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Abstract

We describe recent work on constructing four-dimensionaigimodels with moduli stabilized by field strength fluxes and
chiral gauge sectors close to the Standard Model from D-brane configurations. We discuss how the interplay of both ingredients
relates to phenomenological issues, in particular the appearance of soft terms on the D-brane gauge sector induce from non-
supersymmetric flux backgroundo cite thisarticle: A.M. Uranga, C. R. Physique 5 (2004).
0 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumeé

Modéles de D-branes et brisure de supersymétrie par flutNous décrivons des travaux rétede constructions de modéles
de cordes a 4 dimensions ayaessdnodules stabilisés par dasd]| ainsi que des secteurs chix de jauge proches du modeéle
standard, réalisés a partir de configurations de D-branes. Nous expliquons comment les liens entre les différents ingrédients
relient des aspects phénoménologiques, en particulier 'appadédermes doux dans le secteur de jauge des D-branes a partir
de champs de fonds non-supersymétriques avecPu. citer cet article: A.M. Uranga, C. R. Physique 5 (2004).
0 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.
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1. Introduction

The general question of understanding the dynamics of D-branes in string theory backgrounds with NSNS/RR field strength
fluxes is an exciting new avenue to obtain novel results in diverse applications in string theory. One example is provided by the
gauge/string correspondence, where fluxes are responsible for the holographic description of confinement and other non-trivial
strong dynamics in gauge theories (e.g. [1,2]). Another context, described in this talk, is in four-dimensional compactifications of
string theory with fluxes and D-branes. In particular, we emphasize application to phenomenological model building, although
some results are of more general interest.

Our purpose is to put together two recent advances in string compactification:

e The construction of D-brane configurations with non-abelian gauge symmetries and charged chiral fermions on their
world-volume (leading to spectra potentially close to the (MS)SM).
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e Compactification with field strength fluxes, which lead tavniateresting features, like oduli stabilization, warped
geometries and supersymmetry breaking.

The general question we would like to address is the computation of the effects of (supersymmetric or non-supersymmetric)
fluxes on the gauge theory on the D-brane world-volume.

2. The D-brane configurations

There has been intense recent work on model building with Dasrdeading a large set of explicit string compactifications
with semirealistic spectrum, see later for one particular example. More important than these particular constructions is the
general lesson of the pattern in which string theory may reproduce the structure of the Standard Model.

The gauge factors of the Standard Model are associated to different stacks of D3ieamting to a typical product structure
of the form[ ], U (N,). Insisting on supersymmetry of such D-brane stacks (to guarantee their stability in the simplest fashion),
they may correspond to A- or B-type branes in Calabi—Yau compactifications [3]. The former correspond to stacks of D6-branes
wrapped on special lagrangian 3-cycles (leading to the picture usually known as intersecting brane worlds), while the latter
correspond to D-branes wrapped on holomorphic cycles andiegtnplomorphic gauge bundles (or for more mathematically
purist readers, coherent sheaves).

Given these ingredients, the theory generically reproduces a chiral spectrum, given by a set of chiral fermions in bi-
fundamental representations of the diffiet gauge factors, and which arise witheplicated multiplicity. For A-type D-branes
the multiplicity of chiral fermions charged under two gauge dastis given by the interséon number of the corresponding
3-cycles. While for B-type branes it is given by the index of the Dirac operator coupled to the (‘difference’ of the) correspond-
ing gauge bundles. It is remarkable thasthbiructure is nicely suitable to descrile three families of chiral fermions of the
Standard Model. Again, explicit models realizing this idea have been constructed.

Of course, these constructions based on D-brane are not more fundamental than other constructions in string theory, like
M-theory onG > holonomy manifolds, or heterotic compactifications on Calabi—Yau threefolds. Rather, all such models are dual
(in fact, the A- and B-type models mentioned above are related by mirror symmetry), and represent different descriptions of the
same underlying structure in different regimes or corners in moduli space.

However, one particular advantage of D-brane models is the locality of the gauge sector. Namely, the D-branes are sensitive
only to the local background around them. Our purpose is to use models of D-branes to learn more about four-dimensional
compactifications of string theory with potential phenomenological interest.

For concreteness we center on type IIB string theory compactified on orientifolds of Calabi—Yau threefolds (or more gen-
erally on compactification of F-theory on Calabi—Yau fourfolds). This implies the gauge sector should be localized on B-type
branes. There are two very tractable classes of brane configurations of this kind, which have been employed in model building

e Magnetised D-branes, namely D-branes wrapped on products of two-tori in toroidal compactifications, carrying constant
world-volume magnetic fields. Introduced in [4], these models have been recently studied in [5-7], in particular in connection
with their T-dual (mirror) version as intersecting brane worlds. See also the contribution by D. Lust in these proceedings.

e D-branes at singularities, which can bgaeded as D-branes wrapped on the halgphic cycles collapsed at the singular
point.2 The basic examples are provided bg-Branes at orbifold sgularities, studied usindpé techniques in [9].

For concreteness, we center on the latter, although analogous constructions and results have been obtained for the former.
This set of models is rich enough to be interesting in model building, and in particular explicit semirealistic models have been
constructed using configurations of D3- and D7-branes at B84 3 orbifold singularities [10] (se also [11]). In addition,
this choice is particularly sime, since the physics of D-branes at orbifoldgilarities is to a large extent inherited from the
physics of D-branes in flat space, upon imposing the orbifold projection. Moreover, the intermediate results obtained in the flat
space situation may be of interest in other applications, where chirality is not essential, for instance the discussion in Section 4.3.

To have a concrete model in mind, Fig. 1 describes the quiver for the gauge theory on a set of D3/D7-brZpeslafad
singularity, as described in [18]Each node represents a gauge factor, while each arrow represents a chiral fermion in the
bi-fundamental representation of the gauge factors associated to nodes at the arrow endpoints. Outer/inner nodes correspond to
D7/D3 branes (or vice-versa, depending on the construction).

1 More properly, the hypercharge is given by a linear combination ofit{ factors in the product structure.

2A proper geometric interpretation howeveguéres extrapolating the fraotal D-branes from the orbifd point in Kahler moduli space
to the large volume regime, see [8] for an example.

3 The precise model under discussion is in fact an improved figation, which was described in [12] in the mirror version.
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Fig. 1. Quiver diagram for a gauge sector close to the M$&Mdlized on the world-volume of D3/D7-brane systems.

3. Introducing flux backgrounds

Much recent activity in string compactification has centered on the introduction of field strength fluxes in the internal space.
In the setup of type IIB compactifications on Calabi—Yau threefolds, relevant to our purposes, the introduction of NSNS/RR
3-form field strength fluxes, denotdds, F3 in what follows, has been described in e.g. [13-16]. The main features of the
resulting models are:

e The appearance of a scalar potential leading to stabilization of the ditatord the complex structure moduli. This
potential can be derived from the superpotential [17]

W= / G3 AL, (1)
Xe
wheres2 is the CY3 holomorphic 3-form, and;3 = F3 — t H3, with t the IIB complex coupling. This potential is minimized
for imaginary selfdual (ISD) flux densitygG3 = iG3, unless the configuration includes further contributions to the scalar
potential.

e Regarding supersymmetry of the configuration [18]= 1 supersymmetry is preservedGf; is a primitive (2, 1)-form
(for generic CY space the primitivity condition is automatically satisfied).®©08) fluxes, supersymmetry is broken but the
flux is still ISD hence compactification to 4d Minkowski space satisfies the equations of motion. Finally, configurations with
imaginary anti-selfdual (IASD) fluxes leads to a runaway potential upon compactification to 4d Minkowski space.

e The fluxes backreact on the spacetime geometry, deformittga warped, conformally Calabi—Yau, compactification.

The warp factor may be roughly homogeneous, for roughly homogeneous flux density distributions, or lead to strongly warped
throats as in [2,16].

e The compactifications naturally include D3- and D7-branes (or athgy) seven-branes). As discussed above, these ob-
jects provide a natural setup for building interesting gauge sectors. In particular, explicit models of chiral gauge sectors localized
on D-branes in flux compactifications have been carried outrgidal orbifold models [19,20] (see also the recent [21]), with
homogeneous flux distributions, and in [22] in strongly warped throats.

A particularly interesting class of models is obtained by considering a supersymmetric set of D-branes embedded in flux
compactifications. Our purpose in this talk is to compute the effect of fluxes on such D-brane sectors. Concretely, the fluxes
induce diverse new terms in the action for the D-brane world-volume theory, which correspond to supersymmetry breaking soft
terms induced by non-supersymmetric flux components, and superpotential terms induced by supersymmetric flux components.
For simplicity we refer to all of these as soft terms (sinceresuperpotential terms can be regarded as softly breaking the
extended supersymmetry on D-branes in (locally) flat space).

4. Supersymmetry breaking soft terms

The computation of these soft terms has been carried out in [23—-25] for D3-branes, and in [26] (see also [27]) for D3/D7-
brane systems. There are essentially two different approaches, that lead to equivalent results:

e Since D-branes are sensitive only to local background around them, we can consider D-brane world-volume action coupled
to the local supergravity background, and expand perturbatively on the fluxes.

e We can describe effect of fluxes in the 4d effective Lagrangian, which contains gauge sectors corresponding to the D-
branes. The computation of tleffects of fluxes on D-branes.

Let us briefly sketch the computations in the two approaches in turn.
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Fig. 2. D3-branes in the presence of ISD or IASD fluxes.

4.1. Thelocal analysis

Let us briefly discuss the first approach, in a qualitative fashion, directing the reader to the references for more details. We
start with the simpler configuration of a stackmoD3-brane in flat space. The world-volume gauge theory is & 4€4 U (n)
gauge theory. IV = 1 terms, it contains a vector multipl&t= (A, 1), and three adjoint chiral multiplets; = (®;, ¥;). In
the latter, the scalars are Goldstone bosons of the spontaneously broken translational symmetries in the transverse directions.
Hence vevs for these scalars correspond to the transverse coordinates of the D3-brane.

This also implies that the DB} CS action for world-volume fields describes the dynamics of the D3-brane. Conversely, de-
termining the dynamics of the D3-brane in the flux background will determine the action for the world-volume fields, including
the flux-induced soft terms.

One may work in a sort of expansion in the flux density. At lowest order we have the D3-brane in flat space without fluxes.
The D3-brane world-volume action i§ = 4 super-Yang—Mills (SYM). Equivalentlyy = 1 SYM coupled to three adjoint
chiral multiplets with a superpotentidil = tr @1 [P>®3].

Introducing the effect of fluxes induces soft terms for this theory. These effects depend strongly on the ISD/IASD properties
of the flux densityG3, as follows, see Fig. 2.

e An ISD flux has positive tension and RR 4-form charge. A D3-brane in its background experiences effects from gravita-
tional attraction and Coulomb-like repulsion. The cancellation implies that there are no soft terms generated in this situation.

e An IASD flux has positive tension and negative RR 4-form charge. Gravitational and Coulomb effects on D3-brane add
up, and D3-branes are attractedregion of maximum IASD flux density. The ndrivial potential for the D3-brane position
implies non-trivial soft terms.

Let us sketch the computation of the soft terms underlying ltloe@ qualitative picture. One stawith the D3-brane action,
whose bosonic Dirac—Bornafleld and Chern—Simons pieces are as fe#i$28]. The DBI part can be expressed:

SpBI = —13 / d*x Tr(e*q’\/ —det{(P[Eyy + Eum (Q~1 — 8)mE,, | + 0Fyy) detQ)), 2)
where P[M] denotes the pullback of the 10d backgrouvicbnto the D3-brane worldvolume, and

Eyn=Gun — Bun,

Q;znzarrzn‘f'iawm,(bp]Epn, (3)

o=2na.

The CS part is given by

Scs= /L3/TI’<P|:eiai¢i¢ (Z c 4 %Bz A C2> e‘B] e’ F), 4)
n

where i, C(,) denotes contraction of a leg of theform, transverse to the D3-brane, with the associated world-volume
scalar [28].
Itis important to recall the interpretation of worle#wume scalars as coordinates in transverse space, via

X" =2ma p™. (5)

The dependence of the above action on the D3-brane is thus transformed into a dependence on the world-volume scalars. By
expanding the supergravity background in powers"faround the D3-brane location, one obtains a set of higher-dimension
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operators in the world-volume scalars, deforming the origiat 4 super-Yang—Mills theory. A rather general ansatz for the
supergravity background around the branes is

ds? = 29 (x™) Y2, det dx? 4 Zp(™) Y2 ds?
T= r(xm)

G3= 5 Ginn (@™ e ™ e, (6)

xa = x (™) dxOdx? dx? dx,
Fg5 = dx4 + *10dx4.

Since we are in principle interested only in the most relevant terms, up to dimension three in the world-volume action, it is
enough to truncate the expansion of the supergravity background as follows

2171/2:1+%Kmnxmx”+---,

21/2:1*_...7

T=170+3 tmnx x" )
x4 = (const + §xmnx”‘x" +-4) dx® bt dx? dx3,

Gimn (") = Gryn + -+

Following [24], the quantitative resultgpon computation of the world-volumetan in a general flux background are, for
soft terms up to dimension three gives

. 2_8s - 2 - =+
Scalar masses: Trm® = —(Z G, [°—ReG;, Glmn)),

Scalar trilinears: —Glmnqb Lgmen, ®)

. 1 2
Fermion massea!: /

IN2)G,, wrimty,

We see that they all vanish for pure ISD flGg = 0. A particular example of IASD flux induced soft terms is provided by a
(3,0) G3 flux

1/2

g g
m? = ES\G123|2, Mé =2 Gip3 A= €k g Gp3 9)

NZ)
which correspond to the dilaton-dominated soft terms in susy phenomenology.

An important observation is that the conclusions are reversed if the gauge sector is localized on anti-D3-branes: Soft terms
arise for ISD flux, and vanish for IASD flux. This may belevant in some scenarios with anti-D3-brane [29].

One can perform a similar local analysis for D7-branes [26], which is nevertheless more involved since D7-branes wrap
4-cycles ¥4 in Xg, and the 4d physics depends strongly on the 4-cycle geometry. In particular, the local symmetry of the
configuration is only S@H x SO(2), far smaller that the S@) of D3-brane systems. It is thus convenient to decompose the
ISD and IASD pieces of;3 under S@4) x SO(2), as follows

ISD  10=(3, 1)1 + (1,3)_ + (2, 2.

_ (10)
IASD 10=G,1D-+(1,3)+ 4+ (2 2)p.
Let us denote by; andG’ the ISD pieces in th€3, 1)1 and (1, 3)_ representations, and t{y andG’ the IASD ones in the
3, D)_ and(1, 3)+.

A further subtlety for D7-bra@s is that in the presence of field strength éisithere are non-trivial consistency conditions
for brane wrapping, namely the cohomology class of the pullbaddz06n the 4-cycle should be trivial. In certain examples,
most notably the toroidal models to be considered below, this could lead to inconsistency of the configuration. The problems
are avoided if the components in tt& 2)g are absent, as we consider henceforth.

Finally, after determining the 8d world-volume action including the flux-induced terms, one needs to perform a Kaluza—Klein
reduction to 4d. This requires a detailed knowledge of the wrapped 4-cycle, hence our discussion below assumes a particularly
simple case, the four-torus. Partial results for other case are described in [26].
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Fig. 3. D7-branes in the presence of ISD flux whistSD or ASD when restricted to its world-volume.

For a D7-brane off4 x C, the 4d effective action, in the absence of fluxes is\a& 4 U (n) gauge theory, with the one
complex scalabz associated to the D7-brane position in transverse complex plane, and two, dénot@d associated to
Wilson line degrees of freedom. Skipping the detailed computation, the results for the soft terms are

Transverse position scalar masses

—i—;{ [(G? + (6?0303 +he + %(|c~;|2 + IG/\Z)q)?’q)é}. (11)
Scalar trilinears

’%{ (@1, 92)(G - 0) (j’;;) + (@1, 02)(G o) (2;) }q>3 +he (12)
Fermion masses

_eg_jé G, 3G - o) (;3) + @ ud)@G o) ((;’;)) + h.c.}. (13)

The results, and in particular the fact that oy and G appear in the soft terms, suggest a simple physical interpretation.
Consider splitting(g locally asx4 x R2, and the 3-fornG3 in Xg as 2-formwy on X, and a 1-form onk2. Roughly speaking,

we write G3 = wy A dzg, etc. Due to certain world-volume couplings on the D7-branes, a selfdual/anti-selfdual (SD4/ASD)
induces a lower-dimensional D3/anti-D3-brane on the world-volume. The appearance or not of soft terms can be understood as
the existence or not of interaction between the induced branes and the flux background.

Hence, centering on ISD 3-form fluxes, we may split them in pieces corresponding to S/AS8Dthe D7-brane world-
volume. In the former case, Fig. 3(a), we have an induced D3-brane on the D7-brane world-volume. The latter has no interaction
with the ISD flux. Hence the configuration leads to no soft terms. In the latter case, Fig. 3(b), we have and induced anti-D3-
brane on the D7-brane world-volume. The latter interacts non-trivially with the ISD flux. Hence there are non-trivial soft terms.
(Similar conclusions follow for an IASI; 3 with ASD/SDw».)

Besides the quantitative results, the main novelty of this configuration, as compared with the D3-brane case, is that there
are non-zero soft terms even with ISD fluxes. Since these fluxes can appear in global compact models, the latter are string
compactification with supersymmetry breaking and non-trivial soft terms, solving classical supergravity equations of motion. It
is important to emphasize that these are the first string models of this kind.

An additional interesting comment is that bundle moduli, namely Wilson line moduli, or moduli associated to instanton
backgrounds (for instance D3-D7 fields) do get soft masses. This is ultimately r&dtthe origin of these scalars as modes
of the 8d gauge bosons, for which mass terms are forbidden by 8d gauge invariance.

Once the results for D-branes in flat space are known, it is straightforward to perform an orbifold quotient and obtain the
soft terms for semirealistic models like that in Fig. 1. Thain features of these phenenological soft breaking are???

The soft term scalé/sqf is the local flux density. For roughly homogeneous compactifications this is giver/B? =
MSZ/MP. Hence one need to choos#, ~ 1011 GeV to obtain TeV soft terms. On the other hand, inhomogeneous configura-
tions, in particular with warped throats, may lead to a different pattern.

Embedding the MSSM group on D3-branes leads to interesting soft terms patterns. In particular, naturally universal squark
masses, relations between soft terms, like= A, etc. Concerning thg-term, it is allowed only for some orbifolds, but when
it exist, it is roughly of the size similar to other soft terms.
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Embedding the MSSM group on D7-branes leads to many features similar to above, with perhaps even better prospects [30].
However a full exploration requires further work, both from the formal viewpoint and from explicit constructions.

4.2. The 4d effective action approach

Let us conclude by mentioning that these results can be recovered from the second approach, namely from the 4d effective
Lagrangian. Consider the 4d effective action including the D3- and D7-gauge sectors, including only the dependence on the
overall Kahler modulus. This contains the gauge kinetic functions

fpa=—it; fpr=p

the Kéhler potential for the diverse geometric and brane moduli [31]

K =—log(S + §*) —3log(T +T%)

132

3 2
1 a|2 b_|2 2 2
+ et (T+T*)[(§l“p33’ )+ (l;yqbﬁ\ )+(|¢>37| + @73 )}, (14)

and the superpotential (1).

In this language, flux components copead to auxiliary fields of dilaton, Kahleand complex struare moduli chiral
multiplets. The breaking of supersymmetry by fluxes corresgorah spontaneous breaking afpersymmetry in the closed
string sector. For instance, tli& 0) and(0, 3) flux components correspond to vevs for diaxy fields of the dilaton and overall
Ké&hler moduli

FT:/G<3)*AQ, Fp:/G(g)AQ.

Introducing these relations in the supergravity expressions [32—34], results in a set of soft terms in full agreement with the above
sketched local analysis, see [26] for detalils.

4.3. An application in KKLT construction

Our above analysis for the effect of fluxes on D7-branes has an important spin-off regarding the KKLT proposal [29] to
stabilize Kahler moduli via non-perturbagi effects. These may arise as conttids to the superpotential, depending on
Kahler moduli, arising from strong infrared dynamics on the D7-brane world-volume gauge theory. In many compactifications,
however, matter fields charged under the gauge group might seem to render the gauge theories non-asymptotically free, thus
preventing the effect to take place.

Our analysis has shown that D7-brane vector-like world-volume fields generically acquire mass terms, even in ISD flux
compactification. This implies that the world-volume gauge theories on D7-branes tend to have less matter, and therefore
stronger infrared dynamics, than in standard compactificatidnss The effect of fluxes on D7-bras facilitateshe appearance
of non-perturbative superpotentials from these gauge sectors. This observation, already mentioned in [29], has been discussed
in [35,36,26].

5. Conclusions

Flux compactifications provide a canonical way to stabilizargé number of moduli in string compactifications. We have
reviewed the construction and its properties in the setup of type 11B compactifications pwi€¥3-form fluxes.

The models lead to interesting new effects, including warped geometries, and a tractable mechanism for supersymmetry
breaking. Nicely enough, it is possible to combine these techniques with previously studied D-brane model building. Chiral
models from D-branes at singularities anteisecting/magnetised D-branes, condal with fluxes, provide the best phenom-
enological constructions fronirgng theory. Both becausedf succeed in stabilizing large nter of moduli, and also because
they address important issues concerning the hierarchygmpldither via strongly warped throats, or via spontaneously bro-
ken supersymmetry. In the latter respect, we have discussepitieative features of flux-induced soft terms on semirealistic
configurations of D-branes.

We hope much progress in exploring these and other applications of flux compactifications to cosmological and particle
physics model building.



994 AM. Uranga/ C. R. Physique 5 (2004) 987-995

Acknowledgements

| thank my flux collaborators P.G. Camara, J.F.G. CascaleB, ®arcia del Moral, L.E. Ibafiez and F. Quevedo for very
enjoyable collaborations, and M. Gonzalez for encouragement and support. | thank the organizers of Strings 2004 for a very
pleasant and exciting meeting. This work has been suppdntehe project FPA2003-02877 frothe Spanish Government,
CICYT.

References

[1] J. Polchinski, M.J. Strassler, The String dual afanfining four-dimensional gauge theory, hep-th/0003136.

[2] I.R. Klebanov, M.J. Strassler, Supergravity and a confiningggatheory: duality cascades and chi SB resolution of naked singularities,
JHEP 0008 (2000) 052, hep-th/0007191.

[3] K. Becker, M. Becker, A. Strominger, Five-branes, membsaaed nonperturbative string thgo Nucl. Phys. B 456 (1995) 130, hep-
th/9507158;
H. Ooguri, Y. Oz, Z. Yin, D-branes on Calabi—-Yau spaaes their mirrors, Nucl. Phys. B 477 (1996) 407, hep-th/9606112.

[4] C. Bachas, A way to break supersymmetry, hep-th/9503030.

[5] C. Angelantonj, |. Antoniadis, E. Dudas, A. Sagnotti, Type | stringsmagnetized orbifolds and brane transmutation, Phys. Lett. B 489
(2000) 223, hep-th/0007090.

[6] R. Blumenhagen, L. Goerlich, B. Kors, D. Lust, Noncommutatieenpactifications of type | stigs on tori with magnetic background
flux, JHEP 0010 (2000) 006, hep-th/0007024.

[7] G. Aldazabal, S. Franco, L.E. Ibanez, R. Rabadan, A.M. Urahga,4 chiral string compactifications from intersecting branes, J. Math.
Phys. 42 (2001) 3103, hep-th/0011073;
G. Aldazabal, S. Franco, L.E. Ibanez, R. Rabadan, A.Mng&a Intersecting brane wdd, JHEP 0102 (2001) 047, hep-ph/0011132.

[8] D.-E. Diaconescu, J. Gomis, Framtial branes and boundary states in orbifitieories, JHEP 0010 (2000) 001, hep-th/9906242.

[9] M.R. Douglas, G.W. Moore, D-branes, quivers, and ALE instantons, hep-th/9603167;
M.R. Douglas, B.R. Greene, D.R. Morrison, Orbifold rkegmn by D-branes, Nucl. Phys. B 506 (1997) 84, hep-th/9704151.

[10] G. Aldazabal, L.E. Ibafiez, F. Quevedo, A.M. Uranga, D-branesngularities: a bottom up approath the string embedding of the
standard model, JHEP 0008 (2000) 002, hep-th/0005067.

[11] D. Berenstein, V. Jejjala, R.G€igh, The standard model on a D-branby® Rev. Lett. 88 (2002) 071602, hep-th/0105042;

L.F. Alday, G. Aldazabal, In quest of just the Standard MaeD-branes at a singularity, JHEP 0205 (2002) 022, hep-th/0203129.

[12] A.M. Uranga, Local models for intersireg brane worlds, JHEP 0212 (2002) 058, hep-th/0208014.

[13] A. Strominger, Superstringsith torsion, Nucl. Phys. B 274 (1986) 253;

J. Polchinski, A. Strominger, Nevacua for type Il string theory, Phys. Lett. B 388 (1996) 736, hep-th/9510227.

[14] K. Becker, M. Becker, M theory on eight manifolds, Nucl. Phys. B 477 (1996) 155, hep-th/9605053.

[15] K. Dasgupta, G. Rajesh, S. Sethi, M theonyentifolds and G-flux, JHEP 9908 (1999) 023, hep-th/9908088.

[16] S.B. Giddings, S. Kachru, J. Polchinski, Hierarchiesnfrluxes in string compactifications, Phys. Rev. D 66 (2002) 106006, hep-
th/0105097.

[17] S. Gukov, C. Vafa, E. Witten, CFT’s from Calabi—Yau four folds, Nucl. Phys. B 584 (2000) 69;

S. Gukov, C. Vafa, E. Witten, Erratum, Nucl. Phys. B 608 (2001) 477, hep-th/9906070.

[18] M. Grafia, J. Polchinski, Supersymime three form flux perturbations on AdSPhys. Rev. D 63 (2001) 026001, hep-th/0009211.

[19] R. Blumenhagen, D. Lust, T.R. Taylor, Moduli stabilizationchiral type |IB orientifold models with fluxes, Nucl. Phys. B 663 (2003)
319, hep-th/0303016.

[20] J.F.G. Cascales, A.M. Uranga, Chiral 4d string vacua Wittranes and NSNS and RR fluxes, JHEP 0305 (2003) 011, hep-th/0303024;
J.F.G. Cascales, A.M. Uranga, Chiral 4-D string vacua with D4¢sand moduli stabilization, in: Proceedings of the X Marcel Grossman
Meeting, Rio de Janeiro, July 2003, hep-th/0311250.

[21] F. Marchesano, G. Shiu, MSSM vacitam flux compactifications, hep-th/0408059;

F. Marchesano, G. Shiu, Building MSSM flux vacua, hep-th/0409132;
M. Cvetic, T. Liu, Three-family supersymmetric standard nisdéux compactification and moduli stabilization, hep-th/0409032.

[22] J.F.G. Cascales, M.P. Garcia del Moral, F. Quevedo, A.M. Uranga, Realistic D-brane models on warped throats: fluxes, hierarchies and
moduli stabilization, JEEP 0402 (2004) 031, hep-th/0312051.

[23] M. Graia, MSSM parameters from supergabackgrounds, Phys. Rev. D 67 (2003) 066006, hep-th/0209200.

[24] P.G. Camara, L.E. Ibafiez, A. Uranddux-induced SUSY-breaking soft tes, Nucl. Phys. B 689 (2004) 195, hep-th/0311241.

[25] M. Grana, T.W. Grimm, H. Jockers, J. Louis, Soft supersymmetepaking in Calabi-Yau orientifolds with D-branes and fluxes, Nucl.
Phys. B 690 (2004) 21, hep-th/0312232.

[26] P.G. Camara, L.E. Ibafiez, A. Uranddux-induced SUSY-breaking soft tas on D7—D3 brane systems, hep-th/0408036.

[27] D. Lust, S. Reffert, S. Stieberger, Fluxeluced soft supersymmetry breaking in chingbde 1lb orientifolds withD3/D7-branes, hep-
th/0406092.

[28] R.C. Myers, Dielectric braes, JHEP 9912 (1999) 022, hep-th/9910053.

[29] S. Kachru, R. Kallosh, A. Linde, S.P. Trivedi, De Sitt@cua in string theory, Phys. Rev. D 68 (2003) 046005, hep-th/0301240.

[30] L.E. Ibafiez, The fluxed MSSM, hep-ph/0408064.



AM. Uranga/ C. R. Physique 5 (2004) 987-995 995

[31] L.E. Ibafiez, C. Mufioz, S. Rigolin, Aspects of typerirsg phenomenology, Nucl.Hys. B 553 (1999) 43, hep-ph/9812397.

[32] L.E. Ibafiez, D. Lust, Duality anomaly cancellation, minimal strimgfication and the effective low-energy Lagrangian of 4-D strings,
Nucl. Phys. B 382 (1992) 305, hep-th/9202046.

[33] V.S. Kaplunovsky, J. Louis, el independent analysis of soft terms in effectiupesgravity and in string theory, Phys. Lett. B 306
(1993) 269, hep-th/9303040.

[34] A. Brignole, L.E. Ibafiez, C. Mufioz, Towards a theory of softrterfor the supersymmetric Sidard Model, Nucl. Phys. B 422 (1994)
125;
A. Brignole, L.E. Ibafiez, C. Mufioz, Eram, Nucl. Phys. B 436 (1995) 747, hep-ph/9308271.

[35] L. Gorlich, S. Kachru, P.K. Tripathy, S.Privedi, Gaugino condensatiomd nonperturbative superpoteigian flux compactifications,
hep-th/0407130.

[36] J.F.G. Cascales, A.M. Uranga, Branes onggatized calibrated submanifolds, hep-th/0407132.



