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Introduction
There are good reasons to believe that the Standard Model is an incomplete 
theory, and to expect New Physics around the TeV scale (dark matter, baryon 
asymmetry of the universe, hierarchy problem...)

Flavour physics observables are indirectly sensitive to new particles  
(through their couplings to quarks and leptons) and are therefore 
complementary to direct searches at colliders:

In the quark sector, the data accumulated by K physics experiments and       
B factories do not show any clear signal of departure from the Standard 
Model, and put strong constraints on the flavour structure of its extensions

• provide some information about the flavour structure of new physics 
(couplings and mixing patterns of new particles which hopefully will be 
produced some day in a collider)

• sensitive to new physics scales / regions of new physics parameter 
space that may not be accessible at the LHC



The lepton sector is different from the quark sector in many respects:

1) so far lepton flavour violation (LFV) has been observed only in  the 
neutrino sector (               violates both Le and Lμ)

2) the SM predicts no observable flavour violation in the charged lepton 
sector.  The observation of any LFV process, e.g. μ → e γ, would be an 
unambiguous signal of new physics beyond the SM
[one cannot overestimate this advantage - compare with               ]

3) if neutrinos are Majorana particles, their masses must be generated by a 
specific mechanism involving new particles with flavour-violating couplings  
to leptons. This represents a new source of LFV with respect to the PMNS 
matrix (assumed to be the only source of LFV in the SM)

This makes lepton flavour violation a good probe of physics beyond the 
Standard Model (and of the mechanism of neutrino mass generation)

�µ � �e

(g � 2)µ



In the Standard Model, the violation of lepton flavour by the charged current 
does not imply large CLFV rates as a consequence of the GIM mechanism

e.g. µ → e γ :

The        - independent piece in the loop integral
drops by virtue of the unitarity of the PMNS matrix:

Same mechanism as for hadronic FCNCs, but                 is much smaller 
than                in     

Using known oscillations parameters gives                                        :
inaccessible to experiment!
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This is consistent with the Standard Model,
in which LFV processes involving charged
leptons are suppressed by the tiny neutrino
masses

e.g. µ → e γ :

Using known oscillations parameters (U = PMNS lepton mixing matrix) and  
|Ue3| < 0.2, this gives                                       : inaccessible to experiment!

This makes LFV a unique probe of new physics: the observation of e.g.         
µ → e γ 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)
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Experimental status of CLFV
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the experimental reach in the next future [5]. These
features are illustrated in Figure 1 and demonstrate
how searches in both ⌧ and muon sector are necessary
in order to constraint as many models as possible and
increase the chances of discovery.
This presentation covered the most recent results

in the search for LFV in charged lepton decays. In
the recent past, the searches in the ⌧ sector have been
mainly carried on at the B-Factories PEP-II (SLAC,
USA) and KEKB (KEK, Japan), by the BaBar and
Belle experiments, thanks to the large amount of ⌧
leptons produced in e+e� collisions around 10 GeV 2.
Now, LHC experiments at CERN are just entering the
game, with impressive and in part unexpected perfor-
mances. The muon sector have been instead explored,
in the last few years, by the MEG experiment, that
searches for the µ ! e� decay with a sensitivity that
reached a few 10�12. Beside LFV, new results have
been recently produced in the search for global Lepton
Number Violation (LNV), that can be used to con-
strain models with Majorana neutrinos. These results
are also covered here.

2. LFV AND LNV IN THE ⌧ SECTOR

In the past decade, the B-Factory experiments
BaBar and Belle allowed to set the most stringent
constraints presently available for LFV and LNV in
⌧ decays. Their latest limits for the most popular
decay channels ⌧ ! `� and ⌧ ! 3`, summarized in
Table I, are available since a few years, and will not be
reviewed in detail here (charge conjugation is under-
stood in the table and elsewhere through this paper).

Table I Latest results from BaBar and Belle for ⌧ ! e�

and ⌧ ! 3`.

Channel 90% C.L. Upper Limit [⇥10
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BaBar Belle

⌧
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+
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+
e
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+
µ

+
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+ ! e

�
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+
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⌧
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+
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3.7 [8] 1.8 [9]

⌧
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�
e

+
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+
2.2 [8] 1.5 [9]

⌧

+ ! µ

+
µ

+
µ

�
4.0 [8] 2.1 [9]
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The e+e� ! ⌧+⌧� cross section at such energies, at the

level of 1 nb, is as large as the e+e� ! bb cross section at the

⌥(5S) peak.

Instead, we will concentrate our attention to the
most recent results, concerning ⌧ decays with hadrons
in the final state. In particular, both Belle and BaBar
produced interesting limits on the ⌧ ! `h, ⌧ ! `hh0

and ⌧ ! ⇤h decays, where h and h0 indicate generic
hadrons.

2.1. Searches for ⌧ ! `h0

For what concerns the ⌧ ! `h0 channel, pseu-
doscalar (⇡0, ⌘, ⌘0 and K0

S) and vector bosons (⇢0,
�, !, K⇤

0 ) are considered in the final states, and re-
constructed in di↵erent final state, for a total of 17
decay channels. The best limits currently available
are summarized in Table II.

Table II Best available limits on ⌧ ! `h

0
decays.

Channel 90% C.L. Ref.

Upper Limit [⇥10

�8]

⌧

� ! µ

�
⇢

0
1.2 Belle [10]

⌧

� ! e

�
⇢

0
1.8 Belle [10]

⌧

� ! µ

�
� 8.4 Belle [10]

⌧

� ! e

�
� 3.1 Belle [10]

⌧

� ! µ

�
! 4.7 Belle [10]

⌧

� ! e

�
! 4.8 Belle [10]

⌧

� ! µ

�
K

⇤0
7.2 Belle [10]

⌧

� ! e

�
K

⇤0
3.2 Belle [10]

⌧

� ! µ

�
K

⇤0
7.0 Belle [10]

⌧

� ! e

�
K

⇤0
3.4 Belle [10]

⌧

� ! µ

�
⌘ 3.8 Belle [11]

⌧

� ! e

�
⌘ 3.6 Belle [11]

⌧

� ! µ

�
⇡

0
2.2 Belle [11]

⌧

� ! µ

�
K

0
S 3.3 BaBar [12]

⌧

� ! e

�
K

0
S 4.0 BaBar [12]

The analysis technique adopted for these decays is
very similar to the one already used for the ⌧ ! e�
and ⌧ ! 3` searches. At first, one selects events with
two or four charged tracks, according to the final state
under study. Then, working in the center of mass
(CM) frame, one defines the thrust axis of the event
as the axis along which the sum of the projections
of charged track and neutral candidate momenta is
maximum. A plane perpendicular to the thrust axis
divides the event into two hemispheres: one of them
(the tag side) is required to contain only one charged
track (identifying the decay of one ⌧ into a 1-prong
decay channel); the other hemisphere has to contain
the signal signature (including some particle identifi-
cation requirements, if needed), no other track, and
no other photon with energy above a given thresh-
old (typically 100 MeV). According to the number of
tracks in the signal hemisphere, the event is said to
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the experimental reach in the next future [5]. These
features are illustrated in Figure 1 and demonstrate
how searches in both ⌧ and muon sector are necessary
in order to constraint as many models as possible and
increase the chances of discovery.
This presentation covered the most recent results

in the search for LFV in charged lepton decays. In
the recent past, the searches in the ⌧ sector have been
mainly carried on at the B-Factories PEP-II (SLAC,
USA) and KEKB (KEK, Japan), by the BaBar and
Belle experiments, thanks to the large amount of ⌧
leptons produced in e+e� collisions around 10 GeV 2.
Now, LHC experiments at CERN are just entering the
game, with impressive and in part unexpected perfor-
mances. The muon sector have been instead explored,
in the last few years, by the MEG experiment, that
searches for the µ ! e� decay with a sensitivity that
reached a few 10�12. Beside LFV, new results have
been recently produced in the search for global Lepton
Number Violation (LNV), that can be used to con-
strain models with Majorana neutrinos. These results
are also covered here.

2. LFV AND LNV IN THE ⌧ SECTOR

In the past decade, the B-Factory experiments
BaBar and Belle allowed to set the most stringent
constraints presently available for LFV and LNV in
⌧ decays. Their latest limits for the most popular
decay channels ⌧ ! `� and ⌧ ! 3`, summarized in
Table I, are available since a few years, and will not be
reviewed in detail here (charge conjugation is under-
stood in the table and elsewhere through this paper).
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The e+e� ! ⌧+⌧� cross section at such energies, at the

level of 1 nb, is as large as the e+e� ! bb cross section at the

⌥(5S) peak.

Instead, we will concentrate our attention to the
most recent results, concerning ⌧ decays with hadrons
in the final state. In particular, both Belle and BaBar
produced interesting limits on the ⌧ ! `h, ⌧ ! `hh0

and ⌧ ! ⇤h decays, where h and h0 indicate generic
hadrons.

2.1. Searches for ⌧ ! `h0

For what concerns the ⌧ ! `h0 channel, pseu-
doscalar (⇡0, ⌘, ⌘0 and K0

S) and vector bosons (⇢0,
�, !, K⇤

0 ) are considered in the final states, and re-
constructed in di↵erent final state, for a total of 17
decay channels. The best limits currently available
are summarized in Table II.

Table II Best available limits on ⌧ ! `h
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The analysis technique adopted for these decays is
very similar to the one already used for the ⌧ ! e�
and ⌧ ! 3` searches. At first, one selects events with
two or four charged tracks, according to the final state
under study. Then, working in the center of mass
(CM) frame, one defines the thrust axis of the event
as the axis along which the sum of the projections
of charged track and neutral candidate momenta is
maximum. A plane perpendicular to the thrust axis
divides the event into two hemispheres: one of them
(the tag side) is required to contain only one charged
track (identifying the decay of one ⌧ into a 1-prong
decay channel); the other hemisphere has to contain
the signal signature (including some particle identifi-
cation requirements, if needed), no other track, and
no other photon with energy above a given thresh-
old (typically 100 MeV). According to the number of
tracks in the signal hemisphere, the event is said to
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have a 1-1 or a 1-3 topology. Once the event is selected
in this way, the main background contributions come
from e+e� ! ⌧+⌧� and e+e� ! µ+µ� with initial
state radiation, two-photon events e+e� ! �⇤�⇤e+e�

and continuum e+e� ! qq (q = u, c, s, d) events.
Moreover, some specific physical backgrounds can be
relevant in a given channel. In the ⌧ ! `! search,
for instance, a significant contribution comes from
⌧ ! ⇡!⌫, with the pion misidentified as a lepton.
The signal is separated from backgrounds by asking

for the reconstructed mass of the signal ⌧ , M⌧ , to be
around the nominal ⌧ mass and the missing energy in
the signal side, �E = ECM

⌧ � ECM
beam, to be around

zero. Either these requirements are imposed for the
events to be selected, and the number of surviving
events is compared to the expected background yield,
or a likelihood for these observables is built, and used
to set a limit on the signal yield.
From the theoretical point of view, setting limits on

the ⌧ ! `h decay rates is found to be very e↵ecting
in constraining some specific NP model. For instance,
it has been shown [13] that the ⌧µ Yukawa couplings
in Two-Higgs-Doublet models of Type III are strongly
constrained by the results shown in Table II.

2.2. Searches for ⌧ ! `hh0 (h = ⇡±, K±)

Searches for ⌧ ! `hh0, with h = ⇡±, K±, are per-
formed with the same technique outlined in Sec. 2.1.
Events with 1-3 topology are selected, and 14 di↵er-
ent modes are searched for. Eight of them (⌧� !
`�h+h0�) violate the lepton flavor but conserve the
global lepton number, the other six (⌧� ! `+h�h0�)
also imply LNV.
Relevant backgrounds arise from specific physical

processes. In the ⌧ ! µK⇡ channel, pion-to-muon
and pion-to-kaon misidentification produces a signif-
icant background coming from ⌧ ! ⇡⇡⇡⌫. In order
to reduce this contribution, the invariant mass of the
three charged tracks in the signal side, when they are
all assigned a pion mass hypothesis, is required to be
above 1.52 GeV/c2

The best limits for the ⌧ ! `hh0 decay modes, ob-
tained by the Belle Collaboration [14], are reported in
Table III.

2.3. Searches for ⌧ ! ⇤h (h = ⇡±, K±)

There is a specific theoretical interest for the LNV
decay modes ⌧ ! ⇤h, (h = ⇡±, K±), in NP models
with higher generations [15]. These decays have been
searched for by the Belle Collaboration, considering
two modes that conserve the di↵erence B � L of the
baryon number and the global lepton number (⌧� !
⇤h�) and two modes that also violate it (⌧� ! ⇤h�).
A 1-3 topology is used also for these modes, by re-

constructing the ⇤ ! p⇡ decay modes. Two impor-

Table III Best available limits on ⌧ ! `hh

0
decays [14].

Channel 90% C.L.

Upper Limit [⇥10

�8]

⌧

� ! µ

�
⇡

+
⇡

�
2.1

⌧

� ! µ

+
⇡

�
⇡

�
3.9

⌧

� ! e

�
⇡

+
⇡

�
2.3

⌧

� ! e

+
⇡

�
⇡

�
2.0

⌧

� ! µ

�
K

+
K

�
4.4

⌧

� ! µ

+
K

�
K

�
4.7

⌧

� ! e

�
K

+
K

�
3.4

⌧

� ! e

+
K

�
K

�
3.3

⌧

� ! µ

�
⇡

+
K

�
8.6

⌧

� ! e

�
⇡

+
K

�
3.7

⌧

� ! µ

�
K

+
⇡

�
4.5

⌧

� ! e

�
K

+
⇡

�
3.1

⌧

� ! µ

+
K

�
⇡

�
4.8

⌧

� ! e

+
K

�
⇡

�
3.2

tant background sources require a specific treatment.
At first, in e+e� ! ⌧+⌧� decays, one of the two pi-
ons can decay into K0

S⇡, and a K0
S ! ⇡+⇡� decay can

fake a ⇤ if a pion is misidentified as a proton. This
background can be reduced by rejecting events where
the two tracks forming the ⇤ candidate, once a pion
mass is assigned to both of them, have an invariant
mass that is consistent with a K0

S hypothesis. Sec-
ond, continuum e+e� ! qq events can produce a ⇤ in
association with charged and low-momentum neutral
pions. In this case, baryon number conservation im-
plies a proton on the tag side, that can be vetoed to
reduce this kind of contamination.

As reported in [16], Belle set the 90% C.L. upper
limits BR(⌧� ! ⇤⌧�) < 2.8 ⇥ 10�8 and BR(⌧� !
⇤K�) < 3.1⇥10�8 for the (B�L)-conserving modes,
and BR(⌧� ! ⇤⌧�) < 3.0 ⇥ 10�8 and BR(⌧� !
⇤K�) < 4.2⇥ 10�8 for the (B � L)-violating modes.

2.4. Searches for ⌧ LFV at LHC

At LHC, a large amount of ⌧ leptons is produced
in the decays of B(s) and Ds mesons. At LHCb, the
cross section for ⌧ production is around 80 nb. As a
result, LHC experiments can productively search for
LFV in ⌧ decays, at least for these modes with only
charged tracks in the final state. The first limit set
by LHCb, BR(⌧ ! 3µ) < 6.3�8 at 90% C.L. has
been first presented at this conference. It is impressive
how LHCb already starts to be competitive with B-
Factories in this field. Searches for ⌧ ! µ� and ⌧ !
µhh0 could be also feasible in the LHC environment.

FPCP2012-xx
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Searches for tau LFV at LHCb

best upper limit at a hadron collider, still less sensitive than BELLE:

The upgraded LHCb experiment should reach a few 

Ongoing sensitivity studies for

should reach the sensitivity of current B factories

BR (⌧� ! µ+µ�µ�) < 7.8 (6.3)⇥ 10�8 95% (90%)C.L.

BR (⌧� ! µ+µ�µ�) < 2.1⇥ 10�8 (90%C.L.)

10�9

Bs ! e�µ+, D0 ! e�µ+

[‟Implications of LHCb measurements and future prospects”,  arXiv:1208.3355]



Muon LFV

Also strong constraints on LFV rare decays of mesons:

8 LFV experiments
Mixing of leptonic states with different family number as observed in neutrino oscillations does not
necessarily imply measurable branching ratios for LFV processes involving the charged leptons. In
the Standard Model the rates of LFV decays are suppressed relative to the dominant family-number
conserving modes by a factor (δmν/mW )4 which results in branching ratios which are out of reach
experimentally. Note that a similar family changing quark decay such as b → sγ does obtain a very
significant branching ratio of O(10−4) due to the large top mass.

As has been discussed in great detail in this report, in almost any further extension to the Standard
Model such as Supersymmetry, Grand Unification or Extra Dimensions additional sources of LFV ap-
pear. For each scenario a large number of model calculations can be found in the literature and have been
reviewed in previous sections, with predictions that may well be accessible experimentally. Improved
searches for charged LFV thus may either reveal physics beyond the SM or at least lead to a significant
reduction in parameter space allowed for such exotic contributions.

Charged LFV processes, i.e. transitions between e, µ, and τ , might be found in the decay of almost
any weakly decaying particle. Although theoretical predictions generally depend on numerous unknown
parameters these uncertainties tend to cancel in the relative strengths of these modes. Once LFV in the
charged lepton sector were found, the combined information from many different experiments would
allow us to discriminate between the various interpretations. Searches have been performed in µ, τ , π,
K , B, D, W and Z decay. Whereas highest experimental sensitivities were reached in dedicated µ and
K experiments, τ decay starts to become competitive as well.

8.1 Rare µ decays
LFV muon decays include the purely leptonic modes µ+ → e+γ and µ+ → e+e+e−, as well as the
semi-leptonic µ − e conversion in muonic atoms and the muonium - antimuonium oscillation. The
present experimental limits are listed in Table 8.1.

Table 8.1: Present limits on rare µ decays.

mode upper limit (90% C.L.) year Exp./Lab. Ref.
µ+ → e+γ 1.2 × 10−11 2002 MEGA / LAMPF [173, 930]
µ+ → e+e+e− 1.0 × 10−12 1988 SINDRUM I / PSI [687]
µ+e− ↔ µ−e+ 8.3 × 10−11 1999 PSI [931]
µ− Ti→ e−Ti 6.1 × 10−13 1998 SINDRUM II / PSI [932]
µ− Ti→ e+Ca∗ 3.6 × 10−11 1998 SINDRUM II / PSI [933]
µ− Pb→ e−Pb 4.6 × 10−11 1996 SINDRUM II / PSI [934]
µ− Au→ e−Au 7 × 10−13 2006 SINDRUM II / PSI [935]

Whereas most theoretical models favor µ+ → e+γ, this mode has a disadvantage from an exper-
imental point of view since the sensitivity is limited by accidental e+γ coincidences and muon beam
intensities have to be reduced now already. Searches for µ− e conversion, on the other hand, are limited
by the available beam intensities and large improvements in sensitivity may still be achieved.

All recent results for µ+ decays were obtained with “surface” muon beams containing muons
originating in the decay of π+’s that stopped very close to the surface of the pion production target,
or “subsurface” beams from pion decays just below that region. Such beams are superior to conven-
tional pion decay channels in terms of muon stop density and permit the use of relatively thin (typically
10 mg/cm2) foils to stop the beam. Such low-mass stopping targets are required for the ultimate reso-
lution in positron momentum and emission angle, minimal photon yield, or the efficient production of
muonium in vacuum.

166

updated by MEG (see next slide)

BR (K0
L ⇥ µe) < 4.7� 10�12

BR (B0
d ⇥ µe) < 1.7� 10�7 [Belle]

BR (B0
s ⇥ µe) < 6.1� 10�6 [CDF]

[BNL E871]

[WG3 report of the “Flavour in the Era of the LHC” workshop, arXiv:0801.1826]



Latest MEG result (Moriond EW 2013) 

Prospects:

Taking data until summer 2013

MEG upgrade approved in January 2013: expect                 in 3 years 

Likelihood Analysis Summary

Upper limit from all combined dataset: 

 B<5.7×10-13 (90%C.L.)

×4 more stringent than the present upper limit

Best fit Upper limit 
(90% C.L.)

Sensitivity

2009-2010

2011

2009-2011

 0.09×10-12 1.3×10-12 1.3×10-12

-0.35×10-12 6.7×10-13 1.1×10-12

-0.06×10-12 5.7×10-13 7.7×10-13

Fit results on branching ratio

17

5⇥ 10�14



μ → e γ :

MEG update should reach                  in 3 years of acquisition time

μ → eee :

Mu3e proposal at PSI aims at                 (improvement by 4 orders of magn.)

μ → e conversion in nuclei :

The projects mu2e at FNAL and COMET aim at a sensitivity below 
More ambitious projects under study at FNAL and  J-PARC

τ decays :

The upgraded LHCb experiment should reach a few          on 
Future B factories (KEKB, SuperB) should probe the                       level 

Prospects for CLFV experiments

⇥ � µµµ
10�9 � 10�10

O(10�18)

5⇥ 10�14

O(10�16)

10�16

10�9



Model-independent constraints

Effective Lagrangian approach: add to the SM Lagrangian higher-
dimensional LFV operators and constrain their coefficients:

(+ operators involving quarks and leptons)

The most stringent constraints come from li → lj γ (especially µ → e γ), 
µ → eee, µ-e conversion and 

The local operators Oa are gauge invariant combinations of SM fields of dimension 4 + n. Their coeffi-
cient, that in the full Lagrangian has mass dimension −n, is unknown in bottom-up effective field theory,
but calculable in NP models. We write this coefficient as a dimensionless Ca divided by the n-th power
of the mass scale of the NP mediator, mn

NP, which for new physics relevant at LHC energies would be
mNP ∼ √

sLHC . We will later normalize to GF (see Eq. (3.20)).
We are mainly interested in dimension 5 and dimension 6 operators. We assume that any particles

created at the LHC could generate dimension 6 operators, and then we can neglect higher dimension op-
erators contributing to the same physical processes. Operators of dimension 7 include the lepton number
violating operator εabεcdHa"b[iσ

µνHc"dj]Fµν which gives neutrino transition moments (flavour-changing
dipole moments) after electroweak symmetry breaking (EWSB). At dimension 8 are two-Higgs-four-
fermion operators, which can give 4-fermion operators after EWSB, with a different flavour structure
from the dimension 6 terms. We will not analyze these operators here, but they are studied in the context
of non-standard neutrino interactions [162]. Therefore, in the following, we restrict our analysis to L1

and L2.
The unique operator allowed with the Standard Model fields and symmetries at dimension 5 is

Oij
"" = εabεcdHa"c

b
iH

c"dj (a, b, c, d are SU(2) indices). Thus we have,

L1 =
1

4
κ ij

ν"" · εabεcdH
a"c

b
iH

c"dj + h.c. , (3.4)

where "c is the charge conjugate of the lepton doublet. After electroweak symmetry breaking, this gives
rise to a Majorana mass matrix 1

4 κ
ij
""〈H

0〉2νc
iνj + h.c. . In the neutrino mass eigenstate basis, the

masses are κii
""〈H

0〉2/2. The coefficient κij
"" = 2YkiM

−1
k Ykj is generated for instance after integrating

out heavy right-handed neutrinos of massMk in a seesaw mechanism with Yukawa coupling Y .
L2 is constructed with dimension 6 operators which give interactions among 3 or 4 “light” external

legs. We can classify the possible operators according to the external legs as:

– operators with a pair of leptons and an (on-shell) photon:

Oij
eB = "iσ

µνeRjHBµν , Oij
eW = "iσµντ IeRjHW I

µν . (3.5)

– four-lepton operators, with Lorenz structure LLLL, RRRR or LRRL, singlet or triplet SU(2)
gauge contractions (described in the operator subscript), and all possible inequivalent flavour index
combinations (see Section 3.1.2). The SU(2) × U(1) invariant operators, with flavour indices in
the superscript, are:

Oijkl
(1)"" = ("iγ

µ"j)("kγµ"l), Oijkl
(3)"" = ("iτ Iγµ"j)("kτ Iγµ"l),

Oijkl
ee = (eiγ

µPRej)(ekγµPRel), Oijkl
"e = ("iej)(ek"l). (3.6)

Therefore the Lagrangian L2 involving leptons is8,

L2 = Cij
eB · Oij

eB + Cij
eW · Oij

eW +
1

1 + δ

(
Cijkl

(1)"" · O
ijkl
(1)"" + Cijkl

(3)"" · O
ijkl
(3)"" +

Cijkl
ee · Oijkl

ee + 2 Cijkl
"e · Oijkl

"e .
)

+ h.c. , (3.7)

where we introduce the parameter δ to cancel possible factors of 2 that can arise from the + h.c.: it is
1 for Oij...

... = [Oij...
... ]†, otherwise it is 0. The sums over i, j, k, l run over inequivalent operators, taking

an operator to be inequivalent if neither it, nor its h.c., are already in the list. The factor of 2 in the
8Note that we do not include here 2 quark–2 lepton operators and, in the following, we will only consider the photon

component of the dipole operators.
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Examples of constraints:

µ → e γ :

The exp. upper bound                                                 translates into

µ → e e e :

The exp. upper bound                                        translates into

➞ CLFV starts to be sensitive to scales comparable to kaon physics:

CMN
eeeµ

�2
NP

(ē�µPMe) (ē�µPNµ) + h.c.

BR (µ� eee) < 10�12
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Impressive constraints but not very informative: the coefficients of the 
effective operators are combinations of couplings, new particle masses and 
possible loop factors

Also in a given model cancellations between different contributions may  
arise (e.g. due to a symmetry)

➞ need to consider more explicit theoretical scenarios to fully exploit the 
experimental data



In (R-parity conserving) supersymmetric extensions of the Standard Model, 
LFV is induced by a misalignment between the lepton and slepton mass 
eigenstate bases, which can be parametrized by the mass insertion 
parameters (α ≠ β):

In the mass insertion approximation, the branching ratio for µ → e γ reads

with fL, fR functions of the superpartner masses and of tan β. For moderate 
to large tan β, the branching ratio approximately scales as tan² β

Constraints on supersymmetric models
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21
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Many new physics scenarios predict “large” LFV rates: supersymmetry,    
extra dimensions, little 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 (α ≠ β):

In the mass insertion approximation, the branching ratio for µ → e γ reads

with fL, fR functions of the superpartner masses and of tan β. For moderate 
to large tan β, the branching ratio approximately scales as tan² β

Theoretical expectations/predictions
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In (R-parity conserving) supersymmetric extensions of the Standard Model, 
potentially large FCNCs are induced by a misalignment between the fermion 
and sfermion mass eigenstate bases - e.g. for               mixing:

Z = unitary matrix, e.g.                         , where
                      brings the LH down quarks (squarks)
to their mass eigenstate basis

                        ⇒                        for equal squark masses

GIM suppression only effective for approximately degenerate squark masses 
(unless strong squark/gluino mass hierarchy), or small off-diagonal Z entries 
(”alignement”)  [Nir, Seiberg ’93]

Digression on the mass insertion approximation

K0�K̄0
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Instead of working with flavour off-diagonal gluino couplings, work in the 
basis in which these couplings are diagonal, but the squark mass matrices are 
not

Then the FCNC diagrams involve off-diagonal squark propagators, which can 
be expanded around the diagonal (assuming small off-diagonal masses)

If the mi are close, one can expand around an average squark mass and 
introduce mass insertion parameters:

e.g.               mixing

�
1

k2 �M2

⇥

ij

=
1

k2 �m2
i

�ij +
1

k2 �m2
i

M2
ij

1
k2 �m2

j

+ · · ·

�ij �
M2

ij

m̄2
← flavour-violating mass insertion 

K0�K̄0
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Fig. 5.3: Upper limits on δ12’s in mSUGRA. HereM1 andmR are the bino and right-slepton masses, respectively.
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Fig. 5.4: Upper limits on δ23’s in mSUGRA. HereM1 andmR are the bino and right-slepton masses, respectively.

have to be quite small, and this constitutes the so-called supersymmetric CP problem. For the bounds on

the sources of CPV also associated to FV, like e.g. Im(δLL
ij δRR

ji )ee and so on, we refer to the plots in
Ref. [158].

5.2.2 Lepton flavour violation from RGE effects in SUSY seesaw model

5.2.2.1 Predictions from flavour models

Consider first the possibility that flavour and CP are exact symmetries of the soft supersymmetry breaking

sector defined at the appropriate cutoff scaleΛ (to be identified with the Planck scale for supergravity, the
messenger mass for gauge mediation, etc). If below this scale there are flavour and CP-violating Yukawa

interactions, it is well-known that in the running down to mSUSY they will induce a small amount of

flavour and CP-violation in sparticle masses.

The Yukawa interactions associated to the fermion masses and mixing of the SM clearly violate

any flavour and CP symmetries. However, with the exception of the third generation Yukawa couplings,

all the entries in the Yukawa matrices are very small and the radiatively induced misalignment in the

sfermion mass matrices turns out to be negligible. The Yukawa interactions of heavy states beyond the

SM coupling to the SM fermions induce misalignments proportional to a proper combination of their

Yukawa couplings times ln mF /Λ, where mF represents the heavy state mass scale. This is the case

for the seesaw interactions of the right-handed neutrinos [139, 140] and/or the GUT interactions of the

heavy colored triplets [670,671] (those eventually exchanged in diagrams inducing proton decay). Notice

that the observation of large mixing in light neutrino masses, may suggest the possibility that also the

75

[Masina, Savoy ’02]



Important difference with the quark sector: even if slepton soft terms are 
flavour universal at some high scale, radiative corrections may induce large 
LFV [quark sector: controlled by CKM, pass most flavour constraints]

Such large corrections are due to heavy states with FV couplings to SM 
leptons, whose presence is suggested by mν << ml

Most celebrated example: (type I) seesaw mechanism

                                     ⇒

Assuming universal slepton masses at MU, one obtains at low energy:

where                                              encapsulates all the dependence on the 
seesaw parameters

Lseesaw = −
1

2
MiN̄iNi −

(

N̄iYiαLαH + h.c.
)

(Mν)αβ = −
∑

i

YiαYiβ

Mi
v
2 (v = 〈H〉)

(m2
L̃
)�⇥ ⇥ � 3m2

0 + A2
0

8�2
C�⇥ , (m2

ẽ)�⇥ ⇥ 0 , Ae
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8�2
A0ye� C�⇥
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�

k Y ⇤
k�Yk⇥ ln(MU/Mk)

BR (l� � l⇥�) ⇥ |C�⇥ |2

[Borzumati, Masiero ’86]



However, due to the large number of (type I) seesaw parameters (18 
parameters for 9 physical quantities in the light neutrino sector), there are    
no generic predictions for CLFV from the supersymmetric seesaw

Rather predictions from specific model, e.g. when the seesaw mechanism is 
embedded in a Grand Unified Theory, or in the presence of flavour 
symmetries that constrain

Example: SO(10)-inspired mass relations Y = Yu   [Calibbi et al., arXiv:1207.7227]

assume equal eigenvalues
but allow different mixings

                                  

details of our numerical analysis. In section 4, we present our results. We conclude with a
summary and outlook in section 5. Finally, in appendix A we describe the proposed future
experiments and their expected sensitivity.

2 Seesaw in mSUGRA and NUHM

The phenomenology of SUSY Type I seesaw mechanism with universal boundary conditions
(mSUGRA/CMSSM) has been studied in many papers (see [29, 30] for a set of recent
works). Here we review some essential features related to flavor violation for completeness
and to do a comparison with the case of non-universal Higgs masses. To set the notation,
the Type I seesaw mechanism is characterized by a superpotential containing the following
terms

W � YeLe
cHd +Y⌫L⌫

cHu +
1

2
MR⌫

c⌫c (2.1)

where L (ec) stands for the leptonic doublets (singlets) and ⌫c are the right-handed (RH)
neutrino superfields (with the generation indices not explictely written). Ye and Y⌫ are
the electron and neutrino (Dirac) Yukawa matrices.

In models like CMSSM/mSUGRA, the soft terms are assumed to be universal at the
Grand Unification (GUT) scale, M

GUT

⇠ 2⇥1016 GeV. At the weak scale as is well known,
the soft terms are no longer universal due to the e↵ects of the renormalization group (RG)
running. The presence of the RH neutrinos of eq. (2.1) at an intermediate scale contribute
to the running and generate flavor violating entries in the left-handed slepton mass matrix
at the weak scale [31]. At the leading order these terms can be estimated to be:

(m2

˜L
)i 6=j ⌘

⇣
�`

i 6=j

⌘

LL
⇡ �3m2

0

+A2

0

8⇡2

X

k

(Y ⇤
⌫ )ik (Y⌫)jk log

✓
MX

MRk

◆
, (2.2)

where MX represents the GUT scale and MRk , the scale of the k
th RH neutrino. m

0

and A
0

stand for the usual universal soft mass and trilinear terms at the high scale. Y⌫ , the Dirac
neutrino Yukawa couplings are free parameters in the Type I seesaw mechanism which
cannot be completely determined even after including the complete data on the neutrino
mass matrix [32].

SO(10) models with their matter representations being 16-dimensional provide a nat-
ural setting for the seesaw mechanisms. Furthermore, they provide information about the
neutrino Yukawa couplings. For example, it is known that as long as we restrict to renor-
malisable SO(10) models, at least one of the neutrino Yukawa couplings should be as large
as the top Yukawa coupling [25]. Thus with suitable assumptions for the (left-handed)
mixing of the Dirac Yukawa Neutrino mass matrix, one can make predictions for the flavor
violation generated at the weak scale from eq. (2.2). Two extreme scenarios for mixing are
typically considered to be present in Y⌫ [25, 26, 33] :

Y⌫ = Yu (CKM Case)

Y⌫ = Ydiag

u U
PMNS

(PMNS Case), (2.3)

where Yu = V
CKM

Ydiag

u V†
CKM

. Both these scenarios can be motivated from concrete
models of fermion masses within the SO(10) framework [25, 26]. The flavor violating o↵-
diagonal entries at the weak scale, eq. (2.2), are then completely determined by assuming

– 3 –

Figure 3. The figure in the left panel shows the BR(µ ! e�) obtained by scanning the mSUGRA
parameters in the ranges given in eq. (3.1) and for fixed tan� = 10 and Ue3 = 0.11 (the lowest value
allowed at 3� by recent RENO observation). The red (blue) colored points correspond to PMNS
(CKM) case. Di↵erent horizontal lines correspond to present and future bounds on BR(µ ! e�).
The figure in the right panel shows the allowed space in the m0 � m1/2 plane which satisfy the
current MEG bound. The region below the red line is excluded by the current LHC searches [7].
Both the plots satisfy all the constraints in eq. (3.2).

suppressed branching fractions due to the smallness of CKM angles (see table (1)) as has
been detailed in [26]. Though there has been no strong improvements in the experimental
sensitivity compared to the analyses of [26], we update the result with the light Higgs mass
constraint. In figure 3 we show the results for tan� = 10. As we can see, some part of the
parameter space of the CKM case can be probed by the proposed Project-X experiment4

for µ ! e�. At present the main constraint to this scenario is simply provided by the mh

range of eq. (1.1), that excludes the regions with lighter SUSY spectra: m
0

. 2 TeV for
small M

1/2, M1/2 . 1 TeV for small m
0

, as we can see from the right panel of the figure.
We can also notice that the LHC limits on the mSUGRA parameter space has already
started to constrain regions of the parameter space otherwise allowed by the bounds in
eq. (3.2).

Let us now turn our attention to other observables like µ ! eee, µ ! e conversion
in nuclei and ⌧ ! µ�, which is independent of ✓

13

. In figures 4, 5 and 6, we show the
predicted rates for ⌧ ! µ�, µ ! eee and µ ! e conversion in the Titanium nucleus versus
the BR(µ ! e�) (that is at present the most constraining LFV observable), for the PMNS
case in mSUGRA (red points) and in NUHM1 (green points) as well as for the CKM case
(blue points).

As can be seen from figure 4, in the PMNS case, the present MEG limit on BR(µ ! e�)
implies BR(⌧ ! µ�) . 10�12, beyond the reach of the proposed experiments. This is a
direct consequence of the large value of ✓

13

measured by Daya Bay and RENO. In fact,
from eq.(2.4,2.5) and table 1, we have:

BR(⌧ ! µ�)

BR(µ ! e�)
⇡ |U⌧3Uµ3|2

|Uµ3Ue3|2 ⇥ BR(⌧ ! µ⌫⌫̄) ⇡ O(1). (4.1)

In the CKM case (blue points), the small mixing angle and the mh bound are such that
BR(⌧ ! µ�) . 10�10. Thus, the scenarios discussed here allow possible signals of LFV in

4In appendix A we present a brief summary of all the future experimental facilities related to the flavor
violating observables discussed in the text.

– 8 –

scan over mSUGRA parameters, tan β = 10, Ue3 = 0.11



Other example: type II seesaw mechanism

= heavy scalar SU(2)L triplet exchange

                ⇒

The radiative corrections to soft slepton masses are now controlled by

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

1�
2
Y ij

T LiTLj + 1�
2
� HuT̄Hu + MT T T̄

M ij
� = � Y ij

T

v2
u

MT

(Y †
T YT )�⇥ ln(MU/MT ) �

�
i m2

⇤i
Ui�U�

i⇥

LFV  in SUSY T-Seesaw

The relevant LFV structure is Minimal :

Relative LFV size predicted in a model-independent way - i.e. no dependence

on either the seesaw parameters,  , or the SUSY ones, 

but only dependence on the low-energy neutrino parameters !"#"$%&&%

Notice: no dependence on the lightest ν mass m1  and on the Majorana phases

Anna Rossi – “LFV in neutrino Seesaw scenarios” CERN, March 27, 2007 17

Similarly for other LFV-decays

[A. Rossi ’02]



In the context of Grand Unification, other heavy states may induce flavour 
violation in the slepton (and in the squark) sector

e.g. minimal SU(5) with type I seesaw: coloured Higgs triplets couple to RH 
quarks and leptons with the same Yukawa couplings as the Higgs doublets 

⇒ potentially large radiative corrections to the soft terms of the singlet 
squarks and sleptons (absent in the MSSM at leading order); in particular, 
comtributions to             controlled by the top Yukawa:

and contributions to            controlled by the RHN couplings ⇒ correlation 
between leptonic and hadronic flavour violations

Similar effects (although of different origin) in SO(10) models with type II 
seesaw [Calibbi, Frigerio, SL, Romanino ’09]

[Barbieri, Hall, Strumia]
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Type II seesaw in non-standard SO(10) unification [Calibbi, Frigerio, SL, Romanino ’09]

Triplet seesaw realized by non-standard embedding of the SM fermions into 
SO(10) representations:

                 form a (heavy) vector-like pair of matter fields

Triplets contained in a 54-dimensional representation

The squark and slepton soft terms receive flavour-violating radiative 
corrections from:

➞ flavour structure of the radiative corrections predicted in terms of low-
energy parameters [up quark and neutrino masses, quark and lepton mixing]

16i = 10i � . � 1i

10i = . � 5̄10
i

(510
i , 5̄16

i )

• the heavy triplets and their SO(10) partners (components of the 54)   
⇒ controlled by the fij’s (                   )

• the heavy quarks and leptons (heavy components of the 16i and 10i)    
⇒ controlled by the up-quark Yukawa couplings (                   )

fij10i10j54

yij16i16j10



Assuming universal soft terms at the GUT scale, we obtain in the leading-log 
approximation (in matrix form):

The first term in the bracket is present in the SU(5) version of the type II seesaw 
[A. Rossi], the next two are due to the presence of the heavy quarks and leptons

Contrary to the standard type II seesaw, flavour violation is also induced in 
the singlet slepton and doublet squark sectors:

      has the same flavour structure as the MSSM radiative corrections�m2
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Correlations between µ → e γ and other LFV processes

(triplet parameters fixed, scan over                                        ,
                                                                                             )

—  τ → µ γ
—  µ Ti → e Ti

—  µ → e e e

A0 = 0, tan� = 10, µ > 0

m0 < 3TeV, M1/2 < 2TeV



Since radiative corrections to slepton soft terms are large, interfere with 
possible non-universal contributions from supersymmetry breaking (different 
from quark sector)

⇒ difficult to disentangle them, unless correlations characteristic of a given 
scenario are observed

An interesting scenario: type II seesaw with the triplet [extended to a      
(15, 15*) of SU(5)] mediating supersymmetry breaking

⇒ gauge and Yukawa-mediated supersymmetry breaking (controlled by  
gauge couplings and Y15 = YT)

⇒ soft terms determined by M15, B15 [the FX / X of gauge mediation],  Y15 
and λ : predictive scenario (can trade Y15 for the neutrino mass matrix)

[Joaquim, Rossi]

W(15,15) =
1�
2
(Y15 5̄ 15 5̄ + � 5H 15 5H) + ⇥ X 15 15

⇤X⌅ = ⇤SX⌅+ ⇤FX⌅�2 ⇥ ⇥⇤X⌅ = M15 �B15M15�
2
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Fig. 5.28: Branching ratios of several LFV processes as a function of λ. The left (right) vertical line indicates the

lower bound on λ imposed by requiring perturbativity of the Yukawa couplings YT,S,Z when m1 = 0 (0.3) eV

[normal-hierarchical (quasi-degenerate) neutrino mass spectrum]. The regions in green (grey) are excluded by the

m!̃1
> 100 GeV constraint (perturbativity requirement whenm1 = 0).

5.3.3 LFV from a generic SO(10) framework

The spinorial representation of the SO(10), given by a 16-dimensional spinor, can accommodate all the
SM model particles as well as the right handed neutrino. As discussed in Section ??, the product of

two 16 matter representations can only couple to 10, 120 or 126 representations, which can be formed

by either a single Higgs field or a non-renormalizable product of representations of several Higgs fields.

In either case, the Yukawa matrices resulting from the couplings to 10 and 126 are complex-symmetric,

whereas they are antisymmetric when the couplings are to the 120. Thus, the most general SO(10)
superpotential relevant to fermion masses can be written as

WSO(10) = Y 10
ij 16i 16j 10 + Y 126

ij 16i 16j 126 + Y 120
ij 16i 16j 120, (5.67)

where i, j refer to the generation indices. In terms of the SM fields, the Yukawa couplings relevant for

fermion masses are given by [742, 743]:

16 16 10 ⊃ 5 (uuc + ννc) + 5̄ (ddc + eec), (5.68)

16 16 126 ⊃ 1 νcνc + 15 νν + 5 (uuc − 3 ννc) + 4̄5 (ddc − 3 eec),

104
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Flavour-violating couplings of light
fermions to Kaluza-Klein excitations
of neutral gauge bosons ⇒ tree-level
FCNCs

Milder flavour violation in warped
(Randal-Sundrum) models in which
the fermion mass hierarchies are
accounted for by different profiles
in the extra dimension (small overlap of light fermions with gauge boson   
KK wavefunction) → “RS-GIM” mechanism

Agashe, Blechman, Petriello ’06: RS model with Higgs propagating in the bulk     
(li → lj γ UV sensitive if Higgs localized on the IR brane)

Present bounds on LFV processes compatible with O(1 TeV) KK masses, 
with however some tension between loop-induced li → lj γ and tree-level    
µ → e conversion [can be improved with different lepton reps (2009)]

LFV in extra-dimensional scenarios
Warped models may overcome both difficulties

Gherghetta & Pomarol;

                Huber & Shafi (00)

♦ 0-modes configuration looks similar to flat case. 

Higgs and KK states are localized on the IR. 

⇥
2

⇥
�

f��⇥
Higgs

heavylight

Warped 5D

1st KK

Light fields have highly suppressed coupling to KK modes!

UV IR



FIG. 4: Scan of the µ → 3e and µ − e conversion predictions for MKK = 3, 5, 10 TeV. The solid

and dashed lines are the PDG and SINDRUM II limits, respectively.

set of processes.

B. Scan for the bulk Higgs field scenario

We now present the results of our scan over the bulk Higgs parameter space. For the scan
we set ν = 0, which mimics the composite (or A5) Higgs model of [16]; we present separately
the ν dependence of the most important constraints.

We again begin by considering muon initiated processes. The constraints from µ → 3e
and µ − e conversion are highly correlated, as we saw in the previous subsection. Since
the bounds from µ − e conversion are stronger, we focus on this and µ → eγ. We show in
Fig. 6 scatter plots of the predictions for BR(µ → eγ) and Bconv coming from our scan of
the RS parameter space, for the KK scales MKK = 3, 5, 10 TeV. For µ → eγ we include
both the current constraint from the Particle Data Group [24] and the projected sensitivity
of MEG [18]. The current bounds from µ → eγ are quite strong; from the MKK = 3 TeV
plot in Fig. 6, we see that only one parameter choice satisfies the BR(µ → eγ) bound.
This point does not satisfy the µ − e conversion constraint. We can estimate that it would
satisfy both bounds for MKK > 3.1 TeV. In our scan over 1000 sets of model parameters
the absolute lowest scale allowed is thus slightly larger than 3 TeV. Also, a large portion of

19

[Agashe, Blechman, Petriello]

brane Higgs field
scenario

scan over 5d Yukawa couplings :

need MKK ≥ 3 TeV
or additional 
structure in the
5d Yukawas



FIG. 6: Scan of the µ → eγ and µ−e conversion predictions for MKK = 3, 5, 10 TeV and ν = 0. The

solid line denotes the PDG bound on BR(µ → eγ), while the dashed lines indicate the SINDRUM
II limit on µ − e conversion and the projected MEG sensitivity to BR(µ → eγ).

TeV are permitted with completely natural parameters. Super-B factory searches for rare
τ decays will not significantly constrain scales MKK ≥ 5 TeV. The LHC search reach for
the new states predicted by the anarchic RS scenario is expected to be around 5-6 TeV. It
is therefore difficult to definitively test the RS geometric origin of flavor using data from
B-factories and the LHC.

Searches for µ− e conversion and µ → eγ are already starting to require slight tunings of
the model parameters. The limit on BR(µ → eγ) is projected to improve from 1.2 × 10−11

to 10−13 after MEG, while the constraint on µ − e conversion is projected to improve to
10−18 after PRIME. The bounds on MKK that these constraints lead to are shown in Fig. 9.
We have plotted the projected bounds as a function of the overall scale of the mixing angles;
we have set UL,R

12 = κ
√

me/mµ, UL,R
13 = κ

√

me/mτ , etc., and have varied κ in the range
[0.01,1]. This tests how far from the natural parameters these experiments will probe. We
observe that MEG will probe MKK ≤ 5 TeV down to mixing angles 1/10 times their natural
sizes. PRIME will test MKK ≤ 20 TeV down to mixing angles 1/10 times their natural sizes,
and will probe MKK ≤ 10 TeV down to mixing angles 1/100 times their canonical values.
Together, these experiments will definitively test the anarchic RS explanation of the flavor
sector.
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[Agashe, Blechman, Petriello]

bulk Higgs field
scenario



Higgs boson as a pseudo-Goldstone boson of a spontaneously broken   
global symmetry

Origin of LFV: flavour-violating couplings of the mirror leptons to the SM 
leptons (via the heavy gauge bosons) = new flavour mixing matrices VHν    
and VHl, related by the PMNS matrix

Generally find large rate ⇒ constraints on the mirror lepton parameters 
(quasi-degenerate masses or hierarchical VHl)

After imposing these constraints, find correlations between LFV processses 
that differ from the MSSM expectations

LFV in the littlest Higgs model with T-parity (LHT)

• global symmetry breaking SU(5) → SO(5) at 1 TeV

• enlarged gauge symmetry [SU(2)xU(1)]² ⇒ new heavy gauge bosons

• 3 generation of heavy (TeV) mirror leptons

• T-parity protects EW precision observables

Blanke, Buras, Duling, Recksiegel, Tarantino ’07



Mirror Leptons and Lepton Flavour Violation

Hubisz, Lee, Paz, hep-ph/0512169
Choudhury et al., hep-ph/0612327

MB, Buras, Duling, Poschenrieder, Tarantino, hep-ph/0702136

new flavour mixing matrices VHν, VH" parameterize mirror
lepton interactions with SM ν, "

νi "j
H

WH

∼ (VHν)jiγ
µPL

νi νj
H

ZH , AH

∼ (VHν)jiγ
µPL

"i νj
H

WH

∼ (VH")jiγ
µPL

"i "j
H

ZH , AH

∼ (VH")jiγ
µPL

new source of flavour and CP violation!

flavour mixing matrices related through

V
†
HνVH" = V

†
PMNS

Monika Blanke Flavour Physics probing the Littlest Higgs Model with T-Parity

[Monika Blanke]



Lepton Flavour Violation Little Higgs Results

µ → eγ and µ → eee

BBDRT, 0903.xxxx

10
!14

10
!13

10
!12

10
!11

10
!10

10
!9

10
!8

10
!15

10
!14

10
!13

10
!12

10
!11

10
!10

10
!14

10
!13

10
!12

10
!11

10
!10

10
!9

10
!8

10
!15

10
!14

10
!13

10
!12

10
!11

10
!10

Br!Μ#eΓ"

B
r!
Μ
#
e
e
e
"

LHT

MSSM

most points exceed experimental bounds :
∼ 10% fine-tuning in mirror lepton parameters required

del Aguila, Illana, Jenkins, 0811.2891

strong correlation between µ → eγ and µ− → e−e+e−

dipole contribution fully negligible "= MSSM

17/21 M. Blanke Flavour in the Littlest Higgs with T-Parity

[Monika Blanke] Blanke, Buras, Duling, Recksiegel, Tarantino ’07



Lepton Flavour Violation Comparison with Supersymmetry

Ratios of LFV Branching Ratios

BBDRT, 0903.xxxx

LHT MSSM

Br(µ−

→e−e+e−)
Br(µ→eγ) 0.02. . . 1 ∼ 6 · 10−3

Br(τ−

→e−e+e−)
Br(τ→eγ) 0.04. . . 0.4 ∼ 1 · 10−2

Br(τ−

→µ−µ+µ−)
Br(τ→µγ) 0.04. . . 0.4 ∼ 2 · 10−3 ❉

Br(τ−

→e−µ+µ−)
Br(τ→eγ) 0.04. . . 0.3 ∼ 2 · 10−3 ❉

Br(τ−

→µ−e+e−)
Br(τ→µγ) 0.04. . . 0.3 ∼ 1 · 10−2

❉ can be significantly enhanced by Higgs contributions
Paradisi, hep-ph/0508054, hep-ph/0601100

20/21 M. Blanke Flavour in the Littlest Higgs with T-Parity

Blanke, Buras, Duling, Recksiegel, Tarantino ’07



Conclusions

• lepton flavour violation in the charged lepton sector is a unique 
probe of new physics: the observation of CLFV processes would 
definitely testify for physics beyond the Standard Model

• present experimental data already severely constrain many 
theoretical scenarii, in particular extra-dimensional models        
(KK masses beyond 10 TeV or some structure in the 5d Yukawas)

• supersymmetry suffers from the supersymmetric flavour problem.  
Assuming supersymmetry breaking is flavour blind, radiative 
corrections from heavy states are strongly constrained


