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Combined result BR(h→ µτ) (2015)

ATLAS on 26 April 2016: BR(h→ µτ) = 1.01+0.40
−0.29%
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Motivation

In SM, the fermion Yukawa couplings are free parameters with no
explanation for the hierarchy among the fermion masses.

The Froggatt-Nielsen mechanism naturally generates the SM fermion
Yukawa couplings.

It requires the existence of a scalar field (flavon) charged under an
extra U(1) symmetry which is broken spontaneously by its VEV.

The Yukawa matrix is then given in terms of the flavon VEV.

Higgs-flavon mixing ⇒ Two states H1 and H2.
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The Froggatt-Nielsen mechanism

with a leptophilic flavon
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Froggatt-Nielsen mechanism

A Higgs doublet and a flavon singlet:

H =

(
0

vh+h√
2

)
, Φ =

(
vφ + φ√

2

)
, with φ = Reφ+ i Imφ

The effective operators after integrating out the heavy fermions:

cij

(
Φ

Λ

)nij

f̄L,i fR,j H
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Each vertex is U(1) symmetric:

cij

(
Φ

Λ

)nij

f̄L,i fR,j H, qL̄,i + qR,j + qh + qφnij = 0

Particle f c
L,i fR,i H Φ

U(1) charge qL̄,i qR,i qh qφ

After SSB:

LYukawa ⊃ cij

(
vφ√
2Λ

)− 1
qφ

(qL̄,i +qR,j +qh)

f̄L,i fR,j
h√
2

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

Yij = cij ε
(

nij︷ ︸︸ ︷
qL̄,i + qR,j )

with ε =
vφ√
2Λ
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Leptonic part of the Lagrangian

Leff ⊃
vh√

2
Yij

(
1 +

h

vh
+ nij

φ

vφ

)
l̄ ′L,i l
′
R,j

Diagonalising the Yukawa matrix

Ydiag = UL Yij U†R

In the lepton mass basis

Leff ⊃ l̄LMdiaglR +
h√
2

l̄LYdiaglR +
vh

vφ

φ√
2

l̄L,iκij lR,j + h.c .

CLFV processes with coupling

κ̃ij =
vhκij√

2vφ
=

[
yj

3∑

k=1

qL̄,k (UL)ik(UL)∗jk + yi

3∑

k=1

qR,k (UR)ik (UR)∗jk

]
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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

)
, with φ = Reφ+ i Imφ

The physical states

(
H1

H2

)
≡
(

cos θ sin θ
− sin θ cos θ

)(
h

Reφ

)

where

tan 2θ =
λhφvhvφ

λhv 2
h − λφv 2

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 et al (2015)]
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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

CR(µ-e,Au) 7.0× 10−13 SINDRUM II
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Discrete Froggatt-Nielsen symmetry

U(1)→ ZN
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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) +
c

ΛN−4
ΦN + h.c .

with

H =

(
0

vh+h√
2

)
, Φ =

(
vφ + φ√

2

)
, with φ = Reφ+ i Imφ

The physical states

(
H1

H2

)
≡
(

cos θ sin θ
− sin θ cos θ

)(
h

Reφ

)
, and Imφ
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Negligible Higgs-flavon mixing (sin θ = 0)

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

No contribution to BR(h→ µτ)
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Substantial Higgs-flavon mixing (sin θ 6= 0)

The physical states
H1, H2, Imφ

all have CLFV terms

L ⊃
[

cos θ
y e

ij√
2

+ sin θ κ̃ij

]
l̄i PR lj H1

+

[
cos θ κ̃ij − sin θ

y e
ij√
2

]
l̄i PR lj H2

+i κ̃ij l̄i PR lj Imφ
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CLFV processes mediated by H1, H2 and Imφ

+ cos ✓
yd

ijp
2
q̄d
i q

d
j H1 � sin ✓

yd
ijp
2
q̄d
i q

d
j H2 + cos ✓

yu
ijp
2
q̄u
i qu

j H1 � sin ✓
yu

ijp
2
q̄u
i qu

j H2

+
vh

2
cos ✓g2W †

µW µH1 �
vh

2
sin ✓g2W †

µW µH2 + i
⇥
eij l̄iPRlj � ejil̄iPLlj

⇤
Im�

where we denote the couplings of H1 to leptons with Y e
ij/

p
2:

Y e
ijp
2

= cos ✓
ye

ijp
2

+ sin ✓ eij. (26)

Note that ye
ij is the diagonal SM charged lepton Yukawa matrix. In Eq.(26), we have kept

the couplings of the two physical scalars states, H1 and H2 as they appear in calculating the
loop contributions to µ ! e� process.

The CLFV processes with H1, H2 and Im� as the mediators are presented in Figure 6
and are calculated in detail in Appendix E.

li

lj
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l̄l

µ e

N N

li
lk

lj

�

Figure 6: The li ! ljlkll (left), µ $ e-conversion (center) and li ! lj� (right) processes
mediated by H1, H2 and Im�.

Note that when the Higgs-flavon mixing is non-negligible, the µ ! e� process has two
loop contributions from both scalar states coupling to the top quark and W boson as shown
in Figure 7.
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Figure 7: Two-loop diagrams contributing to the µ ! e� processes mediated by the two
scalars H1 and H2.
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2-loop CLFV processes

[Harnik et al (2015)]
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An 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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BReff (H1 → µτ) for mH2
= 500 GeV
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Bounds from H1 → li li

BR(H1 → µτ) ∼ 1%

⇒ large mixing in the (µ, τ) block

⇒ Enhancement of the diagonal couplings

sin θ < 0 ⇒ some cancellations in H1 → li li

Γ(H1 → µτ) =
mH1

8π
sin2 θ

(
|κ̃µτ |2 + |κ̃τµ|2

)

Γ(H1 → ττ) =
mH1

8π

[
cos θ

Y diag
τ√

2
+ sin θ κ̃ττ

]2

Latest Higgs coupling data (2015): | sin θ| < 0.33
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LHC searches for h→ ττ and h→ µµ

With BR(h→ ττ)SM = 0.063, ATLAS and CMS find

σ(H1) BR(H1 → ττ) = (1.06± 0.23)× σ(h) BR(h→ ττ)SM

With BR(h→ µµ)SM = 2× 10−4, ATALS finds

σ(H1) BR(H1 → µµ) < 1.5× 10−3 σ(h)

With Γtotal
SM (h) = 4.1 MeV, we introduce

σ(H1) BR(H1 → li lj ) = σ(h)
Γ(H1 → li lj )

Γtotal
SM (h)

≡ σ(h) BReff(H1 → li lj )
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BR(H1 → µτ) for sin θ = −0.3
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Summary

ATLAS & CMS report a combined result of
BR(h→ µτ) = 0.82+0.33

−0.32%.

A Froggatt-Nielsen mechanism with a discrete symmetry with a
flavon VEV at the EW scale is capable of producing a
BR(h→ µτ) ∼ 1 % while satisfying all CLFV bounds.
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