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The Higgs has been discovered
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The discovered Higgs deviates from SM
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Naive combined result BR(h→ µτ)
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Charged Lepton Flavour Violation in SM

The lepton Yukawa part of the SM Lagrangian:

LSM ⊃ vh√
2
Yij l̄

′
L,i l
′
R,j (1 +

h

vh
)

≡ vh l̄LYdiaglR + l̄L
Ydiag√

2
lRh

CLFV processes are absent in SM.

To produce CLFV → go Beyond SM

The Froggat-Nielsen mechanism
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Froggat-Nielsen mechanism - global U(1) symmetry

A Higgs doublet and a flavon singlet:

H =

(
0

vh+h√
2

)
, Φ =

(
vφ + φ√

2

)
U(1)-invariant Yukawa-like couplings:

cia fiχa
h√
2
, bia fiχa

φ√
2
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Froggat-Nielsen mechanism

The effective operators after integrating out the heavy fermions:

c f
ij f̄L,i fR,j

h√
2

(
φ√
2Λ

)x

, qL̄,i + qR,j + qh + qφx = 0

Particle f̄L,i fR,i h φ

U(1) charge qL̄,i qR,i qh qφ

After SSB:

LYukawa ⊃ c f
ij

(
vφ√
2Λ

)− 1
qφ

(qL̄,i +qR,j +qh)

f̄L,i fR,j
h√
2

The SM Yukawa coupling (qφ = −1, qh = 0)

Y f
ij = c f

ij ε
(

nij︷ ︸︸ ︷
qL̄,i + qR,j )

with ε =
vφ√
2Λ

Venus Keus (Helsinki) Higgs CLFV Scalars 2015, Warsaw 8/27



Introduction CLFV Bounds Gauged FN symmetry Discrete FN symmetry Results

Froggat-Nielsen mechanism

Leptonic part of the Lagrangian

Leff . ⊃
vh√

2
Yij l̄
′
L,i l
′
R,j (1 +

h

vh
) + nijvhYij

φ

vφ
l̄ ′L,i l
′
R,j

Ydiag = UL Yij U
†
R

Leff . ⊃ l̄LMdiaglR + l̄L
Ydiag√

2
lRh +

κij

vφ
l̄L,i lR,jφ+ h.c .

CLFV processes with coupling

κ̃ij =
κij

vφ
=

1

vφ

[
mj

3∑
k=1

qL̄,k (UL)ik (UL)∗jk + mi

3∑
k=1

qR,k (UR)ik (UR)∗jk

]
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Higgs-flavon mixing

The scalar potential

V (H,Φ) = −µ2
h(H†H)+λh(H†H)2−µ2

φ(Φ†Φ)+λφ(Φ†Φ)2+λhφ(H†H)(Φ†Φ)

with

H =

(
0

vh+h√
2

)
, Φ =

(
vφ + φ√

2

)
The physical states(

H1

H2

)
≡
(

cos θ sin θ
− sin θ cos θ

)(
h
φ

)
where

tan 2θ =
λhφvhvφ

λhv
2
h − λφv2

φ
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How much Higgs-flavon mixing is allowed?
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Excluded at 95 % CL by direct searches (red), precision tests (gray), and
H1 couplings measurements (yellow). [Falkowski,Gross,Lebedev ’15]
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Bounds from CLFV processes

Observable Present limit Experiment

BR(µ→ eee) 1.0× 10−12 SINDRUM

BR(τ → eee) 3.0× 10−8 HFAG

BR(τ → µµµ) 2.0× 10−8 HFAG

BR(µ→ eγ) 5.7× 10−13 MEG

BR(τ → µγ) 4.4× 10−8 HFAG

BR(τ → eγ) 3.3× 10−8 HFAG

BR(µ-e,Au) 7.0× 10−13 Bertl et. al.
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Gauged U(1) Froggat-Nielsen symmetry
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Gauged U(1) Froggat-Nielsen symmetry

GSM × U ′(1) symmetry → new gauge field with new gauge coupling

L ⊃ D ′µΦ∗ D ′µΦ + g4B
′
µ

∑
i

qi ψSMi
γµ ψSMi

+ χ(i∂µ + g4q
′B ′µ)γµχ

with
D ′µ = ∂µ − ig4q

′B ′µ

The new massive gauge boson

mZ ′ = |g4qφvφ| = g4vφ

with qφ = −1.
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CLFV processes mediated by Z ′
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Gauged U(1) FN symmetry

A texture for ε = 0.01 satisfying all CLFV bounds

Particle eL eR µL µR τL τR H φ

U ′(1) charge 2 1 1 1 0 1 0 -1

Y =

 ε3 ε3 ε3

ε2 ε2 ε2

ε ε ε

 , κ̃ =
1

vφ

 10−3 4× 10−5 8× 10−4

2× 10−7 0.2 −0.07
2.4× 10−7 −4× 10−3 1.8


The strongest bound: the µ→ eee process leads to vφ > 7 TeV
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The BR(h→ µτ) for vφ > 7 TeV

Out[638]=
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Discrete Froggat-Nielsen symmetry
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Negligible Higgs-flavon mixing (λhφ = 0)

CLFV processes mediated by pure flavon, φ
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Negligible Higgs-flavon mixing (λhφ = 0)

Strongest bound: the µ→ eγ process

Out[701]=

No contribution to BR(h→ µτ)
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Non-negligible Higgs-flavon mixing (λhφ 6= 0)

The physical states(
H1

H2

)
≡
(

cos θ sin θ
− sin θ cos θ

)(
h
φ

)
both contribute to CLFV terms

L ⊃
[

cos θ
y e

ij√
2

+ sin θ κ̃ij

]
l̄iPR ljH1 +

[
cos θ

y e
ij√
2

+ sin θ κ̃∗ji

]
l̄iPLljH1

+

[
cos θ κ̃ij − sin θ

y e
ij√
2

]
l̄iPR ljH2 +

[
cos θ κ̃∗ji − sin θ

y e
ij√
2

]
l̄iPLljH2
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CLFV processes mediated by H1 and H2
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CLFV processes mediated by H1 and H2

[Harnik, Kopp, Zupan ’15]
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One example

The discrete charge assignments for ε = 0.1

Particle eL eR µL µR τL τR H φ

Charge 6 0 4 0 2 1 0 -1

The texture satisfying all CLFV bounds

Y =

 ε6 ε6 ε7

ε4 ε4 ε5

ε2 ε2 ε3

 , κ̃ =
1

vφ

 0.003 −0.0003 −0.0008
−0.004 0.5 0.1

0.08 −0.9 4.5


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BR(h→ µτ)

Out[754]= Out[1915]=

For sin θ = 0.35, vφ = 110 GeV, mφ = 400GeV → BR(h→ µτ) ' 0.01
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BR(h→ ττ)

Out[759]=
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Summary

The combined result for BR(h→ µτ) = 0.8± 0.3.

CLFVs are absent in the SM.

Foggat-Nielsen mechanism with a discrete symmetry is capable of
producing a BR(h→ µτ) ∼ 0.1 while satisfying all bounds.
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