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A bottom-up approach has been adopted to identify a flavour model that agrees with present exper-
imental measurements. The charged fermion mass hierarchies suggest that only the top Yukawa
term should be present at the renormalisable level. The flavour symmetry of the Lagrangian
including the fermionic kinetic terms and only the top Yukawa is then a combination of* (2) and
* (3) factors. Lighter charged fermion and active neutrino masses and quark and lepton mixings
arise considering specific spurion fields. The associated phenomenology is investigated and the
model turns out to have almost the same flavour protection of the Minimal Flavour Violation,
in both quark and lepton sectors. Promoting the spurions to be dynamical fields, the associated
scalar potential is also studied and a minimum is identified such that fermion masses and mixings
are correctly reproduced.
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1. Introduction

The seek of an explanation for the heterogeneity of fermion masses and mixings is nowadays
one of the biggest issues in particle physics. The success of the Standard Model (SM) in describing
the strong and electroweak interactions through a gauged symmetry encourages the idea that flavour
symmetries may provide a solution to this problem. There are many examples in the literature,
using Abelian and non-Abelian, discrete and continuous, global or local symmetries [1–46].

The Data Driven Flavour Model (DDFM) [45] is a bottom-up approach based on a continuous
global symmetry, where themain idea is to strictly followwhat data suggests, avoiding any additional
requirement for a specular treatment of all the fermions species: within the SM context with or
without the addition of three RH neutrinos, the criterium is that only the term corresponding to
the top quark mass and, if existing, to the RH neutrino Majorana masses are invariant under the
considered flavour symmetry without any spurion insertion, while the Yukawa terms for the other
fermions need these insertions. The schematic structure for the resulting Yukawa andmassmatrices,
writing the Lagrangian in the left-right notation, looks like

.* =
©«
G G 0
G G 0
0 0 1

ª®®¬ , .� =
©«
G G G

G G G

H H H

ª®®¬ ,
<a ∝

©«
G G G

G G G

G G G

ª®®¬ , .� =
©«
G G H

G G H

G G H

ª®®¬ ,
(1)

where <a is the neutrino mass matrix as arises from the Weinberg operator. The G and H entries
represent spurion background contributions and are numbers smaller than 1. The vertical and
horizontal lines help identifying the flavour structures.

For the type I Seesaw case, the neutrino sector is instead described by a Dirac Yukawa matrix
and a Majorana mass matrix as follows:

.a =
©«
G G G

G G G

G G G

ª®®¬ , "' ∝ 1 . (2)

The advantages of this model are multiple: it distinguishes the third families from the lighter
ones; it naturally describes the top Yukawa of order 1, avoiding any technical difficulty for the
perturbative expansion in the case of promoting spurions to flavons; it explains the smallness of the
bottom and tau masses with respect to the top mass without any additional assumption; it assigns
neutrinos to the same flavour representation, as suggested by the largeness of the atmospheric and
solar mixing angles. This model is therefore a bottom-up approach, completely data driven, that
encodes the advantages of the Minimal Flavour Violation (MFV) approach [26–28, 31, 47, 48] and
of the* (2)= model [32, 38], avoiding their major drawbacks.
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2. The Model

The Lagrangian of the DDFM model can be written as the sum of different terms,

L = Lkin +LY −V(q) , (3)

where Lkin contains the canonical kinetic terms of all the fields in the spectrum, V(q) stands for
the SM scalar potential of the Higgs doublet q, and LY is responsible for the fermion masses.

Quark Sector
The LY part of the Lagrangian for the quark sector can be written as

−L @

Y = HC @̄
′
3! q̃ C

′
' + ΔL @

Y + h.c. , (4)

where @′3! stands for the (* (2)! doublet of the left-handed (LH) third family quarks, C ′
'
for the

(* (2)! singlet RH top quark, q̃ = 8f2q
∗, and ΔL @

Y contains all the terms responsible for the other
quark masses and quark mixings. The prime identifies the flavour or interaction basis. The largest
non-Abelian quark flavour symmetry consistent with the whole Lagrangian, neglecting ΔL @

Y , is
given by

G@ = (* (2)@! × (* (2)D' × (* (3)3' , (5)

where the notation matches the one of MFV as seen in the introduction. The fields @′3! and C ′
'

appearing in L @

Y are singlets under G@. The other quark fields, instead, transform non-trivially: the
LH quarks of the first two families, labelled as & ′

!
, transform as a doublet under (* (2)@! ; the RH

up-type quarks of the first two families, indicated by * ′
'
, transform as a doublet under (* (2)D' ;

finally, the three RH down-type quarks, � ′
'
, transform altogether as a triplet of (* (3)3' .

The lighter families and the mixing are described in ΔL @

Y , once a specific set of spurions are
considered. In order to keep the model as minimal as possible, only three spurions are introduced:
ΔY* that is a bi-doublet of (* (2)@!×(* (2)D' ,ΔY� that is a doublet-triplet of (* (2)@!×(* (3)3' ,
and y� that is a vector triplet of (* (3)3' . These spurions develop background values such that the
resulting Yukawa matrices are then given by

.* =

(
〈ΔY* 〉 0

0 1

)
, .� =

(
〈Δ.�〉
〈H�〉

)
, (6)

where the .* is already diagonal, while .� is exactly diagonalised by the CKM matrix.

Lepton Sector: Extended Field Content (EFC)
When considering the type I Seesaw context, three RH neutrinos are added to the SM spectrum

and their masses are assumed to be much larger than the electroweak scale. It follows that the lepton
Yukawa Lagrangian can be written as

−L ℓ,EFC
Y =

1
2
Λ!# #̄

′2
' .# #

′
' + ΔL ℓ,EFC

Y + h.c. , (7)

where Λ!# is an overall scale associated to lepton number violation, .# is a dimensionless matrix,
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and ΔL ℓ,EFC
Y contains all the terms responsible for the other lepton masses and mixing. If .# is a

completely generic matrix, the model turns out to be non-interesting. For this reason .# is taken to
be the identity matrix. In this special case, the lepton flavour symmetry is given by

GEFC
ℓ = (* (3)ℓ! × (* (2)4' × ($ (3)#'

, (8)

where the LH doublets transform as a triplet of (* (3)ℓ! , the RH charged leptons as a doublet+singlet
of (* (2)4' and the RH neutrinos transform as a triplet of ($ (3)#'

. An interesting aspect of this
choice is that it is compatible with the (* (5) grand unification setup, that may be an ultraviolet
completion of the model presented here.

Lepton masses and mixing are described by means of three spurions: ΔY� that transforms
as a triplet-doublet of (* (3)ℓ! × (* (2)4' , y� as a vector triplet of (* (3)ℓ! , and finally Ya as a
bi-triplet under (* (3)ℓ! × ($ (3)#'

. Once the spurions acquire precise background values,

.� =

(
〈ΔY�〉 〈y�〉

)
, diag(<a1 , <a2 , <a3) = *)

E2

2Λ!#
〈Y∗a 〉〈Y†a 〉* , (9)

the charged lepton mass matrix is already diagonal, while the neutrino mass matrix can be diago-
nalised by the PMNS matrix.

3. Phenomenological Analysis

The analysis is carried out adopting an effective field theory approach and considering operators
with at most mass dimension six.

In the quark sector, the bounds on the dimension 6 operators within the DDFM are the same
as in the MFV framework and representative examples are reported in Tab. 1 [49].

Operators Bound on Λ/√08 Observables

O1, O2 5.9 TeV n , Δ<�3
. Δ<�B

O17, O18 4.1 TeV �B → `+`−, �→  ∗`+`−

O21, O22 3.4 TeV �→ -BW, �→ -Bℓ
+ℓ−

O25, O26 6.1 TeV �→ -BW, �→ -Bℓ
+ℓ−

O27, O28 1.7 TeV �→  ∗`+`−

O29, O30, O31, O32 5.7 TeV �B → `+`−, �→  ∗`+`−

O33, O34 5.7 TeV �B → `+`−, �→  ∗`+`−

Table 1: Lower bounds on the NP scale for some representative effective dimension 6 operators. The values
of Λ are at 95% C.L. and are obtained considering that only the operators of the same class contribute to
the given observables. The labelling of the operators corresponds to the original paper.

The bounds turn out to be in the TeV range and this suggests that precision investigations in rare
decays together with complementary studies at colliders may play a key role to unveil the physics
behind the flavour sector. The only difference between MFV and DDFM is in the presence of some
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decorrelations associated to the charged leptons: the decay rates for �B → `+`− and �B → g+g−

are predicted to be exactly the same as in MFV, while they are independent observables in the
DDFM; similarly for �→  ∗`+`− and �→  ∗g+g−.

In the lepton sector, the results are very similar to the Minimal Lepton Flavour Violation
(MLFV), but with small differences due to the decorrelation of observables associated to the tau.
These effects may be seen explicitly in ratios of branching ratios of rare radiative decays.

Promoting the spurions to dynamical fields gives the possibility to shed some light on the
possible dynamical origin of the flavour structures responsible for the phenomenological results
of the DDFM. The analysis reveals that a minimum exists where all the masses and mixings can
indeed be described in agreement with data, but at the price of tuning some parameters of the
scalar potential. Moreover, precise predictions for the leptonic Dirac and Majorana phases follow
from the minimisation of the scalar potential: this is a difference with the MLFV framework,
where strictly CP conserving phases are allowed and it results in very different predictions for the
neutrinoless-double-beta decay.

Although this may not be considered the ultimate solution to the flavour puzzle, it represents a
step ahead to achieve this goal and a significant improvement with respect to MFV, where only part
of masses and mixing can be correctly described.
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