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1 1. INTRODUCTION

The Standard Model of particle physics (SM) is the
fruit of our understanding of Quantum Field Theory
over the last fifty years. It appears to be the correct
low�energy effective field theory for all particle inter�
actions below the weak scale [1, 2]. However, is seems
to be rather complicated and incomplete. There are
three families of quarks and leptons which transform
under the gauge group SU(3)C × SU(2)L × U(1)Y and
26 parameters making up the particle masses, mixing
angles, and gauge coupling constants. There are large
hierarchies in the parameters, as the masses of fermi�
ons where the transformation way with respect to the
symmetries of the quantum theory does not provide an
explanation making it obscure since the Yukawa cou�
plings do not have a predicted structure within the SM.

Superstring theory seems to offer a framework
which has been shown to naturally gives rise to all of
these ingredients explaining the origin of the SM
gauge group, particle representations, and parameters
within an identified particular string vacua.

In the quest for obtaining a realistic string�based
model, generic properties of the low�energy effective
Lagrangian such as D = 4 chirality and unitary gauge
groups are of fundamental importance [3–5]. Once
these have been found in a particular setup of string the�
ory, there are still many other issues to face in order to
reproduce some realistic physics at low energies [4–7].
In particular, even if one manages to obtain a massless
spectrum quite close to the SM (or some extension of
it) [8, 9], one is eventually faced with the problem of
computing some finer data defining a Quantum Field
Theory. These data may tell us how close are we of
reproducing the SM which, as we know, is not a bunch

1 The article is published in the original.

of chiral fermions with appropriate quantum numbers,
but an intricate theory with lots of well�measured
parameters. In this section we review intersecting
D�brane models from a general viewpoint, collecting
the necessary information for addressing the problem
of Yukawa couplings. Most part of the effort on con�
structing phenomenologically appealing intersecting
brane configurations has centered on simple toroidal
and on orbifold/orientifold compactifications. Never�
theless, Important issues as massless chiral spectrum
and tadpole cancellation conditions are of topological
nature, thus easily tractable in more general compac�
tifications where the metric may not be known explic�
itly. Following this general philosophy, we will intro�
duce Yukawa couplings as arising from worldsheet
instantons in a generic compactification. Although the
specific computation of these worldsheet instantons
needs the knowledge of the target space metric, many
important features, i.e. textures and strengths can be
discussed in a more general level.

The aim of this paper is to address the Yukawa sec�
tor in the context of Intersecting Brane Worlds. In par�
ticular, we discuss the Yukawa couplings structure
from a general view point within a minimal D�brane
orientifold models of three stacks of intersecting
D�branes with U(3)a × U(1)b × U(1)c gauge symmetry
and SM spectrum. With the minimal chiral spectrum,
the corresponding effective Yukawa sector requires
stringy corrections in terms of Euclidean instantons to
induce the missing couplings by way of their fermionic

charged zero modes λa, b, c,  According to the
known SM fermion mass scales, we set down the cor�
responding texture of the Yukawa constants and then
bound their strengths.
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2. YUKAWA SECTOR: 
STRUCTURE AND STRENGTHS

In the context of intersecting brane worlds [10],
Yukawa couplings arise from open string worldsheet
instantons connecting three D�brane intersections, in
such a way that the open string states there located
have suitable Lorentz and gauge quantum numbers to
build up an invariant in the effective Lagrangian. This
will usually involve the presence of three different
D�branes, which determine the boundary conditions
of the worldsheet instanton contributing to this
Yukawa coupling, as with Fi, fj denote the three family
i, j = 1, 2, 3 fermion (quarks and leptons) doublets and
singlets respectively, Fi ≡ Qi, Li, fj ≡ qi, ej and h denotes
the Higgs boson. In this picture, the Yukawa couplings

 (1)

between the fields Fi, fj and h living at brane intersec�
tions will arise from worldsheet instantons involving
three different boundary conditions. Roughly speaking,
the instanton contribution to the Yukawa coupling will
be given by evaluating the classical action e–Scl on the
surface of minimal area connecting the three intersec�
tions. As a result, Yukawa constants yij will depend on
several moduli of the theory, such as D�brane positions
(open string moduli) and the compact manifold met�
ric (closed string moduli). More concretely, we expect
the Yukawa constants yij to be roughly of the form,

 (2)

where 1/2πα' is the string tension and the exponentia�
tion Aij is the main contribution to the Yukawa con�
stants, which is the target�area of such above triangular
surface. Thus, the specific computation of these con�
stants depends on the internal space. However, some
important features can be derived without the specific
details of the underlying geometry giving a hint of how
these quantities may behave in a more general setup.

Large ingredients such as gauge groups and chiral
matter that we can use to build up the SM�like gauge
theories are offered by D�brane constructions with
orientifold configurations [11–14]. The gauge sym�
metry and the matter content of the SM in this frame�
work can be accommodated in a three stack model
with the gauge symmetry,

U(3)a × U(2)b × U(1)c. (3)

Consistency conditions such as tadpole cancellation
and the presence of a massless hypercharge constrain
the chiral content and the transformation behavior
[15]. The abelian and mixed anomalies are cancelled
by the Green� Schwarz mechanism and promoted to
global symmetries which are respected by all perturba�
tive couplings and, a linear combination U(1)Y =

 of them does not aquire a stuckel�

berg mass and remains massless to be identified as the
hypercharge. Tadpole cancellations which are condi�

ζYuk yijFi fjh,=

yij ~ e
–Aij/2πα '

,

αkU 1( )kαk a b c, ,=∑

tions on the cycles the D�branes wrap imply restric�
tions on the transformation properties of the chiral
spectrum and guarantees the cancellation of gauge
anomalies U(N

α
 = a, b, c). These conditions are used to

fit the U(1)a, b, c charged SM particles to the following

intersection numbers,
2

 (4)

The other intersection numbers are set to zero and as
we discussed. From these intersection numbers, we
summarize in the following table the fields content
and the corresponding charges which depend on the
anomaly�free hypercharge linear combination for
which do all the matter particles have the proper elec�
troweak hypercharge. Roughly, abelian and mixed
anomalies are canceled via the Green�Schwarz mech�
anism and non�abelian anomalies are vanished by tad�
pole conditions [4–7]. The anomalous U(1)a, b, c

acquire masses and survive only as global symmetries
and forbid various couplings at the perturbative level.
A linear combination of these global symmetries
remains massless to be identified with the hypercharge
in the resulting four�dimensional spacetime gauge
group. Vanishing of anomalies which we require to be
satisfied are used to fit the SM fermions [15]. The
chiral spectrum including the Higgs doublets and the
gauge symmetry can be represented in the Table 1
together with their identification with SM matter
fields is given in Table 1.

The model with three stacks can be encoded in a
quiver where each node represents a D6�brane and the
links between them indicate their chiral intersections.
The quiver summarizing the above spectrum with the
two Higgses is shown in the following figure.

In this set up, only the three quark doublets arise
from two different intersections. This feature will be

2 We have not included those involving b* = b.

Iab 1,    Iab* 2,= =

Iac 3,    Iac*– 3,–= =

Ibc 3     Icc*,– 3.–= =

Table 1. The fields content corresponding to the free anom�

aly linear combination Y = U(1)a – U(1)c. The factors

1, 2, 3 denote the field multiplicity

Fields 1Q 2Q' 3uc 3dc 3L 3ec h

Ca 1 1 –1 –1 0 0 0

Cb –1 1 0 0 –1 0 –1

Cc 0 0 1 –1 1 –2 –1

Y 1/6 1/6 –2/3 1/3 –1/2 1 1/2

1
6
�� 1

2
��



478

PHYSICS OF PARTICLES AND NUCLEI LETTERS  Vol. 12  No. 4  2015

SALAH EDDINE ENNADIFI

adressed at the level of the perturbative Yukawa
lagrangian where we require the presence of the phe�
nomenologically desired terms involoving all the SM
Yukawa couplings and the absence of the phenomeno�
logically undesired couplings terms such as R�parity
violating or proton decay terms. According to the
charges presented in the Table 1 and the field multi�
plicities assignment of this minimal chiral and Higgs
spectrum which is consistent with the above hyper�
charge, only the following Yukawa terms,

 (5)

are perturbatively allowed. y's are the Yukawa coupling
matrices with the indices i, j run over all three fermion
generations, while n and m take only two and one val�
ues respectively. Depending on the particular n, m
assignment of the quark doublet, three possible up and

down Yukawa matrix  and  textures arise with a
complementary texture zero structure at the perturba�

ζYuk ynj
u Qn' uj

ch ymj
d Qmdj

ch† yij
e Liej

ch†++=

ynj
u ymj

d

tive level, in the sense that the zero entries of the first
are non�zero in the second and vice versa,

 (6)

The absent but phenomenologically desired matrix
entries violate the U(1)b symmetry,

 (7)

Within this view, the missing superpotential terms are
not sensitive to the electroweak symmetry breaking.
The most exciting and economic mechanism to com�
municate the elector�weak symmetry breaking and
produce these missing terms without extending the
field spectrum is that of invoking stringy instanton
non�perturbative effects. In this minimal D6�branes
configuration, such non�perturbative effects are gen�
erated by O(1) instantons realized from D2�branes
wrapped appropriately on rigid orientifold�invariant
3�cycles in the internal space. Indeed, this will give rise

only to the charged fermionic zero modes λb,  at the
intersection with the relevant D6b�brane and carrying
suitable charges required to cancel the U(1)b charges
excess of the missing superpotential quark and the
possible neutrino coupling terms,

 (8)

These charge excess (7) and (8) could be compensated
by the following E2�instantons.

The quiver part illustrating this stringy correction
pattern with their appropriate charged fermionic zero
modes is depicted in the Fig. 3.

Performing the Grassmann path integral over all
the fermionic zero modes for each missing terms, one

y 1 2 0, ,( ) j '
u

, y 0 0 3, ,( ) j
d

[ ],    n( 1 2  m, , 3 ),= =

y 1 0 3, ,( ) j '
u

, y 0 2 0, ,( ) j
d

[ ],    n( 1 3  m, , 2 ),= =

y 0 2 3, ,( ) j '
u

, y 1 0 0, ,( ) j
d

[ ],    n( 2 3  m, , 1 ).= =

Cb Qmuj
ch( ) 2,    Cb Qn' dj

ch†
( ) 2.–= =

λb

Cb LiLihh( ) 4.–=

U(3)a U(1)c

U(2)b

L

h

uc

dc

Q

Q'

ec

Fig. 2. Three�Stack Quiver. Circles denote D6/D6*�
branes, bold lines denote chiral spectrum and the scalar
Higgs. Arrows directions indicate fundamental (antifun�
damental) representations of U(N) gauge group.

U(2)b

O(1)u O(1)d

Fig. 3. The correcting intersections of the E2�instantons
and D6b�brane: dotted lines indicate their chiral intersec�
tions with the D6b�brane.

Fermionic brane
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Right brane

h

yij

Fi fj

Fig. 1. Yukawa coupling between two fermions of opposite
chirality and a Higgs boson.
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gets the non perturbative stringy correction to the low
energy effective theory,

 (9)

where the exponential factors are the remaining
charged classical parts of the  instanton

actions absoring the above U(1)b charges excess

through the charged fermionic zero modes λb,  and
the high suppressing mass scale Ms taken as a lower
string scale at which neutrino masses have origin. This
induces the missing desired matrix entries,

 (10)

At this stage, we need to determine the semi realistic
Yukawa texture among the three possible up and down
complementary textures. For that, we can refer to the
known quark masses. Indeed, by imposing the heavy
top quark t to be realized perturbatively and the light
up quark u to be realized non perturbatively, we can
end with the last Yukawa texture,

 (11)

In this texture, the top t, charm c, and down d quarks
are realized perturbatively while the quarks strange s,
bottom b and up u are realized non perturbatively,

 (12)

The exponential suppressions  ≤ 1 depend on
the internal geometry of the model. In particular they
depend on the volume of the three�cycles wrapped by
the D2�branes to make the stringy correction effects
with the leading one comes from instantons having
minimal volume [12–14]. According to their values
and to quark mass scales,

 

(13)

ζYuk' e
Su

cl–
ynj

u Qnuj
ch=

+ e
Sd s,

cl–
ymj

d Qm' dj
ch† e

S
vi

cl–
Ms

1– y
vi

Lih( )
2
,+

E2u d vi, ,

λb,

y 0 0 3, ,( ) j '
u

, y 1 2 0, ,( ) j
d

[ ],    n( 3  m, 1 2, ),= =

y 0 2 0, ,( ) j '
u

, y 1 0 3, ,( ) j
d

[ ],    n( 2  m, 1 3, ),= =

y 1 0 0, ,( ) j '
u

, y 0 2 3, ,( ) j
d

[ ],    n( 1  m, 2 3, ).= =

y 0 2 3, ,( ) j '
u

, y 1 0 0, ,( ) j
d

[ ],    n( 2 3  m, , 1 ),= =

y 1 0 0, ,( ) j '
u

, y 0 2 3, ,( ) j
d

[ ],    n( 1  m, 2 3, ).= =

ζYuk ytQ3' th ycQ2' ch ydQ1dh†+ +=

+ e
Sb

cl–
ybQ3' bh† e

Su
cl–
yuQ1uh e

Ss
cl–
ysQ2' sh†+ +

+ yij
e Liej

ch† e
S
vi

cl–
Ms

1– y
vi

Lih( )
2
.+

e
Sf u s b vi, , ,=

cl–

mt yt h〈 〉  ~ h〈 〉  ~ 102
 GeV,=

mc yc h〈 〉  ~ 1 GeV,    md yd h〈 〉  ~ 10
2–
 GeV,= =

ms e
Ss

cl–
ys h〈 〉  ~ 10 1–

 GeV,=

mb e
Sb

cl–
yb h〈 〉  ~ 1 GeV,=

We can now approach the strengths of the Yukawa
coupling constants and the string scale upper bound
such as,

 (14)

We end up finally with the follwoing quiver containing
the chiral spectrum, the gauge symmetry and the
stringy corrections.

mu e
Su

cl–
yu h〈 〉  ~ 10 2–

 GeV,=

Ms ≤ 1014
 GeV.

yt � 1,    yc � 10 2–
,    yd � 10 4–

, 

ys ≥ 10 3–
,    yb ≥ 10 2–

,    yu ≥ 10 4–
,

Ms ≤ 1014
 GeV.

U(3)a U(1)c

L

h

uc

dc

Q

Q'

ec

U(2)b

O(1)u O(1)d

Fig. 4. The minimal stringy SM quiver. 

Table 2. The stringy intanton corrections with their suitable
U(1)a, b, c charges

E2�Modes Eu Ed, s     

Ca 0 0 0

Cb 2 –2 4

Cc 0 0 0

Y 0 0 0

λb
u

( ) λb
d

( ) E
vi

λb

vi
( )

λb
u

O 1( )
vi

λb

vi

λb
d
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3. CONCLUSIONS

In this work, we have investigated the Yukawa sec�
tor of the SM structure within a stringy framework. In
particular, we have considered the Yukawa couplings
in a minimal D�brane model consisting of three inter�
secting stacks of D�branes in general orientifolded
geometries and illustrated the corresponding Yukawa
sector. In the emerging effective field theory with the
exact SM spectrum, some quark couplings arised with
a complementary texture zero matrices structure at the
perturbative level while the others are missing by the
fact that they violate the survival globale U(1) symme�
try. This, has led to consideration of stringy correc�
tions arising from E2�branes to induce the absent
Yukawa terms for quarks and leptons. Compared to
perturbative allowed ones, these induced Yukawa
terms are exponentially suppressed by the stringy
instanton effects, reflecting thereby a hierarchical fer�
mionic structure. Among the three possible realized
Yukawa textures, we have ended with the texture where
the top quark t arise perturbatively and the up quark u
arise non perturbatively and then bounded the
strengths of the corresponding coupling constants and
the involved string scale according to the known fer�
mion mass scales.
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