𝜇 − 𝑒 conversion searches lends hope to a future
observation of these rare transitions. In the event of a discovery, it becomes important to (re)visit the
choice of nuclear target, so as to infer as much information as possible on the nature of the underlying
NP. Recent studies suggest that Vanadium-51 or Lithium-7 are feasible choices of targets, which
could offer the most complementary (or orthogonal) information to that of Aluminium targets [4].
The potential complementarity of several targets is displayed in the right panel of Fig. 1.

A very interesting process, also occurring in muonic atoms, is that of the flavour and lepton
number violation transition (LNV), 𝜇−+ (𝐴, 𝑍) → 𝑒++ (𝐴, 𝑍+2) (∗) , in which the final state nucleus
might be in an excited state. This transition could offer a pivotal connection between cLFV and
LNV (by two units), in association with the possible Majorana nature of the NP mediator, and a link
to the mechanism of neutrino mass generation). Already experimentally searched for, this process
is highly non-trivial to tackle from a theory point of view: not only does it call upon higher-order
operators (contrary to the “usual” cLFV dimension 6 operators) but, as of today, the nuclear matrix
elements remain extremely challenging to compute, rendering any inference hard to draw.
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3. Muon cLFV - learning about models of NP

If the SM extension includes sources of cLFV, the model can in principle account for extensive
ranges for the cLFV observables. Depending on the dominant contributions to given transitions,
one can nevertheless try to identify distinctive patterns for the observables: for example, should one
have photon-penguin dominance in 𝜇 − 𝑒 conversion, then one can expect a correlation between
the former and radiative (as well as 3-body) decays; should there be a 𝑍 penguin dominance, then
it is likely that BR(𝜇 → 3𝑒) and CR(𝜇 − 𝑒, N) be correlated. This can be understood relying on
the (effective) NP contributions to the cLFV transitions, as depicted in Fig. 2, for the case in which
a photon also contributes dominantly to neutrinoless muon-electron conversion in nuclei. The

Figure 2: Symbolic representation of the NP contribution to the radiative muon decay (left); 𝜇−𝑒 conversion
in nuclei, for which the internal boson line can correspond to photon or 𝑍 exchange (right).

confrontation of ratios of future measurements of observables with the predictions of a given model
might offer valuable information to falsify a given construction, or to strengthen its viability. Several
examples have been presented in [10]. Here we very briefly consider a few (recent) examples of
how cLFV - especially through the muon channels - can offer powerful probes of NP models. We
consider illustrative cases associated with mechanisms of neutrino mass generation, grand unified
theories (GUT), or those aiming at explaining current tensions of the SM.

Scotogenic models [6] offer a powerful link between two of the SM’s most pressing issues -
massive neutrinos and the need for a dark matter (DM) candidates. Furthermore, scotogenic models
usually call upon symmetries to stabilise the DM candidate, which in general prevents tree-level
neutrino mass generation (which then occurs at 1-loop or at higher levels).
Many scotogenic models lead to interesting cLFV signatures: a recent analysis [7] considered an
extension of the SM via 2 Weyl fermions as well as Majorana fermions (singlets and scalars); such
a construction was shown to successfully explain neutrino oscillation data, put forward a viable
DM candidate, and further saturate the tensions on the muon anomalous magnetic moment. In
the muon-electron sector, cLFV 3-body decays are dominated by photon-penguin contributions,
leading to a strict correlation between BR(𝜇 → 𝑒𝛾) and BR(𝜇 → 3𝑒), as shown in the left panel
of Fig. 3; a future determination of these observables might allow to falsify such a NP scenario.
Previous studies have also highlighted how the pattern of muon cLFV observables can shed light
on the nature of the DM candidate, and even on the value of the lightest neutrino mass [8].

Another enlightening example can be found in GUT models, ambitious constructions which aim
at addressing not only the SM observational issues, but also at overcoming some of its theoretical
caveats. Despite their appeal, many such models rely on extended field contents (which can be
present at very high scales), rendering them hard to probe. However, certain GUT models lead to
interesting cLFV “signatures”, which offer a means to learn about the new spectrum (among other
features). This was explored in [9], in which a type II seesaw was embedded into an SU(5) non-
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Figure 5: Results for the relevant cLFV decays with the current limits from MEG col-

laboration [30] and Belle [52, 53] (full lines) and expected sensitivities (dashed lines) from

MEGII [49], Mu3e [50] and Belle II [54]. The other decays not shown here lay below the

expected future bounds.

limits of charged LFV searches. This hierarchy is linked to that of gR, as both contribute

equally to these processes, see Appendix A. While both g2
 and g2

R have to be large to fit

(g� 2)µ, g1
 and g1

R must remain small to not exceed the current limit of BR(µ ! e�). On

the same grounds, g3
 and g3

R are similarly constrained by the upper limit on BR(⌧ ! µ�).

It is worth noting that the fit of (g � 2)µ links the components of gR and g with the

trilinear coupling ↵, as can be seen in Fig. 4 (right). As discussed in Sec. 3, the dominant

contribution to (g � 2)µ and charged LFV decays comes from the left diagram in Fig. 1,

proportional to ↵. For example, smaller values of ↵ imply larger values of g2
 and g2

R in

order to fit the anomalous magnetic moment (g � 2)µ, as can be seen in the upper corner

on the right panel of Fig. 4.

The perturbativity requirement for both the Yukawa couplings and ↵ sets then a lower

and upper limit on the trilinear coupling of roughly 30 GeV . ↵ . 4 m�0
1
. Note, that the

upper bound is actually given for ↵/M� where M� is the average masses of the scalars

involved in this coupling.

5.2 Charged lepton flavour violating decays

Charged lepton flavour violating decays rank among the most stringent constraints for

neutrino mass models, as fitting the neutrino mixing angles, in general, requires non-

diagonal Yukawa matrices that connect also to the charged leptons and allow for transitions

between di↵erent lepton flavours. While the limits to the branching ratios of these processes

are already remarkable, especially for the limit on the decay µ ! e� from the MEG

collaboration [30], there is a renovate interest with new experiments expected to take place

in the near future, such as MEGII [49], Mu3e [50], or COMET [51], with an expected

improvement on the sensitivity of even four orders of magnitude for certain processes like

µ ! 3e, or Belle and Belle II for the tau decays [52–54].

– 13 –

Figure 5: Ratios BR(µ ! eee)/CR(µ Al ! e Al) (red points) and BR(µ ! eee)/BR(KL ! µe)
(blue points) as functions of M�/MLQ. See the text for details.

providing the most stringent bounds, which translate into lower limits on the masses as stringent
as M� & 200 TeV, MLQ & 500 TeV, for O(1) couplings. Table 4 and Eq. (39) show that
upcoming experiments will improve these limits by about one order of magnitude.

Even if not so constraining, µ ! e�, KL ! µe and K+ ! ⇡+µe depend on different
combinations of the couplings, hence ratios of the branching ratios of different modes can provide
information on the flavour structure of Y� and YLQ, that is, on the flavour structure of the
neutrino mass matrix, Eq. (31), as we will discuss below.

The matrices Y� and YLQ are related by the GUT boundary condition, Eq. (28). Moreover,
as discussed in Appendix C, the RGE running does not affect their flavour structure, only the
overall normalisation. Therefore, we see from Eq. (39) that the ratio between the rates of µ ! eee
and µ ! e conversion in nuclei only depends on MLQ/M�:

BR(µ ! eee) ' 0.0021

✓
MLQ

M�

◆4

CR(µ Au ! e Au) ' 0.0049

✓
MLQ

M�

◆4

CR(µ Al ! e Al) ,

(40)
where we employed the TeV-scale relation Eq. (29). It is then clear that measurements (or
constraints) of different LFV processes can provide non-trivial information on the mass spectrum
of the theory, to be combined with the constraints from gauge coupling unification and proton
decay discussed in the previous section. This is also depicted in Figure 5, where we plot the
ratio BR(µ ! eee)/CR(µ Al ! e Al) (red points) as a function of M�/MLQ, varying the mass
parameters within the 1�-favoured region of the Model 2 fit reported in Section 3.2.

The figure also displays BR(µ ! eee)/BR(KL ! µe) (blue points). In the latter case, the
correlation is much less pronounced since the two processes depend on different combinations
of the coupling matrices (see Eq. (39)), which are in turn affected by the uncertainty stemming
from the neutrino parameters in Eq. (31). To produce Figure 5, we employ the fits provided in
Refs. [80, 81] for the mixing angles and neutrino mass differences, while the poorly-constrained
Dirac phase and the unknown Majorana phases of the PMNS have been uniformly varied within
[0, 2⇡), and we scanned the value of the lowest neutrino mass (assuming normal hierarchy) in
the range 0.001 eV  m1  0.1 eV. The logarithm of the absolute strength of the coupling was
varied uniformly in the range �4.5  log10(|Y 11

� |)  �2.
The same choice of parameters has been employed to generate the plots of Figure 6, where

the rates of µ ! eee, µ Al ! e Al and KL ! µe are compared to the present bounds and
future experimental sensitivities reported in Table 4. As we can see, a large portion of the
parameter space is already excluded and substantially more is within the sensitivity of the
upcoming experiments, in particular Mu3e [65] and Mu2e/COMET [67, 68]. Therefore, unless

19

Figure 3: On the left, correlated behaviour of 𝜇 → 𝑒𝛾 and 𝜇 → 3𝑒 decays for a scotogenic NP model, as
studied in [7]. On the right, ratios of cLFV observables (BR(𝜇 → 3𝑒), BR(𝐾𝐿 → 𝜇𝑒) and CR(𝜇 − 𝑒, N)) as
a function of the ratio of the NP mediator masses (scalar triplet and LQ masses) in an SU(5) GUT model;
from [9].

supersymmetric GUT. Dedicated cLFV studies revealed peculiar patterns, dictated by the mass ratio
of the new triplet seesaw (Δ) mediator and its SU(5) leptoquark (LQ) partners. As visible on the
right panel of Fig. 3, there is a clear correlation of BR(𝜇 → 3𝑒), BR(𝐾𝐿 → 𝜇𝑒) and CR(𝜇 − 𝑒, N).
A near-future observation (as well as current bounds) seem to prefer scenarios in which 𝑀Δ > 𝑀LQ.
Furthermore, cLFV observations can also hint on the ordering of the light neutrino spectrum: if
BR(𝐾𝐿 → 𝜇𝑒) > 10× CR(𝜇−𝑒, N), the inverted ordering would be disfavoured. Further examples
of how the possible correlated behaviour of certain cLFV (muon) observables can help test and
falsify flavoured models of NP can be found, for example, in [10].

The previous example also highlights how other cLFV transitions (in addition to the well-known
muon radiative and 3-body decays, and conversion in nuclei) might be instrumental in probing NP
models. These modes include (semi-)leptonic meson decays, as well as the already mentioned
Muonium cLFV decays. Likewise, the tau sector should also be included1, even the more involved
decay modes (e.g. doubly lepton-flavour violating 𝜏 → 𝜇𝑒𝜇 3-body decays), which can sometimes
be at the source of the most stringent constraints (see, for instance, the study of [11]).

4. Leptonic phases and muon cLFV

As mentioned before, “patterns” of cLFV observables have been intensively explored as means
to falsify numerous NP models - including mechanisms of mass generation. In general, the different
fundamental seesaw realisations lead to well-defined signatures of cLFV ratios, which reflect the
nature of the distinct mediators, and whether the transitions occur at tree-level or at higher orders.
Especially in the case of low-scale seesaw realisations, the contributions to the distinct cLFV
transitions can be sizeable, and thus lead to important constraints on these SM extensions.

1From an experimental viewpoint, cLFV searches involving taus are more challenging since - and in comparison with
muons - no tau-lepton beams can be produced (taus are only obtained from meson decays), and the tau has a far shorter
life-time. On the other hand, and from a phenomenological perspective, tau leptons can also decay (semi-)hadronically,
and the set of contributing operators to the cLFV modes is much more extensive than for cLFV muon decays: if more
complex, this also allows further insight onto the nature of the NP model.
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However, most studies rely on CP conserving interactions - but leptonic CP phases (be them
Dirac and/or Majorana) are in general present in SM extensions aiming at accounting for neutrino
masses and lepton mixings, and are a crucial ingredient to explain the baryon asymmetry of the
Universe via leptogenesis. Recently, the impact of the leptonic CP phases on cLFV observables
was addressed for the generic case of SM extensions via at least 2 Majorana heavy neutral leptons
(HNL), relying on a simplified-model approach to well-motivated NP models, as for instance the
type I seesaw and its variants [12, 13]. In association with the 2 heavy sterile states, the effects due
to the new CPV phases can be at the source of important constructive and destructive interferences,
which strongly alter the theoretical expectations, and the interpretation of any future data. This
is clearly manifest in the left panel of Fig. 4: for the CP conserving case (blue) there is a visible
correlation of the neutrinoless conversion and 3-body muon decays (a consequence of having both
processes dominated by 𝑍-penguin contributions); in particular, and should HNL be at the source
of cLFV phenomena, any future observation of 𝜇 → 3𝑒 would suggest that 𝜇− 𝑒 conversion should
also be observed. Once CP violation is present (green and orange), there is a dramatic loss of
correlation. In view of the potential presence of CPV phases, constraining HNL extensions from
cLFV observables is an exercise that must be carefully done2. Leptonic CPV phases are also
expected to impact cLFV (neutral) boson decays; at an FCC-ee, one can look for their presence by
considering CP asymmetries in cLFV 𝑍 boson decays. In particular, and as seen from the right
panel of Fig. 4, for both BR(𝑍 → 𝜇𝜏) and BR(𝜏 → 3𝜇) within experimental reach, A𝐶𝑃 (𝑍 → 𝜇𝜏)
can be as large as 20%, thus offering a potential 3-fold way to test such minimal SM extensions via
at least 2 heavy sterile states.

Figure 4: On the left, projections for CR(𝜇−𝑒, Al) vs. BR(𝜇 → 3𝑒), for a minimal (ad-hoc) SM extension via
2 HNL: CP conserving limit (blue) and the effect of CP violating leptonic phases (orange and green); dotted
(dashed) lines denote current bounds (future sensitivity); from [12]. On the right, prospects for BR(𝜏 → 3𝜇)
vs. BR(𝑍 → 𝜏𝜇), also for a SM extension via 2 HNL. The colour code denotes the CP-asymmetry in 𝑍 → 𝜏𝜇

decays; dotted (dashed) lines denote current Belle bounds (FCC-ee future sensitivity); from [13].

2Although in general cLFV observables remain privileged probes for low-scale seesaw realisations relying on ad-
ditional heavy sterile fermions, lepton flavour universality violation observables and Γ(𝑍 → inv.) can be powerful
complementary probes to cLFV in the 𝜇 − 𝑒 sector, as recently pointed out in [14].
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5. Overview

In view of the very ambitious experimental programme, lepton physics is expected to provide
valuable hints on the underlying New Physics model, which is clearly needed to address the SM
caveats. Charged lepton flavour violating muon decays and transitions will offer precious help in
identifying the NP model at work, hinting on the scale and nature of the new mediators, reducing
ambiguities, constraining parameter spaces, or even falsifying SM extensions.

The near future will witness a unique experimental progress in muon-cLFV dedicated searches [15],
rendering a possible a discovery of New Physics, potentially before the observation of new res-
onance at colliders. Theory efforts and improved theoretical approaches must keep on par with
experimental developments: one must thus consider as many observables as possible (including
proposals of new ones), explore distinct approaches (effective theories, and dedicated phenomeno-
logical studies of well-motivated NP models), striving to increase theoretical control at all levels,
as well as fully exploring synergies of observables and flavour sectors.
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