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We discuss the building of Standard-like models from comfitjans of stacks of orientifold
planes and D-branes on an internal space with the strug@eener modeF=3" x 7231 /z,
forn=1,2 3. In particular we concentrate in the, interestimg; 2 case, which would correspond
to orbifolds of aK3 six dimensional manifold times a two dimensional torus.

Such constructions are performed in two steps. In a first, stepconsideD = 6 Type Il B
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levels. We build up the explicit expressions for B-type baany states and crosscaps and obtain
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1. Introduction

The quest of the Standard Model like vacua, from open striteyacting conformal field the-
ories, received considerable attention in last years. tgogar, much progress has been achieved
in the context of orientifolds of Type Il string compactified Gepner models [1, 2, 3, 4, 5, 6, 7]
Gepner models [8] are special points of Calabi Yau manifaistring scale, that allow for a de-
scription in terms of an exactly solvable rational CFT. lPnelary works in heterotic string theories
and Type Il orientifolds on Gepner points were presented (9,

The rules for computing spectra and the tadpole cancellaguations have been derived
for generic situations. Nevertheless, even if concise atiter simple generic expressions can be
obtained, the computation of spectra for specific modelsbemmome rather cumbersome due to
the, generically, huge number of open string states ingdbl@nly solving the tadpole consistency
equations can represent a difficult task even for a fast ctenpliherefore a systematics is needed
in order to be able to extract any useful information. In #8sse a remarkable computing search
for models with Sandard like model spectra was performedjrby restricting the scan to four
stacks of SM branes, by following the ideas advanced in [A1hé context of intersecting brane
models [13] on toroidal like manifolds. In fact, thousandsSi/ like models were found. It
is worth mentioning that even the simplest of these modejgires to introduce a huge number
of projections and to solve several tadpole equations. In &g a hybrid Type IIB orientifold
construction was proposed where the internal sector isgpifrom a Gepner sector times a torus.
By choosing a torus invariant under some of the kn@yrphase symmetries of Gepner models, an
orbifold by such symmetries was then performed. Thus, selieally, inD = 4+ 2n the internal
sector is given byGepner modeFn=9-3" x T2"/z\ (wherecyy is the internal central charge).
The orbifold action is simultaneously embedded as a twisCban Paton factors on the open
string sector resulting in a breaking of the startihdimensional Gepner orientifold gauge groups.
In particular, such constructions lead.ts = 1 D = 4 chiral models. Further elaboration on this
idea was advanced in Ref. [7].

Hybrid Gepner-torus models have some interesting featukasmportant, practical, obser-
vation [6] is that the number of Gepner models (see [10])lireah, 3 inD = 8 or 16 inD = 6,
is remarkably lower than the 168 modelsDn= 4 (without including moddings) and so it is the
number of internal states. Also, many features can be stdialytically without the need of com-
puters. From the phenomenological point of view, the pdyilof having large extra dimensions,
in the torus directions, could be an appealing feature atigvior some control over the string
scale.

In this talk we discuss this hybrid models proposal, mairdgdal on the work of Ref. [7],
where the internal sector is built up frdih= 6 Gepner models times a two torus. From expressions
for B-type boundary states and crosscaps we read the tadaiodellation equations and the rules
for reading the spectra. An explicit example (the 6620 modeatieveloped in detail. We further
compactify on ar'? torus by simultaneously orbifolding the Gepner and thesdnternal sectors
and by embedding the orbifold action on the brane sectorail@dtrules for obtaining th® =4
model spectra and tadpole equations are shown. We conclitil@millustration of how to obtain
a 3 generations Left-Right symmetric model (which can béhkirbroken into a MSSM model)
from aZ, orbifold of the,D = 6, 6620 diagonal Gepner model times a torus.
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2. Typell orientifolds, crosscaps and boundary states

Essentially, an orientifold model is obtained by dividingt the orientation reversal symmetry
of Type Il string theory (see for instance [15, 3]). Schewdly, Type IIB torus partition function
is defined as

27 (1,7) = %xa(rwa%(f) (2.1)

where the characteng, (1) = Tr wad- 2, with g = €™, span a representation of the modular
group of the torus generated By 7 — —% andT: T — 1+ 1 transformations.77; is the Hilbert
space of a conformal field theory with central chacge 15, generated from a conformal primary
stateq, (similarly for the right moving algebra). In particul;x@(—%) = Sia X« (T) and modular
invariance requires #'S™1 = 4" (for left -right symmetric theories# 2 = _#"3). Generically,
the characters can be split into a spacetime piece, cotitgpwith gt = Cst = %D and an internal
sector WithGing = Cint = 3(10— D).

Let Q be the reversing order (orientifolding) operator permutilght and left movers. Mod-
ding by order reversal symmetry is then implemented by thioing the projection operatér(lJr
Q) into the torus partition function. The resulting vacuum #itage reads

o@pQ(Lﬂ:%l'(T?ﬂ"’_ffK(T_ﬂ' (2.2)

The first term is just the symmetrization (or anti-symmettiizn in case states anticommute) of left
and right sector contributions indicating that two staté#fexng in a left-right ordering must be
counted only once. The second term is the Klein bottle doution and takes into account states
that are exactly the same in both sectors. In such case, ératop? ™-oe~27Lo when acting on
the same states, becoms&@ikLo with T — T = 2itx and thus

Z(t) = 5 3 H Nal2i6), (2.3)

where|.# 3| = .48, The Klein bottle amplitude in the#ansverse channé$ obtained by perform-
ing anS modular transformation such that

Fuil) = 55 OKalil) (2.4)

with | = 2t—1K and
(07?2 = 2° S (2.5)

This notation for the closed channel coefficients highkghie fact that the Klein bottle transverse
channel represents a closed string propagating betweenrtgscaps (orientifold planes) states.
Namely, a quantum stat€), describing the crosscap can be found such that the KB ardplitan
be expressed as

Z(il) = 5(Clg2™[C). (2.6)

NI =

with Hg = Lo — |:0— 132
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Indeed, crosscap states can be formally expanded in terfabib&shi states [16] such that
IC) = O4l@))c (2.7)

with
c((bla?™ a))c = Bapx*(@) (2.8)
andg=e?™,

When integrated over the tube length, such amplitude Idads)assless states, to tadpole like
divergences. In particular, for RR massless states, suigiolies must be cancelled for the theory
to be consistent. Notice that, for such field, represents the charge of the orientifold plane
(crosscap) under them and, therefore, inclusion of an opémy ssector with D-branes carrying
—0O4 RR charge provides a way for having a consistent theory [1fF] met vanishing charge.

Therefore, we introduce stacks of boundary stédeqreferred to as “brane-’)

= 3 D3fa))e (2.9)

such that the amplitude, describing propagation of strivegaeen "intersecting" stacksand
B can be written as

Zo.alil) = (Bla"|a) = § DIDRX" (1)=3CBax"(t/2 (2.10)

where in the last step we have perform&modular transformation to direct channel.
Here

Cha= Y DiD3Sw (2.11)
a

is the multiplicity of open string states containedyin Namely, it counts open string sector states
of the form
|Pa; B, 01) (2.12)

where®, is a world sheet conformal field aral, B label the type of “branes" where the string
endpoints must be attached tﬁa are positive integers (actualtya =0,1,2 [3]) generated
when the trace over open statelz51 [3 o) is computed.

The full cylinder partition function is obtained when sunmgiiover all possible stacks of,
branes, namely

=Y D221 (2.13)

with D? = ¥, ngD.
In a similar manner, strings propagating between branesoanifold planes give rise to
Mdbius strip amplitude

Za(il) = 2D0.82(1 + %) (2.14)

By modular transforming to direct channel we obtain muitigiks of open string states be-
tween a brane and its orientifold image

Oa(Na DY )Poa = #a = MiNg (2.15)
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where we have used the fact that characters in the directrangverse channels of the Mdbius
strip are related by the transformation [E8]ity +% — 4ti—M +% generated from the modular trans-
formationsS andT asP = TST?S.

For indicesa representing massless RR fieldg is the D-brane RR charge. Therefore zero
net RR charge requires the

tadpole cancellation equations.

3. Orientifoldsof D = 6 Gepner models

In Gepner models [8], iD space time dimensions, the internal sector is given by atens
product ofr copies ofN = 2 superconformal minimal models with levéds j = 1,...,r and central
charge

o 3K
I ki+2 ’

ki=12,.. (3.1)

such that internal central chargg: = 3j_; cij”t =12-3(D-2)/2.

Unitary representations ™ = 2 minimal models are encoded in primary fields labelled by
three integersl,m;s) such that =0,1,....k; | + m+s= 0 mod 2. These fields belong to the NS
or R sector wheth+mis even or odd respectively The primary field informationte tomplete
theory can be conveniently collected in the vectbrand u [7]. Thus, the indexa in the previous
section amounts here far= (A, ) in Gepner's case. Spacetime supersymmetry and modular
invariance are implemented by keeping in the spectrum dates for which the totdl (1) charge
is an odd integer.

In six dimensiongi,; = 6 and 16 different possible Gepner models exist, which aecated
to K3 surfaces [10, 19]i.&k=(1,1,1,1,1,1), k=(2,2,2,2), k= (0,2 6,6), etc.

Notice that, in some casels= 0 blocks have been added. Even if such terms are irrelevant
in a closed string theory (for instance the central chargeames invariant), they have been shown
to have a non trivial (K-theory) effect when open string sec included. In fact, an even (odd)
number of internal minimal blocks is required (see for ins&[4, 14]) inD = 6 (D = 4) for
consistency. Actually, for the sake of simplicity we willrgider the case where the internal sector
is a tensor product af = 6 conformal blocks. This will allow us to simultaneously saer cases
with 3, 4, 5, and 6 conformal blocks such é&?(2), (2)%, 1* or (1)® by adding, if necessary,
conformal blocks with levek = 0.

The Klein bottle amplitude is determined from that of theutoup to signs representing differ-
ent ways of “dressing” the world-sheet pari®dy[6, 2]). We denote the dressed orientifold operator
asQR ;-

From the Klein bottle amplitude in the transverse channetareread the expression for the
crosscap state up to signs that can be fixed from the Mobipsastiplitude. The result is that the
crosscap state is given by

IFor explicit expressions for modular matridg@s andS: see [6, 2].
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5-1 1 1

o375, 3 (e eanea 2

Vo=0vj,v1=0¢j=0

WiAL/2 2mVOZk— 4 4)
( 1)2 ] 0/ 5/\/ 2+2V0+2V1+22 V]+22(L)J 6/\/ 2V0+2V1

. Preiki (a+4) 4 (45
I_L<G(l,‘7nfj,§j) J 5nfj,12vo+(1-sj+wj)(kj+2)5g 2 0+2vj+2(1-sj)(_l)£ A 1))l
)= \/ .0

The normalization is chosen so that the overlap of the capsaath itself yields the transverse
Klein amplitude 2.6. Here

A:Hi_ilkaiiif w:igm (3.3)

with H =lem{k +2}, K =lcm(4,2k;+4) andA, w denote the “dressings".
In order to cancel tadpole-like divergences, boundargstatust be introduced. We consider
the B-type RS-boundary states [20]

N.ﬂ’

Z Bb )P eimh B3 (3.4)

where "b" in the summatory indicates tmt=b mod(k;j+2). In fact, due to supersymmetry and
field identifications these B-type boundary states only ddpmL = (L1,...,L;) with Lj <k;/2,
M=HY K+2 andS= 3y S. However, whenever a labk| reaches; /2, extra copies of the gauge
field may appear propagating on the brane world-volume. ildhse, it is necessary to resolve
the branes into elementary branes such that only a singgeg@ld is propagating on the world-
volume. The details depend on the valuesSjfcounting the number dfsuch that; = ki /2. It
can be shown [4] that whe§| is an odd integer the elementary branes are given by

Geie)s = —=|a)e (3.5)
2 7

Instead, if|S| is even there is an extiZ-valued labely taking valuest so that the elementary
boundary states are now labelledlbyM, S, /. The original boundary states can be written in terms
of the elementary ones as

@)s = 5 {la+)s+ |a—Je) 36)

wherea stands for all labels different fromp. The two boundary statéa+)g contain new states
from the twistedc,c) RR sector. Explicit expressions for such states are givén|in

The massless fields in the 6D spacetime theory are the veetdr(8,0)(0,0,0)® and the
hypermultiplets(0,0) 7;(l;,1j,0) with ¥ ; k > = 1. They are contained in the cylinder and Mdbius
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amplitude which we present next. The bosonic and masslessfihae cylinder amplitude between
two D-branedL,M) and|L’,M’) is generally given by

1113 N 52 ) 37
2NsNS’)%151 Z 0 I:l L Zifi:”%x“ '

s & = |

whereN'Ll.L2 are theSU(2) fusion coefficients ( [21, 22]) and

| 2872 if |S| even
2lIS-1/2 if || odd

eliminates any extra counting when some of the D-braneshan. sSBesides, we have defined an
extra labelky = Ag+ /A1 mod 4 (see Appendix A) taking the value2Gvhenever the fields are in
the scalar and vector representations, respectively (faten six dimensional spacetinsg= 0,2
also for the spinor representations, so this definitiogtfrmakes sense when we restrict ourselves
to bosonic representations). When the amplitude betweestart-orbit branef, ) and|L’, ¢/')
such thatS= S and|S| € 2Z7 is considered, an additional projection must be taken intmant,
due to they labels, leading to

leiki—lil | 5(2) ) A
2‘S| Z Z (uNL“LJ > 5Ziessi:%(1*ww,)5ziEi:1+%xu (3.8)

AUEL....&=
On the other hand, the massless states in the bosonic Mdbjuamplitude are given by

1 2)
- _1)Pa 5
2Ns l!:l( T D

wherepj = 2 +1+ &+ 5 w;.
In particular, we see the vectay(= 2) has the sign

(=1)2e 337 o (my—2L+¢j(k+2)) (_1)8 Nl\_st jlf(ﬁ (3.9)
]

1 Lo
NS( 1)2(»,( 1)2(01 J£1 z_ I:l £k£| |—| wJEJ e,LJ 6 1528172001 (3.10)

A plus (minus) sign indicates a symplectic (orthogonal)ggagroup while a zero leads to a
unitary gauge group. In a similar manner, the gauge grougseptations in which matter states
transform, can be identified (an example is given in nexti@ekt

The tadpole cancellation conditions can be easily read tfmrexpressions for the crosscap
(3.2) and boundary states (3.4). They take the general faup (X, u) — 8Tady(A, 1) = 0. For
the massless field®,0)(0,0,0)® and(0,0) M;(j,1;,0) the NS-NS tadpoles of the orientifold plane
read

1
Tabb(A, e = 5 > <|‘|(_1)fkfl>( )V°z€‘5s(o/)21+ze,+zw,( 1)2@i(%/2) (_1)Ai(1-8)
0=0¢1,....6=0 \ k<
r

1 2 (2kj+4) my
(sm [Q(ljafjkj)} qﬁ(lfsj)k,-,o5mj7§v0+(1_ej+wj)(kj+z)(—1)5’ 2. (3.11)
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Also, collecting all terms from the boundary states andrtfdgy , .,, images, we obtain, for
their massless tadpoles

N

Tacb(A, ) = Z E_COS["Z

—1 'S

(Ma .
K +2

|'|5|n iL§) (3.12)

These expressions are valid up to common phases. We havesatswonalized the tadpole
equations by introducing the factbig so that the Chan-Paton factdxs truly represent the multi-
plicity of elementary D-branes.

3.1 (6)%(2)(0°) model

We exemplify the construction presented in the preceedaugian for the specific Gepner
model (6)?(2)(0%). We will later consider this example to discuss model baggdin four dimen-
sions.

The gauge groups and massless spectrum is obtained fronfE8)sand (3.9). For instance,
we see that branie;g = 331 @ is short, With]S[ = 6. Thus, for the vectors§ = 2), a non vanishing
contribution in (3.8) implies’Sgii;(liw,)éé g0 7 0, namelyy = Y. Moreover, for such choice
of &'swe see that (3.9) vanishezs thus leading to the unitary grioug similar way, for the scalars
(so = 0) the states propagating between a boundary state andetgifmd image are selected,
Y = —¢/. Mobius amplitude (3.9) is non vanishing in this case andlpces a minus sign thus
leading to antisymmetric representations.

The tadpole equations (3.11,3.12) for this set of braneadsrea

Ny + 2N3 + Ng + N5+ 2Ng + N7+ 2Ng + Ng + 2N19+ N1 +3N12 = 16 (313)
N1 + 2No + 2N3 + 2N4 + N5 + 3Ng + 2Ng + 2Ng + 2N1g+ 2N11+ 4N = 24

States propagating between branes can be easily compatad3t7) and (3.8). Two tensor
multiplets are found in the internal sector (see for instaf#}). It can be checked that all gauge
and gravitational anomalies cancel.

At this point it may be instructive and useful for our subsaafucalculations to illustrate this
in a detailed example containing onfly1,L,L 10) states.

The tadpole equations for the reduced set of D-branes lead to

Nig = 8—Ng=N; (3.14)
The gauge group ISE(Nz1) x SPNg) x U (N1p) with matter hypermultiplets in

(L1 + @ LHI+7AH Y + (LD (3.15)
+ (N1,Ns, 1) + (N, 1,Ni0) + (N1, 1,N1o) + 3[(1,Ns, N1o) + (1, Ng, N10)]
It is easy to check that this spectrum (plus a closed sectaianong two tensor multiplets

and nineteen hypermultiplets) leads to vanishing of gaugkgravitational anomalies if tadpole
equations (3.14) are satisfied.
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4. Orbifolding (Gepner modef=° x T2

Orbifolds of Gepner models are also easily implemented énléimguage of boundary and
crosscap states. The internal sector describe@gypner modeF:6 x T2 has a discrete symmetry
acting on fields in the following way

. i MY
9:Z—&™Z g —eREDL i=1.. .1 (4.1)
whereZ = X4+ iX® denotes the complex coordinate A and (v; y) are labels for the gen-
eratorg’e G. For a torus with symmetrgy we haveNve Z. The labelsv; y) are conveniently
encoded in terms of a simple current vector

i =(0,v;2%,...,2%;0,...,0). 4.2)

which satisfies By e j € Z or in components

\ W B

As itis well known, twisted sectors must be included in ortdeznsure the modular invariance
of the torus partition function. As a consequence, new tkdpare expected to appear, in the
transverse channel, due to RR fields propagating in thedwistctors. Thus, the boundary states
required to cancel the tadpoles include the RR fields in th&tda sector of the theory.

Interestingly enough, it is possible to rewrite the pramtty simple currents in such a way
that its relation to the usual orbifolds of toroidal mani#felis much more evident. To see this we
recall that open string states formally read

D, )AL (4.4)

whereAX encodes the gauge group representation into which thedatansforms. For instance,
if the statedy corresponds to gauge bosoAS$,represents gauge gro@generators.

Let us assume that such Chan-Paton factors have been detdralieady and that we further
act on string states with a generatbiof a Zy symmetry group. Such action which manifests as

a phasexezn1 k+2 on world sheet fieldp, should, in principle, be accompanied by corresponding
representation of group action such that

R o N jum o
B|®i, A = yir O, i) yiiAj = €82 (y A y) | i, )
Therefore, invariance under such action requires
eZmZ;—szfl)\ky:)\k (4.5)

By following the same steps as in Ref. [23], we can repreggrifhan-Paton twist in terms of
Cartan generators as= €™ H whereV is a “shift" eigenvalues vector of the generic form

V:%(ONO,lNl,...,(N—l)NNfl) (4.6)

2Which generically will be a product of unitary, orthogonabssymplectic groups.
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(ensuringyN = 1) and Cartan generators are represented b 23 submatrices.
On this basis, projection equation (4.5) reduces to thelsicgndition

ym V&g

V=214 " 4.7
PV =177 + = (4.7)
wherepy is the weight vector associated to the correspondifigepresentation.

Recall that in the orientifold theory we must introduce atwary state and its image under
Q.

Tadpole conditions can be generalized for orbifolded f/bmbdelsT? x Gepnerin the fol-
lowing way [6]

D}, (Tr Woax+/FTr yD’ng) + 0O} cosmxv=0 (4.8)

D} (T + Vb2 ) =0 (4.9)

for all stategA, ) such thaixﬁ Lo IS Massless.

HereO{‘, is the orientifold charge we have in six dimensions for theestA, u) while the
factor f = 4sir? rxv is a non-trivial contribution from the fixed points in the cplex torus E in
the NN sector. The labels N and D are used to distinguish ltviebranes with Neumann and
Dirichlet boundary conditions in the tords.

5. AMSSM example

As an illustration of the general technigues discussedat@/concentrate here orZzg mod-
ding of the[(6)%(2)(0)]>® x T2 modef. Let us notice that inspection of allowed internal states
indicates that only 3 massless chirl=€ m;,s = 0) states, namely those su@i, my, mz,ms) =
(3,3,1,0), (5,1,1,0), (1,5,1,0), do propagate between brabg, (with aU (N;0) gauge group liv-
ing on its worldvolume) and.g (with an Sp(Ng) gauge group). Therefore, an internal modding
of the formI = (0,0,1,0) acting on the Gepner model will allow such states to remaithé
spectrum and, by appropriately embedding it as a tyA&ty® on the D-brane sector, the origi-
nalU (Nio) x SHNs) gauge group could be broken into a Standard-like model wighrgrations.
Moreover, in order to havey” = 1 supersymmetry in four dimensions, we must accompany this
modding with aZ, modding onT?, namelyvs = 1/2, so as to satisfy Eq.(4.3). Thus, our starting
point is

I':(O,O,l,O)(%)@ya (5.1)

Note that the actual internal modding (see (4.1)) i$k; + 2) so it represents 2, action.

As we stressed in the previous section, performizg anodding on the torus will require the
introduction of a new set of branes having Dirichlet bougdasnditions on the open string ends
living on T2. We quote them with an indeR while introducing an inde to label the original
branes with Neumann conditions on the third complex coateid. We will refer to them a®z
andNz branes respectively. Besides the untwisted tadpole emsa8.13, several new equations
must now be solved (see [7] due to the twisting, accordingt¢48,4.9).

3we will write the internal sector in terms of four theoriesahat follows.

10
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As mentionedL 19 andLg constitute the basic branes which, after splitting undedadnoy
action, will give rise to our model. It is interesting to rerkdhat, both boundary states can be
placed on the same NN sector, or eithgp in NN sector and_g in the DD sector (or viceversa)
or both in the DD sector. The basic features, discussed b&ldibe independent of the sector
choice. However phenomenological details will be difféyanainly due to the extra branes that
must be added to satisfy RR tadpole cancellation.

We choose two (minimalN;o = Ng = 4 stacks ofLg andL 1o branes to start with & (4) x
Sp4) gauge group. The moddirgin ( 5.1) is embedded as twisgs and y10, on each respective
stack, as

1
% — Vo= 73(02) (52)
1
VlO - VlO = Z(l7 17 17 3) (53)
For the vectofr.u = 0 and therefore from (4.7) we find

U(4) — SU(3) x U (1)? (5.4)
SH4) — SU(2) x SU(2)

whereSp2) = SU(2). Thus, a LR symmetric-like model group is obtained.

Moreover, the correct LR spectrum with 3 massless genasi®found. Namely, massless
chiral states propagating in betwekem, — L (these ar¢0;3310;0, (0;15100, (0;5110;0)
satisfyl" 4 = 7 and therefore we find the spectrum representations Blde) x SU(2), x SU(2)r x
Qp_L to be

3(321); +(312) 1+ (1,1,2)1+(1,2.1) 4] (5.5)

where the subindex indicates the charge eigenvalue of

QL= %Qs-i-Q (5.6)

Qs being the generator of thé(1) in U (3) andQ the othelU (1) generator in (5.5).

Actually, it is possible to establish a correspondence waitlintersecting brane model picture
in toroidal manifolds (see for instance [11]). Namely, unttee action ofy;o and y5, boundary
stateslL 19 and L g intersecting at a six dimensional manifold, split into fatacks of boundary
states as

L10[U(4)] — LU @)+ LU (1)) (5.7)
Le[SH4) — LE[SH2)]+LgSp2)] (5.8)

where we have indicated in brackets the gauge group livinth@corresponding brane. Thus,
boundary statea"i‘o,Lclio,L‘g,Lg do match with the basic branesb,c,d arising in intersecting
brane models on toroidal constructions [11, 24].

Thus, drawing boundary states as lines and interpretingpticities as intersection numbers
we are lead to a graphic representation as the one givert isidefof Figure 1.
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(3*,1,2)

Lo
M'l'l) (1.2,2)

d
L10 a

b
10 Lg

Figure 1: By separating_g“* — Lg+Lg away from the orientifold point breaking from LR to MSSM
with 3 righthanded neutrini is achieved

Besides states propagating between different branes weammnsider states along the same
type of branes. They lead to vector like matter.

Interestingly enough, massless stgi#320), (0420 and (2220 do propagate ih s — L Sec-
tor. They satisfyr.u = % and thus, together witfil) (0000, descending from the six dimensional
vector, lead to AL, 2, 2), candidates to LR Higgses.

Branesc and its imagecx are placed here on top of each other and on top of an oriatifol
point (leading toSQ2)). Since such branes are parallel in the torus, followingilamsteps as
discussed [12], we can think into separating them away fr@notientifold point in the torus. Thus,
SU(2)r — U(1)c whereU (1) charges are given GBI eigenvalues. Therfore, by introducing the
weak hypercharg¥ = —T3 + %QB_L we find that the original LR symmetric model breaks down
to SU(3) x SU(2). x U (1)y MSSM with three chiral generations

3[(37 2, l) + (?: 1)7% + (?_’7 1)

+(1,1): + (1, 2)7% +(1,1)0] (5.9)

1
6

1 1
3 2

including three right handed neutrini. Moreover, LR chitateq 1, 2, 2)o decompose int¢1,2) _;/,+
(1,2)1/, with the correct MSSM Higgs charges. It can be checked that;anomalous, hyper-
charge remains massless in the model under considerafio [Fictorial representation is pre-
sented in Figure 1.

Besides these basic boundary states leading to the MSSéliseuadditional stacks of branes
must be added in order to satisfy tadpole cancellation engatDifferent choices are possible and
each of them will give rise to particular phenomenologieattires. A simple explicit example can
be found Ref. [7].

Some general remarks about Yukawa couplings can be advarkeed general observation
notice that a Yukawa coupling will have the form

Yiji PhPL Dy (5.10)

where®,y, is the chiral superfield insertion connecting boundagiesdb andi, j,k refers to inter-
nal CFT labels. Such a term should be a singlet of the gaugggnod invariant unddr modding.

Moreover, it must be allowed by the fusion rules of the in&kronformal field theory [25, 21].
Namely,Y;j O (ijk) O AF

12
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For instance, couplings like
[(5110)](3,2,1)3f; x [(3310)](3,1,2)} 5((2220](1,2,2)8° (5.11)

(where we have indicated the internal charges in brackets)an vanishing and lead to degenerate
masses for two quark generations. Fusion rules forbid reassehe first quark generation. A
similar result is obtained for lepton masses since the sateenal states are involved for leptonic
Yuakawa couplings. The general pattern is very similar filnaber of Higgses is different) to the
one found in Ref. [26] in the context of branes at singulesiti

Actually, (see i.e. [26], the full picture of mass structulEcomes more complicated due, for
instance, to the presence of Yukawa couplings of quarksaeuiibred triplets present at other inter-
sections. Notice also that, from the 9 candidates to begré&sd as Higgs particles coming from
Ls — Lg sector, only those with CFT quantum numbé&2220 are allowed in Yukawa couplings.
For all of them, on the other hand, mass term like couplingsaflowed. Thus, we can imagine a
scenario where some of tfi& 2, 2) multiplets become very massive.

In the example discussed above the basic brangscontaining strong group, ands, where
SU(2)L x SU(2)r lives, were placed in the same NN sector. However, othemsebewhich might
be useful future phenomenological applications, are alssiple. For instance, consistent models
where part of the spectrum containing t86(2), x SU(2)r gauge theory is placed on the branes
in the DD sector can be built.

An interesting feature of the hybrid construction is thatdoing of the string scale [27] could
be achieved by considering large extra dimensions ifth®rus, transverse to the whole config-
uration of intersecting boundary states.

Indeed, in the present examples of the tgpepnerx T2/Zy, boundary states would corre-
spond to branes wrapping cycles iégpand stuck at & /Zy singularity. Thus, if we denote by
the volume of the Gepner piece, which should be of the ord#veoftring scal¥/, 0 1/MZ, and by
V5, that of two dimensional manifold. Then we expect the Planekes after dimensional reduction
to four dimensions, to be

2
Mpianck = XMg A (5.12)

where A is the string coupling. Therefore the string scidg can be lowered by choosing the
volumeV, (V, = %) sufficiently large. Recall that the models constructecetare fully
supersymmetric and t?1ough lowering the scale could be phenologically attractive in some
cases it is not as compelling as in non supersymmetric models

Presumably, having these large extra dimension could adwwhe introduction of dilute
fluxes in a supergravity limit of some of these hybrid condian [28].
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