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Radiative generation of light fermion masses in a SU(3)H
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In a model with a gauge group SU(3)H ⊗ GSM , where SU(3)H is a horizontal symmetry and GSM = SU(3)C ⊗ SU(2)L ⊗ U(1)Y is
the standard model, we propose a radiative mechanism of mass generation mediated by the SU(3)H gauge bosons for the light fermions,
meanwhile the masses of the heaviest family are generated by the implementation of see - saw mechanisms with the introduction of vectorial
fermions.
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En un modelo con grupo de norma SU(3)H ⊗ GSM , donde SU(3)H es una simetrı́a horizontal y GSM = SU(3)C ⊗ SU(2)L ⊗ U(1)Y

es el Modelo Estándar, proponemos un mecanismo radiativo de generación de masas a tráves de los bosones vectoriales de SU(3)H para los
fermiones ligeros, mientras que las masas de la familia mas pesada se generan por medio de la implementación de mecanismos see - saw con
la introducción de fermiones vectoriales.

Descriptores: Simetrı́a horizontal; masas de fermiones.

PACS: 12.15.Ff; 12.10.-g

1. Introduction

The known quark and lepton masses are generated after the
spontaneous breaking of the electroweak symmetry to U(1)Q

of Quantum Electrodynamics. However, the responsible
mechanism of this symmetry breaking as well as the gener-
ation mechanism of the fermion masses, including their ori-
gin and hierarchy, remain unknown, and they are two of the
current puzzles of the elementary particle physics. In the lit-
erature there are many proposals trying to explain the mass
hierarchy, the fermion mixing, and their possible relation to
new physics [1].

A possible answer to why the masses of the light fermions
are so small compared with the electroweak scale is that they
arise through radiative corrections [2], while the mass of the
top quark, and probably those of the bottom quark, and of
the tau lepton are generated at tree level. This may be un-
derstood as a consequence of the breaking of a symmetry
among families (a horizontal symmetry). This symmetry
may be discrete [3], or continuous, [4]. The radiative gen-
eration of light fermions may be mediated by scalar particles
as it is proposed, for instance, in references [2] and [5] or
also through vectorial bosons as it happens in “Dynamical
Symmetry Breaking” (DSB) theories like “Extended Techni-
color´´, [6].

In this work we propose a mechanism in which the light
fermions get mass through loop diagrams mediated by the
massive vectorial bosons of a horizontal symmetry that is
spontaneously broken, whereas the masses of the top and bot-
tom quarks, as well as the tau lepton are generated by the im-
plementation of see–saw mechanisms with the introduction
of new fermions of vectorial type.

2. The model

We define the gauge group symmetry

G ≡ SU(3)H ⊗ SU(3)C ⊗ SU(2)L ⊗ U(1)Y ,

where SU(3)H is a horizontal symmetry among families and

GSM ≡ SU(3)C ⊗ SU(2)L ⊗ U(1)Y

is the gauge group of the ”Standard Model” of elementary
particles. The content of fermions assumes the ordinary
quarks and leptons including the sector of right-handed neu-
trinos, assigned under the G group in the form:

Ψq =
(

3, 3, 2,
1
3

)
L

(1)

Ψu =
(

3, 3, 1,
4
3

)
R

(2)

Ψd =
(

3, 3, 1,−2
3

)
R

(3)

Ψl = (3, 1, 2,−1)L (4)

Ψν = (3, 1, 1, 0)R (5)

Ψe = (3, 1, 1,−2)R (6)

where the last entry correspond to the hypercharge (Y ) and
the electric charge is defined by Q = T3L + 1

2Y . The
model also includes the introduction of the following vec-
torial fermions:
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UL, UR = (1, 3, 1,
4
3
) (7)

DL, DR = (1, 3, 1,−2
3
) (8)

NL, NR = (1, 1, 1, 0) (9)

EL, ER = (1, 1, 1,−2) (10)

The above fermionic content and its assignment under
the G group make the model anomaly free. At this point,
we consider convenient to explain briefly the reasons for the
introduction of the right-handed neutrinos and the vectorial
fermions. After the definition of the gauge group G and the
assignment of the ordinary fermions in the canonical form
under the standard model group, in the most simply non triv-
ial way under the horizontal symmetry, the introduction of the
right-handed neutrinos becomes a necessity to cancel anoma-
lies, while the introduction of the vectorial fermions has its
origin in the procedure to give masses at tree level only to the
heaviest family of known fermions. We consider that these
vectorial fermions play a crucial role to implement our pro-
posed hierarchical mass generation mechanism.

3. Symmetry breaking

The “Spontaneous Symmetry Breaking´´ (SSB) is proposed
to be achieved in the form:

G
Λ1−→ GSM

Λ2−→ SU(3)C ⊗ U(1)Q (11)

so that the model has the possibility to be consistent with the
known low energy physics, where Λ1 and Λ2 are the scales
of SSB.

With the intention of implementing the mass generation
mechanism for the ordinary quarks and leptons, and simulta-
neously to contribute to the SSB of SU(3)H at the first stage,
we introduce the scalar field:

Φ′′ = (3, 1, 1, 0), (12)

with ”Vacuum Expectation Value” (VEV),

〈Φ′′〉T = (0, 0, v′) (13)

where T means transpose. This scalar Φ′′ with the above
VEV generates the breaking of SU(3)H to SU(2)H . There-
fore, to complete the breaking of the horizontal symmetry
and to produce the appropriate mixing among their neutral
gauge bosons it is necessary to introduce more scalar fields.
The details to achieve this goal are not treated in this pa-
per. However, we can mention here that the additional Higgs
scalars should not be in the fundamental representation of
SU(3)H so that they do not spoil the desired hierarchical
fermion mass generation mechanism.

To achieve the spontaneous breaking of the electroweak
symmetry to U(1)Q, we introduce the scalars:

Φ = (3, 1, 2,−1) (14)

Φ′ = (3, 1, 2, +1) (15)

with the VEV′s

〈Φ〉T = (〈Φ1〉, 〈Φ2〉, 〈Φ3〉) ; 〈Φi〉 =
1√
2

(
vi

0

)
(16)

〈Φ′〉T = (〈Φ′
1〉, 〈Φ′

2〉, 〈Φ′
3〉) ; 〈Φ′

i〉 =
1√
2

(
0
Vi

)
(17)

where i = 1, 2, 3. The contributions of 〈Φ〉 and 〈Φ′〉 to the
mass of the W charged gauge boson are:
contribution of 〈Φ〉 :

1
2
g(v2

1 + v2
2 + v2

3)
1
2 (18)

contribution of 〈Φ′〉 :

1
2
g(V 2

1 + V 2
2 + V 2

3 )
1
2 (19)

where g is the SU(2)L coupling constant. If we take into
account now that the horizontal symmetry has already been
completely broken at the first stage and if Λ1 � Λ2, then
there are not arguments of symmetry to align the VEV′s of Φ
and Φ′ under SU(3)H , that is, we can assume for simplicity
that

v1 = v2 = v3 = V1 = V2 = V3 ≡ v

2
√

6
(20)

where v � 246 GeV and then MW = (1/2)gv. Note
that Φ and Φ′ transform as triplets under SU(3)H . This
fact has as consequences that they contribute slightly to the
SU(3)H gauge boson masses and produce mixing between
these bosons with the neutral boson Z of the standard model.
The consequences of this phenomenon will not be discussed
in this report.

4. Fermion masses

Now, we describe briefly how to obtain the mass terms of the
ordinary fermions. The analysis is presented for the up-quark
sector, with a completely analogous procedure for the other
sectors.

With the fields of particles introduced in the model, we
may write the following gauge invariant Yukawa couplings:

huΨ̄qΦUR + h′Ψ̄uΦ′′UL + MŪLUR + h.c (21)

where hu and h′ are Yukawa coupling constants.
When Φ and Φ′′ acquire VEV′s we obtain the mass terms

Ψ̄o
LMo

uΨo
R + h.c (22)

where:
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524 A. HERNÁNDEZ GALEANA

Ψo
L

T = (uo
L, co

L, toL, UL) (23)

Ψo
R

T = (uo
R, co

R, toR, UR) (24)

and

Mo
u =

⎛
⎜⎜⎝

0 0 0 hv
0 0 0 hv
0 0 0 hv
0 0 h′v′ M

⎞
⎟⎟⎠ (25)

with h = (1/
√

12)hu. When this mass matrix Mo
u is diag-

onalized by a biunitary transformation, we find to this order
two associated zero eigenvalues to the masses of the light up
quarks, while the two eigenvalues different from zero are as-
sociated with the masses of the top quark and the vectorial
fermion U.

Explicitly, if we define

Ψo
L = V o

LΨL (26)

Ψo
R = V o

RΨR (27)

λ± =
1
2

(
B ±

√
B2 − 4D

)
(28)

where

B = 3a2 + b2 + c2 (29)

D = 3a2b2 (30)

with

a ≡ hv , b ≡ h′v′ , c ≡ M (31)

the orthogonal matrices V o
L and V o

R become

V o
L =

⎛
⎜⎜⎜⎝

1√
2

1√
6

1√
3

cos α 1√
3

sin α

− 1√
2

1√
6

1√
3

cos α 1√
3

sin α

0 − 2√
6

1√
3

cos α 1√
3

sin α

0 0 − sin α cos α

⎞
⎟⎟⎟⎠ (32)

where

cos α =
(λ+ − 3a2)√

3a2c2 + (λ+ − 3a2)2
(33)

sin α =
√

3ac√
3a2c2 + (λ+ − 3a2)2

(34)

and

V o
R =

⎛
⎜⎜⎝

1 0 0 0
0 1 0 0
0 0 cos β sin β
0 0 − sin β cos β

⎞
⎟⎟⎠ (35)

with

cos β =
(λ+ − b2)√

b2c2 + (λ+ − b2)2
(36)

sin β =
bc√

b2c2 + (λ+ − b2)2
(37)

From these matrices V o
L and V o

R we obtain

V o
L

T Mo
uV o

R =

⎛
⎜⎜⎝

0 0 0 0
0 0 0 0
0 0 −√

λ− 0
0 0 0

√
λ+

⎞
⎟⎟⎠ (38)

and the top-quark mass is given approximately by

mt �
√

3hh′ vv′

MU
(39)

MU being the mass of the vectorial quark U.
Subsequently the masses of the light up quarks arise

through one loop diagrams. After the breakdown of the elec-
troweak symmetry, we can construct the generic one and two
loop mass diagram of Fig. 1. The vertices in this diagram
come from the gauge interaction Lagrangian

iLint =
gH√

2

(
uo

kLγµuo
jLY µ

kj + uo
iRγµtoRY +

it

µ
)

+L ↔ R + h.c (40)

gH (Y ) being the SU(3)H coupling constant (gauge bosons),
i, j, k = 1, 2, 3 denote family indices, the crosses in the inter-
nal fermion line means the mixings, and the mass M , gener-
ated by the couplings of Eq. (21) after Φ and Φ′′ take VEV′s
and the black circle in the boson line means the tree level
mixing mass term

M2
ijY

+
ik Ytj (41)

generated in the symmetry breaking process.

FIGURE 1. One loop diagram contribution to the mass term
mij ūiRujL.
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5. Discussion

At present we are performing a more complete study of the
model introduced in this report, including some phenomenol-
ogy and confrontation with the experimental data. An impor-
tant aspect to study for the last, is the calculation of some pro-
cesses of “Flavor Changing Neutral Currents” (FCNC) that
can be induced in the model as a consequence of the parti-
cles introduced, for instance the gauge bosons of the SU(3)H

horizontal symmetry. Some examples of these FCNC pro-
cesses are the radiative “lepton flavor violation” (LFV) de-
cays: µ → eγ, τ → µγ and τ → eγ, which are induced by
the radiative mass generation mechanism when we attach a
photon to the internal charged leptonic lines in the one loop
mass diagrams, and µ → eee, τ → µµµ, τ → µµe, τ → µee
and τ → eee, coming from tree level diagrams like the one in
Fig. 2. The calculation involved, including the muon anoma-
lous magnetic moment induced as well by the radiative muon
mass generation mechanism [7], is in progress and will be
reported elsewhere.

FIGURE 2. Tree level diagram contribution to the LFV process
µ → eee.

Let us remark here the interesting feature of the model
concerning the introduction of the sector of right-handed neu-
trinos as a requirement to cancel anomalies. This fact allows
us to generate radiatively Dirac type neutrino masses and then
to study the current and recent interesting phenomena con-
cerning neutrino physics, such as neutrino oscillations, neu-
trino masses, mixing, and so on [8].

Finally, notice that Eq.(39) can be used to write the mass
of the vectorial-quark U as

MU �
√

3hh′ v

mt
v′ (42)

If in last equation we consider the values mt � 175 GeV and
v � 246 GeV, then by assuming

√
3hh′ � (mt/v) � 0.711

we could expect MU to be of the same order of v′, that is,
of the order of the scale of SSB of SU(3)H that could work
in the TeV region. This order of magnitude may also be ex-
pected for the other vectorial fermion masses if one supposes
that the corresponding products of Yukawa couplings behave
like

√
3hdh

′
d � (mb/v) and

√
3heh

′
e � (mτ/v). How-

ever, the actual values of the Yukawa coupling constants, the
VEV v′, and the masses of the vectorial fermions involved
should be determined by demanding consistency between the
fermion masses and mixing angles with the adequate suppres-
sion of FCNC ( if this suppression is realized).
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Politécnico Nacional”, (Grants from EDI and COFAA) and
SNI in Mexico.

1. H. Fritzsch and Z. Xing, Prog. Part. Nucl. Phys. 45 (2000)
1; hep-ph/9912358. E. Ma, hep-ph/0401044. A. Hernández-
Galeana, W.A. Ponce, and A. Zepeda, Zeitschrift Fur Physik
C 55 (1992) 423. J. Kubo, A. Mondragon, M. Mondragon, E.
Rodriguez-Jauregui, Prog. Theor. Phys. 109 (2003) 795. Mon-
dragon, E. Rodriguez-Jauregui, Rev. Mex. Fis. 46 (2000) 5;
Phys. Rev. D 61 (2000) 113002; Phys. Rev. D 59 (1999) 093009,
hep-ph/9807214. H. Abele et al., hep-ph/0312150.

2. X.G. He, R.R. Volkas, and D.D. Wu, Phys. Rev. D 41 (1990)
1630. Ernest Ma, Phys. Rev. Lett. 64 (1990) 2866.

3. S. Pakvasa and H. Sugawara, Phys. Lett. B 73 (1978) 61; Y. Ya-
manaka, H. Sugawara, and S. Pakvasa, Phys. Rev. D 25 (1982)
1895; K.S. Babu and X.G. He, ibid. 36 (1987) 3484; Ernest Ma,
Phys. Rev. Lett. B 62 (1989) 61.

4. A. Davidson, M. Koca, and K.C. Wali, Phys. Rev. Lett. B 43
(1979) 92; Phys. Rev. D 20 (1979) 1195; C.D. Froggatt and
H.B. Nielsen, Nucl. Phys. B 147 (1979) 277; A. Sirlin, Phys.

Rev. D 22 (1980) 971; A. Davidson and K.C. Wali, ibid. 21
(1980) 787.

5. E. Garcia, A. Hernandez-Galeana, D. Jaramillo, W.A. Ponce,
and A. Zepeda, Rev. Mex. de Fı́s. 48 (2002) 32, hep-
ph/0006093; E. Garcia, A. Hernandez-Galeana, A. Vargas, and
A. Zepeda, hep-ph/0203249.

6. For reviews, see E.H. Simmons, in Proc. of the APS/DPF/DPB
summer study on the future of Particle Physics (Snowmass ed.
N. Graf, eConf C010630, P110 2001). C.T. Hill and E.H. Sim-
mons, Phys. Rept. 381 (2003) 235. T. Appelquist, M. Piai, and
R. Shrock, hep-ph/0401114, hep-ph/0308061. T. Appelquist, R.
Shrock, Phys. Rev. Lett. 90 (2003) 201801.
See also: A. Hernandez-Galeana and A. Zepeda, Rev. Mex. Fı́s.
45 (1999) 239. A. Hernandez-Galeana and A. Zepeda, (edited
by A. Ali and P. Hoodbhoy, World Scientific, 1991), in mem-
ory of Prof. M.A.B. Bég., p. 102. A. Hernandez-Galeana, Ph.
D. Thesis, (Centro de Investigación y de Estudios Avanzados

Rev. Mex. Fı́s. 50 (5) (2004) 522–526



526 A. HERNÁNDEZ GALEANA
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