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Abstract

A non-supersymmetric D-brane inspired model with U(3)C × U(3)L × U(3)R symme-
try is analyzed. The gauge group is broken down to the Standard Model by (1, 3, 3̄),
(1, 3, 1) and (1, 1, 3) Higgs vev’s. Quark masses are obtained from tree-level couplings,
while charged leptons receive masses from fourth order Yukawa terms, as a consequence
of extra abelian symmetries, thus a natural quark-lepton hierarchy arises. Light Majo-
rana neutrino masses are obtained through a see-saw type mechanism operative at the
SU(3)R breaking scale of the order MR ≥ 109GeV.
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1. Description of the Model

In this talk, I will describe a model based on the gauge symmetry U(3)3[1] which contains as a subgroup
the SU(3)C × SU(3)L × SU(3)R symmetry supplemented by three U(1) factors and can be considered as
a D-brane analogue of the trinification model proposed in [2, 3]. I give here a brief description how
such a symmetry could arise in this context. A Dp-brane is an extended object in p-dimensions. In D-
brane constructions[4]-[8] the basic ingredient is the brane stack, i.e., a certain number of parallel, almost
coincident D-branes. A single D-brane carries a U(1) gauge symmetry which is the result of the reduction
of the ten-dimensional Yang-Mills theory. A stack of N parallel branes gives rise to a U(N) gauge group.
Chirality arises when they are wrapped on a torus [6], while in the case of intersecting branes chiral fermions
sit in singular points in the transverse space. The compact space is usually taken to be a six-dimensional
factorizable torus T 6 = T 2×T 2×T 2 while the number of fermion generations, are related to the two distinct
numbers of brane wrappings around the two circles of the torus. Thus, for two stacks na, nb, the gauge
group is U(na) × U(nb) while the fermions (which live in the intersections) belong to the bi-fundamental
representations (na, n̄b), or (n̄a, nb).

Thus, to construct the D-brane analogue of the trinification model, we consider three stacks of D-branes,
each stack containing 3 parallel almost coincident branes giving rise to the gauge symmetry

U(3)C × U(3)L × U(3)R .

The first U(3) is related to SU(3) color, the second involves the weak SU(2)L and the third is related
to a possible intermediate SU(2)R gauge group. Since U(3) is equivalent to SU(3) × U(1), our D-brane
construction –in addition to the standard trinification gauge group– contains also three extra U(1) abelian
symmetries, thus the U(3)3 gauge symmetry can be equivalently written

SU(3)C × SU(3)L × SU(3)R × U(1)C × U(1)L × U(1)R (1)

In the D-brane context, matter fields appear as open strings having both their ends attached to some of
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Figure 1: Schematic representation of a U(3)C × U(3)L × U(3)R D-brane configuration and the matter
fields of the model.

the brane stacks. For example, strings with endpoints attached on two different 3-brane stacks belong to
the (3, 3̄) or (3̄, 3) multiplets of the corresponding gauge group factors. The possible representations which
arise in this scenario should be appropriate to accommodate the standard model particles and Higgs fields.
As such candidates we choose the open strings that appear in figure 1. Under the decomposition (1) these
lead to the following matter representations

Q = (3, 3̄, 1)(+1,−1, 0) (2)

Qc = (3̄, 1, 3)(−1, 0,+1) (3)

L = (1, 3, 3̄)( 0,+1,−1) (4)

Here, we adopt a notation where the three first numbers refer to the color, left and right SU(3) gauge
groups, while the three indices correspond to the three U(1)C,L,R symmetries respectively. It turns out that
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these three representations suffice to accommodate all the fermions of the Standard Model. In particular,
the representation (2) includes the left-handed quark doublets q = (u, d)T and an additional colored
triplet D with SM-quantum numbers as those of the down quark, while representation (3) contains the
right-handed partners of (2). Finally (4) involves the lepton doublet, the right-handed electron and its
corresponding neutrino, two additional SU(2)L doublets and another neutral state, which was given the
name neutreto [2]. For a single family, we write the following assignment

(3, 3̄, 1) =




ur dr Dr

ug dg Dg

ub db Db


 , (3̄, 1, 3) =




uc
r uc

g uc
b

dc
r dc

g dc
b

Dc
r Dc

g Dc
b


 , (1, 3, 3̄) =




Ec0 E− e
Ec+ E0 ν
ec νc+ νc−


 . (5)

The Higgs multiplets responsible for the symmetry breaking down to the Standard Model fall into two
categories: One of them is accommodated in the same representation as the lepton fields,

Ha = (1, 3, 3̄)( 0,+1,−1), a = 1, 2 (6)

Two more scalar fields are required to eliminate additional Z ′ bosons and provide with masses the extra
states:

HL = (1, 3, 1)(0,−2,0) (7)

HR = (1, 1, 3)(0,0,−2) (8)

This second class of representations arise from strings having both their endpoints on the left and right
brane-stacks respectively (see figure 1). The decomposition of the SU(3)3 representations is assumed with
respect to [1]

SU(3)C × SU(3)L × SU(3)R k SU(3)C × [SU(2)L × U(1)L′ ] × [U(1)R′ × U(1)Ω] (9)

while, employing the usual hypercharge embedding Y = − 1
6XL′ + 1

3XR′ where XL′ and XR′ represent
the U(1)L′ and U(1)R′ generators respectively, the transformations of the fermion fields under SU(3)C ×
SU(2)L × U(1)Y × U(1)Ω are as follows (here we have suppressed the U(1)C,L,R indices):

Q = q(0) + D(0)

Qc = dc
(+1) + uc

(0) + Dc
(+1)

L = `+(+1) + `−(−1) + `c
(0) + νc+

(+1) + ν−(−1) + ec
(0) (10)

H = hd+
(+1) + hd−

(−1) + hu
(0) + ec

H (0) + νc+
H (+1) + νc−

H (−1),

where the indeces (0), (±1) refer to the ‘charges’ with respect to U(1)Ω.

One of the characteristics of string derived models is the appearance of anomalous U(1) symmetries.
Unlike the heterotic string case where only one abelian factor is anomalous, in type I string theory, many
anomalous abelian factors can be present and their cancellation is achieved through a generalized Green–
Schwarz mechanism [18] providing masses to the corresponding anomalous gauge bosons. In the model
under consideration, it is easy to see that the only one anomaly-free U(1) combination, is

U(1)Z′ = U(1)C + U(1)L + U(1)R (11)

All states represented from strings having their ends attached on two different brane stacks, i.e. Q,Qc,L and
H, have zero “charge” under Z ′. States represented by strings having both their ends attached to the same
brane stack, as is the case of HL and HR, are “charged” under U(1)Z′ . Under the standard hypercharge
definition, HL, HR are fractionally charged with QHL = (±1/3,±2/3) and QHR = (±1/3,±2/3). The
standard hypercharge is embedded in SU(3)L × SU(3)R, however, it could also include the anomaly-free
U(1)Z , so that Y ′ = Y + xZ. This is possible since, as explained above, the fermion and standard Higgs
multiplets carry zero U(1)Z charge, therefore, their hypercharge is not affected. On the contrary, the
fractionally charged states HL,R will receive a U(1)Z -contribution in their hypercharge. Choosing an
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appropriate value for coefficient x, the representations HL = (1, 3, 1) and HR = (1, 1, 3) obtain integral
charges like those of the standard model Higgs and lepton fields.

The standard hypercharge is embedded in SU(3)L×SU(3)R, however, it could also include the anomaly-
free U(1)Z′ , so that Y ′ = Y + xZ ′. This is possible since the fermion and standard Higgs multiplets carry
zero U(1)Z′ charge, therefore, their hypercharge is not affected. On the contrary, the fractionally charged
states HL,R will receive a U(1)Z′-contribution in their hypercharge. Choosing x = 1

6 , the representations
HL = (1, 3, 1) and HR = (1, 1, 3) obtain integral charges like those of the standard model Higgs and lepton
fields. In particular, the embedding

Y ′ = Y +
1
6
Z ′ ≡ −1

6
XL +

1
3
XR +

1
6
Z ′ (12)

leaves all the representations containing the SM spectrum unchanged, while for the HL,R scalar fields it
yields

HL = (1, 3, 1) = ĥ+
L

(
1, 2;−1

2
, 0

)
+ ν̂HL (1, 1; 1, 0) (13)

HR = (1, 1, 3) = êc
H(1, 1; 1, 0) + ν̂c+

HR(1, 1; 0, 1) + ν̂c−
HR(1, 1; 0,−1) (14)

where the transformation properties and the quantum numbers of HL,R are written here with respect to
the symmetry SU(3)C ×SU(2)L×U(1)Y ×U(1)Ω. Thus, under (12) the multiplet HL contains a standard
Higgs doublet ĥL and a neutral singlet ν̂HL . The HR representation is decomposed into a charged singlet
êHR and the two neutral components ν̂+

HR , ν̂−HR which will play a crucial role to the formation of heavy
mass terms for the additional lepton doublets and the breaking of the extra U(1)Z′ . Indeed, since H1,2

Higgs fields do not carry any charge under U(1)Z′ , the latter remains unbroken. Thus, to break this
remnant abelian factor, we need to assume non-zero vevs for the HL and/or HR field.

2. The string scale

We first start our discussion assuming unification of all couplings at MS . The reduction of the SU(3)3×
U(1)3 to the SM is in general associated with three different scales corresponding to the the SU(3)R,
SU(3)L and U(1)Z′ symmetry breaking. We will assume here for simplicity that the SU(3)L,R and U(1)Z′
symmetries break simultaneously at a common scale MR, hence the model is characterized only by two
large scales, the string/brane scale MS , and the scale MR. Using the one-loop renormalization group
equations, we eliminate the string coupling and obtain the following formulae for the scales MR, MS :

MR = MZ × exp
[
2π

6 x/aY + 3 y/a2 + z/a3

6x bY + 3y b2 + z b3

]
(15)

MS = MR × exp
[
2π

6(b3 − b2)/aY + (6bY − 13b3)/a2 + (13b2 − 6bY )/a3

6x bY + 3y b2 + z b3

]
. (16)

Here x = bL − bC , y = 4bC − bL − 3bR and z = bC − 10bL + 9bR, with bC = −11 + 2 ng, bL,R =
−11 + 2 ng + 1

12 (3nĤ + 1), where nĤ the number of the Higgs fields HL,R which in our case is taken to be
nĤ = 2, while α3,2,Y are the SM couplings at MZ . In the present model, the spectrum implies bL = bR.
We then find that y = 4x and z = −9x, thus as can be checked from (15), at the one-loop approximation
the MR scale does not depend on bL,R,C beta functions and can be expressed only in terms of the low
energy parameters as follows

MR = MZ × exp
[
6/aY − 12/a2 − 1/a3

6bY − 12b2 − b3

]
≈ 1.7× 109GeV (17)

Thus, MR in this case (i.e. bL = bR) is independent of the physics at the String scale. On the contrary,
MS , as expected, strongly depends on the SU(3)3 beta functions. If we adopt the heterotic string scale
MS ∼ 4 × 1017 GeV as its highest value, this implies that bL,R ≥ − 3

2 . Such values for the bL,R beta
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Figure 2: The string scale MS , and SU(3)R breaking scale MR as functions of the common coupling a for
(i) αL = αR = aS , (ii) αL = αC = aS and (iii) αC = αR = aS . In all cases, we let MS is truncated at
1018GeV. In case (i) the MR scale is constant MR ≈ 1.7 × 109GeV . In the remaining two cases, we find
that MR lowers as MS attains higher values.

functions are obtained for a large number of Higgs fields and other matter multiplets which are usually
present in a String spectrum.

In a D-brane realization of the proposed model, the three U(3) gauge factors originate from 3-brane
stacks that span different directions of the higher dimensional space. As a consequence, the corresponding
gauge couplings αC,L,R are not necessarily equal at the string scale MS . However, in certain constructions,
at least two D-brane stacks can be superposed and the associated couplings are equal[5]. In this context,
we examine three different cases (i) αC = αL ≡ aS (ii) and αL = αR ≡ aS , (iii) αC = αR ≡ aS at MS

which correspond to superposing the left with the right, the color with the left and the color with the right
U(3) brane stacks.

Solving the RGEs for the three cases mentioned above we obtain MR and MS as a function of the
common coupling aS . The results are presented in Figure 2. The curves extend from the point MS = MR

to the Planck scale. The case in the right part of the graph corresponds to αL = αR = aS . We observe
that in this case, the MR scale remains constant MR ∼ 1.7×109 GeV, i.e., it is independent of the common
gauge coupling aS . The second case (in the middle of the graph) corresponds to the case αL = αC = αS .
The identification of MS ,MR scales occurs at the unification point MS = MR ≈ 2.3 × 1016GeV. Finally,
for αR = αC , we obtain MR = MS ≈ 2.3× 1011GeV.

2.1 The Symmetry breaking and fermion masses

To break the symmetry and provide with masses the various matter multiplets we assume two Higgs in
H = (1, 3, 3̄) and a pair HL = (1, 3, 1), HR = (1, 1, 3) with the following vevs:

H1 → 〈hu
1 〉 = u1, 〈hd−

1 〉 = u2, 〈νc+
H, 1

〉 = U,

H2 → 〈hu
2 〉 = v1, 〈hd−

2〉 = v2, 〈hd+
2〉 = v3, 〈νc−

H 2〉 = V1, 〈νc+
H 2〉 = V2

HL → 〈ν̂HL〉
HR → 〈ν̂HR〉

The vevs U, V1,2 and 〈ν̂HL,R〉 are taken of the order MR, while u1,2 and v1,2 are of the order of the
electroweak scale.
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Due to the existence of the additional U(1)C,L,R symmetries, only the following Yukawa coupling is
present at the tree-level Yukawa potential

λij
Q,1QiQc

j Ha, a = 1, 2 (18)

providing up and down quark masses as well masses for the extra triplets. In particular, for the up quarks

mij
uuc = λij

Q,1u1 + λij
Q,2v1 (19)

For the down-type quarks di, d
c
j , Di, D

c
j , we obtain a 6× 6 down type quark matrix in flavor space, of the

form

md =
(

mddc Mgdc

mdgc Mggc

)
(20)

where mddc = λij
Q,1 u2 + λij

Q,2 v2 and mdgc = λij
Q,2 v3 are 3 × 3 matrices with entries of the electroweak

scale, while Mgdc = λij
Q,2 V1, Mggc = λij

Q,1 U + λij
Q,2 V2 are of the order MR. The diagonalization of the

non-symmetric mass matrix (20) will lead to a light 3 × 3 mass matrix for the down quarks and a heavy
analogue of the order of the SU(3)R breaking scale.

The extra U(1)C,L,R factors do not allow for a tree-level coupling for the lepton fields. The lowest order
allowed leptonic Yukawa terms arise at fourth order. These are

fab
ij

MS
H†aH†b Li Lj +

ζij

MS
HLH†R Li Lj → (

αij `+i + βij `−i
)

ec
j + 〈ν̂HL〉

(
α̂ij`

+
i + β̂ij`

−
i

)
`c
j (21)

where fab
ij , ζij are order one Yukawa couplings and

αij = ρ(f11
ij u1 + f21

ij v1) + σ(f22
ij v1 + f12

ij u1)

βij = ξ
(
f22

ij v1 + f21
ij u1

)
(22)

while α̂ij = ζij
〈ν̂c+∗
HR 〉
M , β̂ij = ζij

〈ν̂c−∗
HR 〉
M and ρ = U

M , σ = V2
M , ξ = V1

M . These terms provide with masses the
charged leptons suppressed by a factor MR/MS compared to quark masses. Thus, a natural quark-lepton
hierarchy arises in this model. All the remaining states (lepton like doublets and neutral singlets) obtain
masses of the order M2

R/MS [1]. They further imply light Majorana masses for the three neutrino species
through a see-saw mechanism. In particular, the neutrino mass matrix in the basis `+, `−, νc+, νc−, `c is

Mν ∼ 1
MS




m2
W m2

W mW MR M2
R M2

R

m2
W mW MR mW MR mW MR M2

R

mW MR mW MR M2
R M2

R 0
mW MR mW MR M2

R M2
R 0

M2
R M2

R 0 0 0




where we have assumed for simplicity common vevs ui = vi = MW , U = Vj = MR, where i, j = 1, 2. This is
a see-saw type mass matrix. Three light neutrino species receive see-saw masses of the order m2

W /MS while
the remaining states receive heavy masses of the order M2

R/MS . To obtain a light neutrino spectrum at
the range of eV , the scale MS should be of the order MS ∼ 1013−15GeV. Interestingly, this is in accordance
with the findings of the RGE analysis in section 3. In particular, MS is found within the bounds of the
cases αL = αR and αC = αR shown in figure 2. It is further compatible with the effective gravity scale in
theories with large extra dimensions obtained in the context of Type I string models [6].

3. Conclusions

In this talk, we analyzed a U(3)C × U(3)L × U(3)R model which can be derived in the context of
D-branes. Since U(3) → SU(3) × U(1), this symmetry is equivalent to the standard SU(3)3 trinification
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gauge group supplemented by three abelian factors U(1)C,L,R. The main characteristic features of the
model are:

• The three U(1) factors define an unique anomaly-free combination U(1)Z′ = U(1)C + U(1)L + U(1)R

as well as two other anomalous combinations whose anomalies can be cancelled by a generalized Green-
Schwarz mechanism.

• The Standard Model fermions are represented by strings attached to two different brane-stacks and
belong to (3, 3̄, 1) + (3̄, 1, 3) + (1, 3, 3̄) representations as is the case of the trinification model.

• The scalar sector contains Higgs fields in (1, 3, 3̄), as well as Higgs in (1,3,1) and (1,1,3) representations
which can arise from strings whose both ends are attached on the same brane stack. The Higgs fields break
the SU(3)L × SU(3)R part of the gauge symmetry down to U(1)em; they further provide a natural quark-
lepton hierarchy since quark masses are obtained from tree-level couplings, while, due to the extra U(1)
symmetries, charged leptons are allowed to receive masses from fourth order Yukawa terms.

• The SU(3)R breaking scale is found to be MR > 109 GeV, while a string scale MS ∼ 1013−15GeV is
predicted which suppresses the light Majorana masses through a see-saw mechanism down to sub-eV range
as required by neutrino physics.
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