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Charged Lepton flavour violation

Testing LFV

LFV means BSM physics

No evidence so far

Many impressive limits

A consistent picture

Symmetries at work

LF is protected
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Experimental “observations”

CURRENT TRENDS IN MUONIC LEPTON FLAVOUR VIOLATION

• BR(µ→ 3e)< 1.0× 10−12 at the 90% C.L.
SINDRUM collaboration, Nucl. Phys. B 299 (1988) 1;

• σ(µ− → e−)/σ(capt.)
∣∣
Au

< 7.0× 10−13 at the 90% C.L.
SINDRUM II collaboration, Eur. Phys. J. C 47 (2006) 337;

• BR(µ→ γ + e)< 4.2× 10−13 at the 90% C.L.
MEG collaboration, Eur. Phys. J. C 76 (2016) 434;

• BR(µ→ 3e)< 5.0× 10−15 at the 90% C.L.
Mu3e collaboration;

• σ(µ− → e−)/σ(capt.)
∣∣
Al
< 1.0× 10−16 at the 90% C.L.

Mu2e and COMET collaborations;

• BR(µ→ γ + e)< 4.0× 10−14 at the 90% C.L.
MEG II collaboration.
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Golden channels: Past, present and future
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Extending the interactions of the SM

Assumptions: SM is merely an effective theory, valid up to
some scale Λ. It can be extended to a field theory that satisfies
the following requirements:
• its gauge group should contain SU(3)C × SU(2)L × U(1)Y ;
• all the SM degrees of freedom must be incorporated;
• at low energies (i.e. when Λ→∞), it should reduce to SM.

Assuming that such reduction proceeds via decoupling of New
Physics (NP), the Appelquist-Carazzone theorem allows us to
write such theory in the form:
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1

Λ
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k

C
(5)
k Q

(5)
k +

1

Λ2

∑
k

C
(6)
k Q

(6)
k +O

(
1

Λ3

)
.
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Dimension-six operators

2-leptons

QeW = (l̄pσ
µνer)τ

IϕW I
µν ;

QeB = (l̄pσ
µνer)ϕBµν .

Q
(1)
ϕl = (ϕ†i

↔
Dµ ϕ)(l̄pγ

µlr)

Q
(3)
ϕl = (ϕ†i

↔
D I
µ ϕ)(l̄pτ

Iγµlr)

Qϕe = (ϕ†i
↔
Dµ ϕ)(ēpγ

µer)

Qeϕ = (ϕ†ϕ)(l̄perϕ)

4-leptons

Qll = (l̄pγµlr)(l̄sγ
µlt)

Qee = (ēpγµer)(ēsγ
µet)

Qle = (l̄pγµlr)(ēsγ
µet)

4-fermions

Q
(1)
lq = (l̄pγµlr)(q̄sγ

µqt)

Q
(3)
lq = (l̄pγµτ

I lr)(q̄sγ
µτ Iqt)

Qeu = (ēpγµer)(ūsγ
µut)

Qed = (ēpγµer)(d̄sγ
µdt)

Qlu = (l̄pγµlr)(ūsγ
µut)

Qld = (l̄pγµlr)(d̄sγ
µdt)

Qqe = (q̄pγµqr)(ēsγ
µet)

Qledq = (l̄jper)(d̄sq
j
t )

Q
(1)
lequ = (l̄jper)εjk(q̄ksut)

Q
(3)
lequ = (l̄jpσµνer)εjk(q̄ksσ

µνut)
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Low-energy LFV observables

Neutrinoless radiative decay

Br (µ→ eγ) =
αem5

µ

Λ4Γµ

(∣∣∣CDL ∣∣∣2 +
∣∣∣CDR ∣∣∣2) .

Neutrinoless three-body decay

Br(µ→ 3e) =
α2
em

5
µ

12πΛ4Γµ

(∣∣∣CDL ∣∣∣2 +
∣∣∣CDR ∣∣∣2)(8 log

[
mµ

me

]
− 11

)
+

m5
µ

3(16π)3Λ4Γµ

( ∣∣∣CS LLee

∣∣∣2 + 16
∣∣∣CV LL
ee

∣∣∣2 + 8
∣∣∣CV LR
ee

∣∣∣2
+
∣∣∣CS RRee

∣∣∣2 + 16
∣∣∣CV RR
ee

∣∣∣2 + 8
∣∣∣CV RL
ee

∣∣∣2 ) .
Coherent conversion in nuclei

ΓNµ→e =
m5
µ

4Λ4

∣∣∣eCDL DN + 4
(
GFmµmpC̃

SL
(p)S

(p)
N + C̃V R(p) V

(p)
N + p→ n

)∣∣∣2+L↔ R.
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High-energy LFV observables
Flavour-violating Z decays can be parametrised at the tree level by
means of the following four operators:

Γ(Z → l±1 l
∓
2 ) =

m3
Zv

2

12πΛ4

(∣∣C12
eZ

∣∣2 +
∣∣C21

eZ

∣∣2
+
∣∣C12

ϕe

∣∣2 +
∣∣∣C12

ϕl(1)

∣∣∣2 +
∣∣∣C12

ϕl(3)

∣∣∣2) ,
and all of their contributions occur at the same order. We have
summed over the two possible final states, l+1 l

−
2 and l−1 l

+
2 .

For the Higgs boson decay H → l±1 l
∓
2 , one has

Γ(H → l±1 l
∓
2 ) =

mHv
4

16πΛ4

(∣∣C12
eϕ

∣∣2 +
∣∣C21

eϕ

∣∣2) ,
where only one operator contributes at tree level. Again, we have
summed over the two possible decays l+1 l

−
2 and l−1 l

+
2 .
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Dimension-six operators: lepton current at one loop
From a point-like interaction. . .

. . . to quantum fluctuations!
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Experimental limits “reinterpreted” at the EW scale
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No correlation: limits from muonic cLFV

GMP and A. Signer
JHEP 1410 (2014) 014

F. Feruglio,
arXiv:1509.08428

GMP and A. Signer
EPJWC 118 (2016) 01031
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No correlation: limits from tauonic cLFV
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Dipole evolution below the EWSB scale

At the two-loop level, in the tHV scheme:

ĊDL = 16αeQ
2
l C

D
L −

Ql

(4π)

me

mµ
CS LLee −

Ql

(4π)
CS LLµµ

+
∑
h

8Qh

(4π)

mh

mµ
Nc,h CT LL

hh Θ(µ−mh)

−
αeQ3

l

(4π)2

(
116

9
CV RR
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116

9
CV RR
µµ −

122

9
CV RL
µµ −

(
50

9
+ 8

me

mµ

)
CV RL
ee

)
−
∑
h

αe

(4π)2

(
6Q2

hQl +
4QhQ

2
l

9

)
Nc,h CV RR

hh Θ(µ−mh)

−
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αe

(4π)2

(
−6Q2

hQl +
4QhQ

2
l

9

)
Nc,h CV RL

hh Θ(µ−mh)

−
∑
h

αe

(4π)2
4Q2

hQlNc,h
mh

mµ
CS LRhh Θ(µ−mh) + [. . . ] .

A. Crivellin, S. Davidson, GMP and A. Signer, JHEP 1705 (2017) 117.
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In absence of interplay at the EWSB scale
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Interplay at the EWSB scale
Mu3e money plot
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Interplay at the EWSB scale
COMET/Mu2e money plot (1)
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Interplay at the EWSB scale
COMET/Mu2e money plot (2)
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MEG/MEG-II money plot
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Conclusion

√
LFV phenomena are forbidden in the minimal SM

• Neutrino sector seems to ignore this fact, calling for
something more than the minimal “version”

• Charged sector seems to take the job seriously
√

If NP lives high energy scales, consistent EFT techniques can
be adopted to extract information from low-energy observables

√
From limits on LFV observables one can obtain information on
the parameter space of possible UV-complete BSM theories

√
Interplay among observables is crucial

√
“MEG tests the dipole interaction, and Mu2e/Mu3e test the
contact interaction” is a misleading statement
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