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Abstract

We have studied the most general neutrino mass matrices in models

with SU(2) and SU(3) horizontal symmetries. Without going into the

details of the models it is possible to write down the effective operators,

which predict the structure of the Majorana neutrino mass matrices.

Unlike other extensions of the standard model, the structure is now

independent of the effective Yukawa couplings and depends entirely on

the Higgs which gives mass to the other fermions. In the case of SU(3)

symmetries the lowest dimensional operators are forbidden requiring

a low mass scale for lepton number violation.
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The structure of fermion masses and mixing is not predicted in the stan-

dard model because all generations are treated similarly. All the fermion

masses and mixing are free parameters, which are supposed to be deter-

mined by experiments. To eliminate this uncertainty and to understand the

generation structure several approaches has been considered [1]. One such

approach assumes that the fermions of different generations are related by

some gauge symmetry group, called the horizontal symmetry [2]. The vac-

uum expectation values (vev) of the Higgs would then give us the structure

of the fermion masses and mixing.

So far most of the searches for physics beyond the standard model has met

with negative results except for the neutrino sector. The neutrino mass is

predicted to be zero in the standard model, but a solution to the atmospheric

neutrino anomaly [3] has evidenced a nonvanishing mass for the neutrinos.

This result has been supported by the solar neutrino results [4]. Even the

Laboratory experiments started supporting this result predicting a neutrino

mass and mixing required to explain the observed neutrino oscillations [5, 6].

The developments in the neutrino physics over the past few years have already

established some possible structures for the neutrino mass matrix.

Since the horizontal symmetric models are some of the possible extensions

of the standard model, it is most natural to study the horizontal symmetries

in the light of the recent results from neutrino physics. In this article we point

out that it is possible to make some general comments about the neutrino

masses and mixing in some of the models of gauged horizontal symmetries.

We shall discuss the nonabelian SU(2)H , SU(3)V
H and SU(3)V L

H horizontal

gauge symmetries, although our results could be generalized to other sym-

metries as well.

We start with a brief introduction to the horizontal symmetries, we are

going to discuss. We shall include the right handed neutrinos and their

interactions while studying the neutrino masses. In the SU(2)H horizontal

symmetry all the left and right handed fermions and antifermions transform
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as triplets. The fermion bilinears can thus be a singlet, tripplet or a 5-plet

and hence the standard model Higgs doublet fields required to give fermion

masses have to transform as a singlet φa1[1, 2, 1, 1] (trace), triplet φa2
k [1, 2, 1, 3]

(antisymmetric tensor) or a 5-plet φa3
ij [1, 2, 1, 5] (traceless symmetric tensor

of rank 2) under SU(2)H . So, we need one or more of the Higgs scalars φa1,

φa2
i or φa3

ij to write down the Yukawa couplings for the fermion masses and

mixing

LY = fu
1 δij q̄iLujRφa1† + ǫijkf

u
3 q̄iLujRφa2

k

†
+ fu

5 q̄iLujRφa3
ij

†

+fd
1 δij q̄iLdjRφa1 + ǫijkf

d
3 q̄iLdjRφa2

k + fd
5 q̄iLdjRφa3

ij

+f e
1δij ℓ̄iLejRφa1 + ǫijkf

e
3 ℓ̄iLejRφa2

k + f e
5 ℓ̄iLejRφa3

ij + h.c. (1)

Here i, j, k = 1, 2, 3 are SU(2)H indices. The vevs of the different components

of a Higgs scalar now determine the structure of the fermion mass matrices.

The SU(2)H symmetry now requires same Yukawa couplings for all gener-

ations. The singlet φa1δij being the trace of the matrix in the generation

space, a vev of the field φa1 can only give equal masses to all the fermion

generations with no mixing. Thus we need at least two or more of the Higgs

fields φa2
k and φa3

ij . In addition to these standard model Higgs doublets there

are some singlets fields which breaks the horizontal group. Their inclusion

do not change our analysis.

There are two possible realizations of the SU(3) horizontal symmetries.

In the vector-like case the left handed fermions and antifermions transform

as triplets, while the right handed fermions and antifermions transform as

antitriplets of SU(3)V L
H . In this case we need to introduce mirror fermions to

make the theory anomaly free and hence consistent. For every left handed

field there is a right handed mirror field which has the same transformation

under all gauge symmetries. In some theories such mirror fermions come

out naturally and has interesting consequences, but otherwise this doubles

the number of fermions. The mirror fermions are decoupled by some dis-

crete symmetry from interacting with usual fermions and hence escape all
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detections. We shall not discuss the mirror sector here.

To contribute to the fermion masses the standard model Higgs dou-

blet now could be an antitriplet φb1
[ij][1, 2, 1, 3̄] (antisymmetric rank 2 tensor)

or a sextet φb2
{ij}[1, 2, 1, 6] (symmetric rank 2 tensor) under SU(3)V L

H . To

give masses to both the up and down quark sector we need another triplet

φ̃b1
[ij][1, 2, 1, 3] and antisextet φ̃b2

[ij][1, 2, 1, 6̄] of SU(3)V L
H , which carry same hy-

percharge as φb1
{ij} and φb2

[ij] respectively. The Yukawa couplings are now given

by

LY = hu
3 q̄iLujRφ̃b1†

[ij] + hd
3q̄iLdjRφb1

[ij] + he
3ℓ̄iLejRφb1

[ij]

+hu
6 q̄iLujRφ̃b2†

{ij} + hd
6q̄iLdjRφb2

{ij} + he
6ℓ̄iLejRφb2

{ij} + h.c. (2)

Since φb1
[ij] [φ̃b1

[ij]] and φb2
{ij} [φ̃b2

{ij}] are most general anti-symmetric and sym-

metric matrices, they can provide the required fermion mass matrices and

their mixings.

The second realization of SU(3) is different, because it now requires a

right handed neutrino to cancel anomaly. In the SU(3)V
H the fermions are

vectorial. Both the left and right handed fermions transform as triplets

under SU(3)V
H and all anti-fermions transform as anti-triplets. This implies

that the standard model Higgs doublet that gives mass to the fermions after

symmetry breaking could be a singlet φc1[1, 2, 1, 1] or an octet φc2
ij [1, 2, 1, 8]

under SU(3)V
H ,

LY = gu
1 δij q̄iLujRφc1† + gd

1δij q̄iLdjRφc1 + ge
1δij ℓ̄iLejRφc1

+gu
8 q̄iLujRφc2

ij

†
+ gd

8 q̄iLdjRφc2
ij + ge

8ℓ̄iLejRφc2
ij + h.c. (3)

The singlet Higgs φc1 gives equal masses to all generations with no mixing,

but together with the octet Higgs they can produce all the required masses

and mixing for the fermions. In the minimal model there are no new doublet

Higgs scalar in addition to the φc1 and φc2. To break the SU(3)V
H horizontal

symmetry some standard models singlet Higgs scalars are required which

shall be discussed later.
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The main features of all the horizontal symmetries is that the Higgs dou-

blets are required to be such that the generation structure comes only from

the vevs of the doublet Higgs. The Yukawa couplings do not carry any gener-

ation index. We shall restrict ourselves to Higgs doublets which are required

by the minimal models as discussed above.

We now turn to the question of neutrino masses in these horizontal sym-

metric models. The natural scenario of small neutrino masses is to have

Majorana masses which are different realizations of a single effective opera-

tor [7],

Leff = yeff
ij ℓiLℓjLφφ. (4)

where φ is the usual Higgs doublet. The effective coupling yeff
ij of this interac-

tion includes the lepton number violating large scale M in the denominator.

If we write yeff ∼ f/M , then for f ∼ 10−3 we get M ∼ 1012 GeV to ex-

plain the neutrino masses required by the atmospheric neutrino anomaly.

For radiative models f would have a smaller value and hence M could be

lower. The effective coupling yeff will depend on the actual realization of

this operator. The structure of the neutrino mass matrix

Mνij = yeff
ij < φ >2 (5)

depends completely on the effective Yukawa coupling.

The main point in our paper is that in theories with horizontal symme-

tries, the structure of the effective operators remain same, but the effective

coupling is now completely independent of the generation structure. All the

information about the generation structure are contained in the structure of

the Higgs doublets. In other words, the structure of the neutrino mass matrix

can be determined completely if we know how the Higgs doublets transform

under the horizontal symmetric group. The only assumption we are making

here is that for phenomenological reasons the horizontal symmetry is assumed

to be broken at a scale much lower than the lepton number violating scale M .

We assume that the mass of the gauge bosons of the horizontal symmetry
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is about 100 TeV, to have consistency with the lower bound on their mass

coming from processes like KL → µ± + e∓. If the horizontal symmetry is

broken at a very high scale when the lepton number symmetry is also broken

or higher, our result does not hold. Although we shall be discussing only few

horizontal symmetry groups, but the above observation is true for any other

horizontal symmetry groups including the abelian symmetries.

To understand this point, let us consider the example of see-saw mech-

anism [8]. In general the heavy neutrino mass matrix could have nontrivial

structure in the generation space. But in case of horizontal symmetric mod-

els, at the lepton number violating scale the horizontal symmetries are still

exact. So, the horizontal symmetries will prevent nontrivial structures of the

heavy neutrino mass matrix. Only diagonal mass matrices are allowed for

the right handed neutrinos.

In the minimal version of SU(2)H , there is no right handed neutrino. One

may add to the theory right handed neutrinos NiR, which are singlets or even

triplets under SU(2)H . When the right handed neutrinos are three singlets,

one may add a general Majorana mass term with nonvanishing off-diagonal

terms. However, since NiR does not have any gauge interactions, without

loss of generality we can diagonalise the mass matrix and work in a basis in

which the heavy right handed neutrino mass matrix is diagonal.

In SU(2)H there are three standard model doublet Higgs scalars, a singlet

φa1, a triplet φa2
i and a 5-plet φa3

ij . So for the singlet right handed neutrinos

the Dirac neutrino masses could come only from the triplet Higgs scalar

LD = f ν
j ℓ̄iLNjRφa2

i

†
. (6)

If neutrino mass is generated through see-saw mechanism, the left handed

neutrino mass matrix would come only from the triplet Higgs. We shall not

restrict our discussions of neutrino masses to only one mechanism and hence

we shall present a more general analysis.

The right handed neutrinos could also be triplets. We assumed that
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when the right handed neutrinos get mass at a scale M breaking lepton

number, the horizontal symmetry is exact. This implies that the right handed

neutrino mass matrix comes from a singlet Higgs and hence the mass matrix

is diagonal. Hence the low energy neutrino mass matrix again depends only

on the standard model Higgs scalars appearing in the effective Majorana

mass term and not on the effective Yukawa coupling constant yeff . The

Dirac neutrino mass term will now have contributions from all the Higgs

scalars

LD = f ν
1 δij ℓ̄iLNjRφa

i
† + f ν

3 ǫijkℓ̄iLNjRφa2
k

†
+ f ν

5 ℓ̄iLNjRφa3
ij

†
. (7)

Thus vevs of all the Higgs scalars would contribute to the left handed Majo-

rana neutrino mass matrix.

We can now come back to the effective operator contributing to the left

handed neutrino Majorana mass matrix. These operators do not depend

on the existence of the right handed neutrinos. Since the left handed neu-

trinos are triplets under SU(2)H the Majorana mass term ℓiLℓjL can be a

singlet, triplet or a 5-plet. A singlet contribution can come from an opera-

tor yeffℓiLℓjLφa1φa1, but since this can give only a diagonal neutrino mass

it is not sufficient. The triplet combination yeffǫijkℓiLℓjLφa1φa12
k vanishes

identically since the neutrino mass matrix is symmetric. Thus only the 5-

plet combination is important. In the following we list all possible operators

which can contribute to the 5-plet combination of the neutrino mass matrix

L1
eff = yeffℓiLℓjLφa2

i φa2
j

L2
eff = yeffℓiLℓjLφa1φa3

ij

L3
eff = yeffℓiLℓjLφa3

ik φa3
jk. (8)

An 5-plet of SU(2)H has isospin quantum number 2. Hence it has 5 pro-

jections, which are the 5-components. We can give vevs to any one of these

components and hence there could be only 5 parameters that can determine
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the structure of the neutrino mass matrix. This is given by the matrix









a b c

b c√
2

d

c d e









. (9)

The fact that the (22) component is same as the (13) or (31) component

(modulo a factor of
√

2) restricts the possible textures of the neutrino mass

matrix. Otherwise the mass matrix is very general and can explain the

present data from atmospheric neutrino, solar neutrino and laboratory ex-

periments for suitable value of the parameters coming from the vevs of the

Higgs scalars [9]. The simplest choice would be when only the singlet give

the charged lepton mass and hence diagonal. Otherwise we first have to di-

agonalise the charged lepton mass matrix to get the actual neutrino mass

matrix.

For SU(3)V L
H one can only add singlet right handed neutrinos so as to

give them Majorana mass with only SU(3)V L
H singlet Higgs scalars. Since

these neutrinos do not have any gauge interaction, the mass matrix can be

diagonalised without loss of generality. The Dirac mass of the neutrinos can

then come from both the triplet φ̃b1
[ij] and anti-sextet φ̃b2

{ij} Higgs scalars

LD = hν
3 ℓ̄iLNjRφ̃b1†

[ij] + hu
6 ℓ̄iLNjRφ̃b2†

{ij}. (10)

The effective operator will not depend on the existence of the right handed

neutrinos.

We now study the effective operators contributing to the Majorana neu-

trino masses for SU(3)V L. Since the left handed neutrinos are triplets and

the mass term is symmetric, only a sextet combination of the Higgs scalars

would contribute to the effective operator. Possible operators are

L1
eff = yeffǫiklǫjmnℓiLℓjLφb1

[kl]φ
b1
[mn]

L1
eff = yeffǫikmǫjlnℓiLℓjLφb2

{kl}φ
b2
{mn} (11)
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Since the effective mass term is a sextet, it is given by 6 parameters in the

matrix








a b c

b d e

c e f









. (12)

It is thus clear that this mass matrix is the most general symmetric mass

matrix and hence can explain any experiment with proper choice of these six

parameters, which are given by the vevs of the Higgs doublets.

The SU(3)V
H case is most interesting. As in the SU(3)V L

H case, the right

handed neutrinos can only be singlets, otherwise they cannot get Majorana

mass before SU(3)V
H is broken. The left handed leptons are again triplet,

so the Dirac mass term would require a triplet Higgs scalar, which is not

there in the model. Hence the right handed neutrinos decouple from the left

handed neutrino mass matrix. We shall come back to this point later.

Since the left handed neutrinos are triplets, the effective mass term is a

sextet as in the previous case. But now the Higgs scalars in the minimal

model are singlet and octet. Hence there are no dimension five operators,

which can allow neutrino masses. If we now include a Higgs, which is standard

model singlet and triplet under SU(3)V
H η{ij}[1, 1, 0, 6̄], which can break the

horizontal symmetry group, then we can have the effective operators

L1
eff = yeffℓiLℓjLφc1φc1η{ij}

L2
eff = yeffℓiLℓjLφc2

klφ
c2
il η{kj}

L3
eff = yeffℓiLℓjLφc1φc2

ikη{kj}. (13)

Now the operators are of dimension 6 and hence suppressed by one extra

power of the lepton number violating scale M . In case of dimension 5 op-

erators the lepton number violating scale was M ∼ 1012 GeV. But now the

required lepton number violating scale would be about M ∼ 108 GeV. Since

we cannot construct a dimension 5 operator in this case, it is obvious the

mechanism for neutrino mass has to be somewhat different from the canon-
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ical case. This is clear from the fact that there is no Dirac mass term now

(which will immediately forbid the see-saw mechanism). For example, one

can now generate a neutrino mass in the triplet Higgs mechanism [10], where

the triplet Higgs is a sextet under SU(3)V
H . This result will change if one

considers nonminimal model by including a sextet and triplet standard model

doublet Higgs scalars.

The lepton number violating scale could be further lowered, if the hori-

zontal symmetry is broken by a triplet Higgs ωi[1, 1, 0, 3̄] instead of a sextet

Higgs. In this case the effective operators are

L1
eff = yeffℓiLℓjLφc1φc1ωiωj

L2
eff = yeffℓiLℓjLφc2

klφ
c2
il ωkωj

L3
eff = yeffℓiLℓjLφc1φc2

ikωkωj. (14)

These operators have dimension 7 and hence they are suppressed by third

power of lepton number violating scale. This implies that the lepton number

violating scale M could be as low as M ∼ 1000 TeV. In this case the left

handed neutrino mass would be determined by the sextet structure of the

effective Higgs and hence the mass matrix would appear to be similar to

SU(3)V L
H model.

In summary, we pointed out that in models with gauged horizontal sym-

metries it is possible to get the structure of the neutrino mass matrix without

knowing the mechanism which generates the neutrino mass. This is because

the effective operator for the neutrino masses contains all the generation in-

dices in the Higgs vevs and the effective Yukawa coupling is independent

of the generation structure. We studied the neutrino mass matrices in the

SU(2)H and , SU(3)V
H and SU(3)V L

H horizontal symmetric models.
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