PHYSICAL REVIEW D, VOLUME 65, 105011

Brane world supersymmetry breaking

Alexey Anisimov! Michael Dine! Michael Graessérand Scott Thom&s’
santa Cruz Institute for Particle Physics, Santa Cruz, California 95064
2physics Department, Stanford University, Stanford, California 94305
3Institute for Theoretical Physics, University of California, Santa Barbara, California 93106
(Received 3 December 2001; published 8 May 2002

In brane world models of nature, supersymmetry breaking is often isolated on a distant brane in a higher
dimensional space. The form of the iar potential in generic string and M-theory brane world backgrounds
is shown to give rise to tree-level nonuniversal squark and slepton masses. This results from the exchange of
bulk supergravity fields and warping of the internal geometry. This is contrary to the notion that bulk locality
gives rise to a sequestered no-scale form of thielétgpotential with vanishing tree-level masses and solves the
supersymmetric flavor problem. As a result, a radiatively generated anomaly mediated superpartner spectrum is
not a generic outcome of these theories.
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[. INTRODUCTION these examples as arising from exchange of bulk supergrav-
ity fields. Additional corrections to the tree-level masses

In many pictures of the origin of supersymmetry break-arise from warping of the higher dimensional compact space.
ing, gravity and nonrenormalizable operators play a crucialVithout additional assumptions about flavor, the nonuniver-
role. In some, higher dimensional space-times play an imporsal scalar mass matrices are not necessarily aligned with the
tant role. The only framework in which such questions can afiuark and lepton mass matrices, and dangerous sflavor vio-
present be consistently addressed is string or M theory. T&tion can occur. So physically separating the visible and
actually show that string or M theory predicts low energyhidden sector branes within a higher dimensional space alone
supersymmetry, much less a particular form for the pattern ofs Not enough to give a predictii@nomaly mediatedspec-
soft breaking, is beyond present capabilities. However, giveffum and solve the supersymmetric flavor problem.
the assumption of an approximate low energy supersymme- 1he rest of this paper is organized as follows. After re-
try, one can survey supersymmetric states of string or MWiewing BWSB in Sec. II, general macroscopic consider-
theory and look for generic features. ations based on extended supersymmetry are employed in

Among the proposed mediation mechanismS, one that Caﬁec. 11l to determine the Ieading form of the lilar potential
be studied along these lines is brane world supersymmetrj) @ number of BWSB backgrounds, including typefeory,
breaking(BWSB). The defining feature of this picture is that type 1B theory, and heterotic M theory. With hidden sector
visible sector fields are localized on a brane while supersymmatter field auxiliary component supersymmetry breaking
metry breaking is isolated in hidden sector matter field auxthese Kaler potentials give rise to nonuniversal tree-level
iliary components on a physically separated hidden sectoycalar masses which are of the same order as the four-
brane, all within a compact higher dimensional space. Such @imensional gravitino mass. We then determine the micro-
structure is a plausible outcome of string or M theory. OneSCopic origin of these apparently nonlocal brane-brane inter-
might expect that bulk locality would have striking conse- actions; they arise from the exchange of bulk fields. We note
quences for such ground states, and indeed it has been & Sec. IV that there are further corrections to the lowest
gued that the Kaler potential takes a particular no-scale ororder form of the Kaler potential and therefore soft scalar
sequestered form which would lead to vanishing tree-levemasses in both types of theory. These can be thought of as
scalar masses. Under this assumption, the leading contrib@'ising from warping of the internal bulk geometry by the
tions to scalar masses have been argued to be due to anom&f@ne. In the Horava-Witten theory these are not likely to be
mediation, yielding a solution to the supersymmetric flavorParticularly small. We also speculate on special circum-
problem[1,2]. stances under which the no-scale form of thenléa poten-

In this paper we determine the four-dimensionahka tial and vanishing tree-level scalar masses may arise, but
potential that couples the visible and hidden sector branes iargue that these are not likely to be generic. More examples
a number of BWSB backgrounds. In all the cases we ca®f BWSB backgroundsincluding microscopic descriptions
analyze, the Kaler potential is not of the sequestered no-and leading corrections in various limitghe inclusion of
scale form. With supersymmetry breaking isolated in hidderfaugino masses, and a discussion of the closely related
sector matter field auxilliary components on the hidden sectneéchanism of gaugino mediatidB,4], are presented else-
tor brane, these Kder potentials generally give rise to tree- where[5].
level soft scalar masses for visible sector squark and slepton

fieldg._ The masses are of the order of t_he four-dimensional Il. THE BRANE WORLD PICTURE
gravitino mass and are generally not universal. The leading
brane-brane couplings contained within thehkea potential In order to illustrate the coupling between visible and hid-

that give rise to the tree-level masses can be understood iten sector branes it is convenient to work in the conformal or
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supergravity frame. The bosonic part of the four-dimensionailvhereQ; and;; are visible and hidden sector fields, respec-
supergravity action in this frame [9)] tively, and T; are moduli. In this case nonderivative cou-
plings between fields on the different branes vanish since
fQ@ikgT:O' The separable forr#) has been referred to as
sequestered and argued to arise in BWSB backgro[tids
. 5 This may seem plausible given that bulk locality might lead
+ot fiﬂ:iFj_+|F<1>| f one to expect some sort of decoupling of fields on the physi-
cally separated visible and hidden sector branes. Thdeka
+(WiFi+fiFgFi+3FeW+H.c) &y potential associated with the separable foi is of the
no-scale type. With canonical tree-level kinetic terms for the
visible and hidden sector fieldd,;;=3 trQi*Qi and fq
=3tr2iT2i , and only a single modulug the no-scale Kialer
potential[11] is

£ L1 i
L= 6R4_ fij(?,uq’ié’y‘Pj__ E(fié’lugoi_ HC)

wheref is the field dependent supergravity function that mul-

tiplies the four-dimensional Einstein terif, are chiral mul-

tiplet auxilliary components, and/ is the superpotential. Ex-

panding the supergravitiyfunction in a power series in the

fields, the Lagragiafil) contains the nonderivative couplings K=_13 |n[fmoo(T+TT)—trQiTQi —trEiTEi]. )
_ * *

LOTijaFiF ek (@ A nonvanishing auxiliary component for either a hidden sec-

With th i ishi i tor field in or modulusF; does not give rise to visible
Ith these couplings, nonvanishing auxiliiary Components"sector scalar masses. In the Einstein frame, this seems to be

Fi#0, give rise to soft scalar Masses. S0 in the supergr_aw%e result of a miraculous cancellation, depending on the
frame the couplings that determine the soft masses reside I

! . : . ogarithmic form and the prefactor 3. In the supergravity
th_e su_pergravny" function. The supergravity function and frame, however, it is a result of the separable form of fthe
Einstein frame Khler potential are related by

function. Since a separable sequestered f@fnfor the su-
pergravityf function is equivalent to the no-scale llar po-
tential (5), it has been referred to as a no-scale sequestered
ahler potential in the context of brane world models.

With a no-scale sequesteredier potential(5) the lead-
Ging contributions to scalar and gaugino masses arise from
M-theory brane world backgrounds it is assumed that Supe'gnqmaloug effectgnonanomalous one- and two-loop contri-

butions with bulk scalar exchanges have been argued to be

symmetry is broken only in the locally supersymmetric limit . ) . i
by gaugino condensation in the hidden se¢&r This can highly suppresseﬁl]): The one I_oop_ gaugino and two Ioop
.scalar anomaly mediated contributions to masses are given

induce nonvanishing auxiliary expectation values for moduli
and/or dilaton fieldsFTiaﬁO and/orFs# 0. Since the moduli

and dilaton fieldsT; and S generally reside throughout the g2

bulk of the compact internal space in brane world models, my= —boﬁmw,
direct couplingg2) to visible sector brane matter fiel@ of
the formfQigj—rkﬁand/oeriaj—sgcan then give rise to visible

K=-3In(—f/3). (3

So in the four-dimensional Einstein frame the couplings tha{<
determine the soft masses reside in thénléa potential.
In most phenomenological discussions of string- an

2 \2

. . . ~, 1
se_ctor_ soft _masse[§’,8]. Here, we are mter_ested in the situ- mézzcobo(%z |m3,2|2 (6)
ation in which supersymmetry is broken in the globally su-

persymmetric limit by hidden sector matter field auxiliary ) .
expectation valuess #0 isolated on the hidden sector whereb, andc, are the leading beta function and anomalous

brane. The underlying origin of these hidden sector superc-jImenSIOn coefficients, respectiveffor vanishing Yukawa

symmetry breaking auxiliary expectation values is not im-couPlingd, andm, is the gravitino mass. These contribu-
y y King a Yy exp - tions were first noticed if12], but were fully appreciated in
portant to the discussion of the form of the visible sector SOf&he work of [1,2]. Further theoretical insight into the

masses given below, but they may be assumed to arise frorghomaly has been provided by the work[aB,14. These

;Ogrﬁézmg:ﬁikrg?g:nczggg; r%%l:j%?i t:‘regirlgtgﬁnspuegtel“:;t;/?;'r\gigzauthors provided a thorough unde_rstanding of the nature of

breakin.g in BWSB from hidden sector matter fiellls, the the anomaly, and also gave certain condﬂmns under which

nonvanis’hing auxiliary expectation values are not in direcfN® One- and wo-loop formulas) are applicable. .
There are, however, several questions which one might

phys!cal C.OT“""C; V;’r']th tfhe V'ds.'ble septorl fielQs .I_The T'Crf' raise about the sequestered argument about the separability
scopic orgin ot the four-dimensiona couplind®, gz, 57 _ of the supergravityf function applied to BWSB. Even with
that give rise to soft masses is then more subtle as describgge separable fornt4) the fields on the visible and hidden

be|0W[10]_- _ ) ) sector branes are coupled through current-current interac-
A special class of supergravifyfunctions is the separable tjons coming from the third term in the Lagrangiéh. So
form bulk locality cannot forbid brane-brane interactions in the

. low energy four-dimensional theory which appear nonlocal
f(Ti,QiZ) = fus(Q) + frid(Zi) = fmod Ti+ Ti) (4 from the microscopic point of view. This is not surprising
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since there is no sense in which the branes are far apart in the K=—Inde(T;+T—trQ,Q—trs, 31
low energy four-dimensional theory. From the microscopic . J )
point of view these brane-brane couplings must arise from —In(S+Sh), (7)

exchange of bulk fields between the branes.

To explore these questions both the bulk fields and thavhere the two traces are ovEg and Eg gauge groups, re-
couplings of these fields to brane fields need to be specifiegpectively, and the dependence on fhe moduli is sup-
The only available framework in which to address this isPressed. Note that this result is explicitly invariant under the
string or M theory. We will see that the specific form of the SU(3)XU(1)r subgroup of the SU4) R-symmetry as ex-
brane-brane couplings depend on what fields are present Rected for the low energy action at the level of two deriva-
the bulk and how these couple to brane fields. In additiontiVes- The supergravitffunction associated with the Kiéer

with a codimension 1 bulk as in heterotic Horava-WittenPOtential(?) is
theory, the brane-brane couplings induced by exchange of fo + -t
bulk fields might be expected to grow, or at least remain =—3[(S+S )de(Tij’LTii
constant with brane separation. With higher codimension, oA AT s w13
brane-brane couplings would be expected to be suppressed trQ'Qi_ trEIEj)] ' ®)

by the mterngl geometn(? vplume_ Indeed, we will show N The Kahler potential(7) is not of the no-scale sequestered
the ne>_<t section _t_hat this IS the case. However, the fourform and thef function (8) is clearly not separable. This is
dimensional gravitino mass is also suppressed by the samg e even ignoring the dilaton. So we see that in this highly
power of the _mternal_ volume. Soft masses ansmg from Suc@ymmetric brane world model the sequestered intuition
brane-brane interactions are then not necessarily suppressgfbaks down even without the inclusion of corrections which
with respect to the gravitino mass. would generically be present in more realistic models.
The breakdown of the sequestered intuition for the sepa-
) rability of the supergravity function can be seen directly in
ll. LOWEST ORDER STRUCTURE OF THE KA HLER this example by first considering the ten-dimensional effec-
POTENTIAL tive action which results at length scales long compared with
o _ , _ the SY/Z, interval. This limit is relevant if thel® is much
_Anatural arena for realizing BWSB in a string theory iS |grger than thesl/Z, interval. The ten-dimensional action at
with D-branes. Another is with end of the world branes suchine |evel of two derivative terms involves terms that are qua-
as arise in Horava-Witten theory obtained by an orbifoldgratic and quartic in the fields. Most of these terms do not
projection of M theory. In this section we consider BWSB couple fields on the different branes. But there are Chern-
backgrounds with 16 supersymmetries. While obviously noimons squared terms that do couple gauge fields in the two
as realistic as phenomenological models, these examples &g gauge groups. In the underlying theory these gauge fields
instructive as they illustrate that the sequestered intuition foreside on different branes and give rise to visible and hidden
the separability of the supergravifyfunction breaks down sector fields in the toroidally compactified theory. The exis-
even in highly supersymmetric situations, and thus cannot btence of these terms is in fact crucial in the derivation of the
robust. In addition, in more realistic models with only four four-dimensional Khler potential, as explained ihl7].
supersymmetries which are obtained by projections of theserom an 11-dimensional perspective, these brane-brane inter-
models, the form of the lowest order tree-leveliker poten-  actions arise because the brane Chern-Simons terms act as a
tial for the states that survive the projection is inherited fromsource for the bulk three-form potentigl8]. The resulting
the Kanler potential of the underlying theory with extended constant bulk four-form field strength generates the Chern-
supersymmetry. Additional corrections that arise in back-Simons squared couplings between the branes. So even
grounds with fewer than 16 supersymmetries are discussgfiough the branes are physically separated, the visible and
in the next section. hidden sector fields are coupled through the exchange of a
Consider, first, the Horava-Witten compactification of M bulk field. This coupling and its flavor dependence may also
theory on anS'/Z, interval [15]. This theory has twdEg be understood as arising from the exchange of bulk gauge
gauge multiplets which reside on end of the world branedosons in a five-dimensional limit which is appropriate if the
that bound the interval. These end of the world branes may°® is smaller than th&'/Z, interval [5].
be identified with the visible and hidden sectors. Compacti- In the presence of hidden sector supersymmetry breaking
fication of this theory o gives a four-dimensional theory by hi(_d_den sector matter field auxilliary expectation values,
with 16 supersymmetries which completely fixes the form ofthe Kéhler potential(7) gives visible sector tree-level mass
the Kéanler potential. Since the form is independent of thesquared eigenvalues of
coupling it is identical to the weakly coupled heterotic string 5 )
theory result. In four-dimensional=1 notation the com- mg, = M3p(1,1,-2). 9)
plex moduli include chiral fieldsT;; and T;; where i,]
=1,2,3 are thel® complex coordinates, the dilatd® and These masses are of order of the gravitino mass and are
the visible and hidden sector brane chiral matter arising fronmonuniversa[19]. Without additional assumptions about fla-
compactification of the gauge multiplets denoted@yand  vor, the squark and slepton mass eigenstates associated with
3., respectively. In terms of the$&6], these eigenvalues need not be aligned with quark and lepton
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eigenstates. This would generally lead to dangerous super- In sum, already at the leading level, the no-scale seques-
symmetric contributions to low energy flavor violating pro- tered form of the Khler potential does not hold in BWSB
cesses. The breakdown of the sequestered intuition impliggackgrounds where one can calculate. At the microscopic
that BWSB does not in itself provide a solution to the superdevel the brane-brane interactions which lead to the tree-level
symmetric flavor problem. The soft masses which arise irfcalar masses may be understood, at least in some descrip-
S'/Z, M-theory backgrounds have also been considered preions, as arising from exchange of bulk fields. One might
viously in the context of moduli and dilaton supersymmetryimagine that the arguments leading to the sequestered no-
breaking[7,20]. scale form of the Khler potential might then hold in a theory

A D-brane realization of BWSB which does not have aWith a very minimal set of bulk fields. With a flat interior it
codimension 1 bulk may be illustrated by considering firsthas been suggested that this occurs for a pure five-
type | string theory with gauge group $&2) compactified dimensional supergravity with end of the world bran2g].
on T®. This theory preserves 16 supersymmetries and therddecause of inheritance from the underlying theory, this in
fore also has a Kaler potential of the forn(7). Consider a fact may be the case at lowest order for a hypothetical
T-duality transformation on all th&® directions. The result- M-theory background which had a pure five-dimensional
ing type 11B theory ha$inc|uding |mage532 D3-branes and limit with end of world brane$5]. However, as discussed in
16 O3-orientifold planes. Separating the D3-branes into twdhe next section, a finite brane tension leads to warping of the
groups provides a model of the visible and hidden sectofternal geometry which gives additional contributions to
branes. In the type | description this corresponds to turnindree-level scalar masses. Given that in the would-be five-
on Wilson lines. The Kaler potential(7) is invariant under dimensional model there is no modulus on which the brane
this T duality since it is a symmetry of the four-dimensional tension could depend, and therefore be parametrically small,
theory; it is unaffected by Wilson lines and is not of the it would be surprising, again, to find a sequestered no-scale
no-scale sequestered form. Kahler potential in the full theory unless the brane tensions

The origin of the brane-brane interactions in this examplehappened to vanish for some reason.
may be understood by considering the simpler case of type |
theory onS?. In this theory, there are, as in the heterotic case, IV. BEYOND THE LEADING ORDER
Chern-Simons squared terms. These terms remain as Wilson ) )
lines are turned on. Now consider tliedual type | descrip- The BWSB backgrounds of the previous section preserve
tion. In this theory there aréncluding images32 D8-branes 16 supersymmetries for which the form of thetter poten-
and two O8 orientifold planes. A Wilson line in the type | tial is determined completely by supersymmetry. In theories

description corresponds to motions of the D8-branes in th&ith less supersymmetry, the leading form of the tree-level
type I' description. In the low energy four-dimensional Kahler potential is often inherited from the form dictated by

theory resulting from further compactification d, fields ~ the extended supersymmetry of some underlying theory.

that reside on separated groups of D8-branes therefore halPWever, with less supersymmetry the fer potential is
brane-brane interactions corresponding to the Chern-Simorft Protected, and corrections to the leading tree-level results
squared couplings of the type | description. Microscopically,Shomd be expected. There are at least two situations where
these can be understood in the typedéscription as arising such corrections have _been analyzed: configurations of
from the exchange of the bulk Ramond two-form potential inPranes in type Il theory with eight supersymmet{i2s], and

a manner analogous to the bulk exchange in the Horavdiorava-Witten theory compactified on Calabi-Yau spaces
Witten model[5]. The type IIB model above is obtained with four supersymmetrig4]. We review these and discuss

from the type | model onSt by T duality on the remaining their impIication_s he_re. Thel corrections may be understood
TS directions. The original type | theory is also dual to the S due to the distortiotwarping of bulk background fields
Horava-Witten theory by type I—heterotic duality in the @nd geometry by brane sources. This warping leads to modi-
strongly coupled limit. So all the BWSB backgrounds of this fications of the Kaler potential, which need not be univer-
section are related by dualities. The Her potentials for ~S&l much less of the no-scale sequestered form.

somewhat similar type | backgrounds with only four super- Consider, first, a type Il D-brane configuration with a

symmetries have been considered previously in the contex@oUrce hidden sectorD-brane and a probe visible sector
of dilaton and moduli supersymmetry breakifig. Dp-brane[23]. The metric line element and dilaton back-

In the type 11B model the brane-brane interaction termsgrounds of the sourcefij-brane at distances large compared
are suppressed by the internal volufi. Since the four- O the string scale are
dimensional gravitino mass is also suppressed by the internal

. R _ - 2 2
volume, hidden sector supersymmetry breaking then trans- ds”="f(r)"Ydxf+f(r)YdxC ,
lates into squark and slepton masses of order of the gravitino
mass. It is not surprising that such volume-suppressed terms e 2b=f(r)(P'~372 (10)

are present, and that they violate naive notions of locality. At
the level of the brane-brane interaction amplitude, these ing .,
teractions arise in the open-string channel from the quantum
one-loop amplitude of massive strings which stretch between
the branes. The volume dependence may be understood as
arising from the sum over open-string winding mod2%].

’

a'\T7P
f(l’)=1+gs T) . (11)

105011-4



BRANE WORLD SUPERSYMMETRY BREAKING PHYSICAL REVIEW D65 105011

On the visible sector probe @pbrane world volume, these order 1/3), and these corrections are likely to be substantial
background bulk fields yield possible corrections to the po{26]. Thus, warping of space leads to large, nonuniversal
tential and visible sector kinetic terms. Evaluating thecorrections to the tree-level scalar masses.
Dp-brane Dirac-Born-Infeld action in these background It is worth noting that these remarks regarding nonuniver-
fields sality are also relevant to another proposal for understanding
degeneracy of squarks and sleptons: dilaton dominated su-
_ persymmetry breaking. In the heterotic string at weak cou-
Sp= _Tpf dP*ixe ¢Vde(h/w+ Fun), 12) pling, it has long been known that if the dilaton F term is the
principal source of supersymmetry breaking, squark and

whereh,,, is the induced metric, yields slepton masses are universal at tree |1¢2&|. Indeed, this is
the only proposal that realizes, in a fundamental theory, what
S,= _Tpf(r)(P’*3)/4f(r)*(|0+1)/4 has traditionally been called gravity mediation. The scenario,

if realized, is quite predictive. The question has always been:
Given that one does not expect the string coupling to be
weak, how large are the corrections to this picture likely to
be? An optimistic assumption based on the weakly coupled
with indices now raised and lowered using the Minkowksipicture has been that these corrections would be of order
metric. Forp=p’, the D-branes preserve 16 supersymme-@cut/m. This would provide just enough degeneracy to
tries. In this case from Eq(13) it is apparent that the avoid dangerous sflavor violatig@8]. The analysis above of
Dp-brane world volume kinetic terms receive no correctionsthe strongly coupled Horava-Witten limit suggests, however,
The Kzhler metric is flat and the Kaer potential is exact as that the corrections could, in practice, be much larger for the
required with 16 supersymmetrigdhe correction to the po- actual value off/S.
tential term in Eq.(13) is canceled by the exchange of the
Ramond-Ramond p-form antisymmetric tensor field for
=p’'.) For p=p’'—4, the configuration preserves eight su-
persymmetries. In this case, the dilaton contribution cancels There are many string- and M-theory backgrounds which
the gravitational contribution to the potential, but there is acan provide models for BWSB, and in which the tHer
correction to the P-brane world volume kinetic terms. The potential can be calculated in a systematic fashion. None of
flat inherited Kéler metric for an isolated p-brane, which  the examples presented here, nor ones with similar proper-
alone would preserve 16 supersymmetries, is modified by thges, yield Kaler potentials of the no-scale sequestered form.
background fields generated by thg'Bbrane. The inherited Nonuniversal tree-level squark and slepton masses generally
Kahler potential is therefore modified by brane-brane inter-arise with BWSB from hidden sector matter field auxilliary
actions in the configuration with only eight supersymmetriescomponents. In each case, it is possible to understand the
This modification is due to the distortion of space caused bynicroscopic origin of the brane-brane interactions which
the source brane at the position of the probe. This effeclead to these masses in the presence of hidden sector super-
appears to be general. symmetry breaking. It is not surprising that the sequestered
Additional corrections to the Kaer potential could arise intuition generally breaks down since in the low energy four-
in backgrounds which preserve only four supersymmetriesdimensional theory there is no sense in which the visible and
such as the Horava-Witten theory, compactified on a Calabiridden sector branes are separated.
Yau spacg24]. Here we will content ourselves with a brief  The effects discussed here can generally be understood as
summary of the main results, leaving the details[®k In  arising from exchange of bulk supergravity fields. This might
this theory, as explained if25], classical solutions for the |ead one to speculate that perhaps the sequestered form
bulk fields may be obtained by systematically expanding inwould hold in a theory with a minimal number of bulk fields.
powers ofe=T/S. To zeroth order, the solution is a direct In particular, one could conceive of a background which re-
product of the metric of the Calabi-Yau space, with gaugeduces to pure five-dimensional supergravity with eight super-
fields, say, equal to the spin connection on one of the wallssymmetries in a five-dimensional bulk, broken to four di-
and a flat 11th dimension. At next order, the space is dismensions by end of world branes. If the fifth dimension is
torted by the presence of nonzero tension of the walls, and ilat and there is only a single overall volume modulyghe
a general fibration of a Calabi-Yau space over the M-theonno-scale sequestered form is in fact obtained at the classical
interval. It is important that the shape of the Calabi-Yaulevel [22]. It is argued to occur also in a five-dimensional
space is modified along the interval in general. This distortheory with a pure AdS bulk29]. This form might also be
tion of the metric leads to modifications of the'lidar poten-  obtained more generally in BWSB models with background
tial. In particular, the kinetic terms for fields localized on the fluxes which stabilize all moduli but a single overall volume
walls receive corrections that depend on the distortion of thenodulus[30]. The discussion of the previous section, how-
Calabi-Yau space. Because the zero mode wave functions @ver, suggests that in any such situation the branes will gen-
the Calabi-Yau manifold are not uniform, and in the absencerally warp the internal geometry. This in turn will indu€e
of a flavor symmetry, the corrections to the zero mode ki-dependence in the kinetic terms and couplings of the fields
netic terms are not in any sense universal. In the picturen the brane and tree-level masses will result. It is difficult to
suggested by25], the parametee is not terribly small(of  test these ideas, at least in the case of pure five-dimensional

X 2F

1 1
1T+E(N)| 59, X 94X+ SF  F# |+ | (13)
2~

V. CONCLUSIONS
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