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Abstract. In braneworld models coming from string theory one gengraticounters massless
scalar degrees of freedom —moduli— parameterizing thewelof small compact extra-dimensions.
Here we discuss the effects of such moduli on Newton’s lavafairly general 5-D supersymmetric
braneworld scenario with a bulk scalar fieddWe show that the Newtonian potential describing the
gravitational interaction between two bodies localizedttom visible brane picks up a non-trivial
contribution at short distances that depends on the shajhe stiperpotential/(¢) of the theory.

In particular, we compute this contribution for dilatoni@heworld scenariod/(¢) O €*? (where

o is a constant) and discuss the particular case of 5-D Hatdvistheory.

Keywords: Extra-dimensions, branes, gravity
PACS: 04.50.-h, 04.50.Kd, 11.25.-w

INTRODUCTION

In theories where matter confines to a 4-D brane and gravitye®nly massless field
able to propagate along the extra dimensional volume, omerghy expects short
distance corrections to the usual 4-D Newtonian potenfiaé shape and distance at
which these corrections become relevant generally depanithe geometry and size
of the extra dimensional volume, thus allowing for distinetsignals dependent of
the particular content of the theory. For instance, in tinglstbrane Randall-Sundrum
scenario[1], where a 4-D brane of constant tengibk is immersed in an infinitely
large AdS volume, a zero mode gravitay,, localizes about the brane. This zero mode

is exponentially suppressed away from the brane with a waofofd e 2, wherez is
the distance from the brane along the fifth extra-dimensidimaction. The Newtonian
potential describing the gravitational interaction begwéwo bodies of masses; and
My in the brane, and separated by a distandg then found to be [1, 2, 3]
mymy 2
<1+ 3k2r2>’ (1)

whereGy is Newton’s constant. The correctiori3?r? springs out directly from the
way in which gravitons propagate in an AglSpacetime. If the tensiok is small
enough as compared to the Planck mdss= (87TGN)_1/2, then it would be possible to
distinguish this type of scenario from other extra-dimenal models in short distance
tests of gravity. Present tests [4, 5] give the robust caimdti/k < 11um.

It is therefore sensible to ask how other braneworld scesaray differ from the
Randall-Sundrum case at short distances, especiallyniitteé context of more realis-
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FIGURE 1. Inthe bulk there is a scalar fietdwith a bulk potential (¢). Additionally, the bulk space
is bounded by branes; and X, located at the orbifold fixed points. The branes are charaet: by
tensionsA; andA;, and may contain matter fieldid; andW; respectively.

tic models. In what follows we address this question for ayfageneral class of su-

persymmetric braneworld scenarios with a bulk scalar fieliere the geometry of the
extra-dimensional space differs from the usual AdS prdfile show that the Newtonian

potential for this type of models picks up a non-trivial @mtion at scales comparable
to the tension of the brang [6], that differs dramaticalbnfrthe one shown in Ed.](1).

SUSY BRANEWORLDS

Let us consider a 5-D spacetinve= R* x St/Z,, where R is a fixed 4-D Lorentzian
manifold andSl/Zz is the orbifold constructed from a circle with points idéetil
through a 2-symmetry.M is bounded by two 3-branek; andz,, located at the fixed
points ofSt/Z,. There is a bulk scalar fielg with a bulk potential (¢) and boundary
valuesg! and¢? at the branes. Additionally, the branes have tensikgrendA, which
are given functions of® and¢? (see FIG.1). The total action of the system is
3 3 3
s="2 [ (4R -3007 -0 (9)] - ¢ [ M@ -0 [ dele?). @
8 /m 2 Js 2 Js
Here [, is the short notation foff d°x,/—gs, wheregs is the determinant of the 5-D
metric gag Of signature(— + + + +) (a similar convention follows forfs). Ms is the
5-D fundamental mass scale aR® is the 5-D Ricci scalar. Additionally);(¢') and
A2(@?) are the brane tensions.
Our interest is focused on a class of models embedded ingrapéy, where the bulk
potentialU (@) and the brane tensiong (¢') andA,(¢?) satisfy a special relation so as
to preserve half of the local supersymmetry near the braije$lis is

U=(0,W)>-W2  A1=W(p"), and Ax=-W(¢?), (3)

whereW =W( @) is the superpotential of the system. Under these conditi@system
presents an important property: There is a BPS vacuum stagsting of a static bulk



background in which the branes can be allocated anywhetigomtiobstruction. Indeed,
suppose a metrids* = dz? + g,vdx#dx’, wherez parameterizes the extra-dimension
andgyy is the induced metric on the 4-D foliations bf parallel to the branes. If the
bulk fields depend only onandg,,, = wz(z)nuv (with nyy the Minkowski metric) then
one finds that the entire system is solved by functi@(® andg(z) satisfying

W /w=-W/4 and ¢ =3dyW, (4)

where’ = d,. Remarkably, boundary conditions at the fixed points are gigen by
these two equations. Thus, the presence of the branes fitreesystem to acquire a
domain-wall-like vacuum background, instead of a flat 5-Dhkéiwski background.

Let us mention here that in order to have the right phenonogyoin this type of
scenarios, it is important to have the modgliand ¢ stabilized (in the 4-D effective
low energy theory, they are found to be massless and dargjgrooupled to matter
[8,/9]). This can be done in a simple way by breaking supersgimnon the branes in
an appropriate manner [6].

THE NEWTONIAN POTENTIAL

It is possible to compute the modifications to Newton’s lawsiag from the way

in which bulk gravitons propagate in a background given by @ In general, we
can write the Newtonian potential describing the gravotaai interaction between two
massesm andmy on the visible brane ag(r) = —Gy™™2 [1+ f(r)], where f(r) is

a function ofr whose shape is dictated by the form\0f ¢). For concreteness, let
us consider the case of dilatonic branewoMi$p) = Ae”®? where A > 0 is some

fundamental mass scale. Then, the background geometrg si/gtem is

2

0(2) =@ — %In [1-a®Wz], and w(2) = [1- a® Wz Ya4a~ (5)
Notice the presence of a singulariiy= 0 atz= 1/a?W. Without loss of generality,
one may take the position @ atz= 0 (since/ > 0, this is a positive tension brane).
Then,Z, can be anywhere betwegn= 0 andz = 1/a®\. Interestingly, the relevant
case of 5-D Heterotic M-theory [10, [11] correspondsrfo= 3/2.

If, for simplicity, we further assume that the visible bras&; while the second brane
2, is very close to the bulk singularity, then it is possible taifthree different solutions
for f(r), depending on the value of (see [6] for a detailed analysis of this)

o d e—nr i 2
712 1—|—2a2 0 r?]132 m/k]+Y2 [m/k} if a < 1/4

f(l’) = f\/Bdmﬁe_mr if g2 — 1/4 (6)
gfrz;% 2n gkt if a?>1/4

In the previous expression we have defiree: (3Wy/8)?, k = |1 — 4a2|Wy/4, v =
3(1-4a®) 141 andu = 3(4a% 1)1 - 1, whereWp = Ae?® with ¢ the value ofp
at the positive tension brane. Additionall;ﬁfrl is then-th zero of the Bessel function
Ju+1[X], that isJuH[uﬁH] = 0. Observe that Eq.|1) is recovered toe= 0.



DISCUSSION

We have shown the corrections to Newton’s law for SUSY bramvmodels arising
from the way in which gravitons propagate in a bulk with a getmnthat differs from
the more commonly studied AdSA sensible question regarding this type of models
is whether there are any chances of observing short distaocdgications of general
relativity in the near future. To explore this, notice tHat televant energy scale at which
the corrections become significantig = Ae” %, instead of the more fundamental mass
scaleA. Typically one would expedh ~ Ms which has to be above TeV scales to agree
with particle physics constraints. Nevertheless, thefat? leaves open the possibility
of bringingA =W * up to micron scales.

In the case of 5-D Heterotic M-theor@f = 3/2) one hae?® = 1/¥, where¥ is
the volume of the Calabi-Yau 3-fold in units bfs. In order to have an accessible scale
A ~10um, it would be required” '\,C,—F;' ~ 107°, where we assumeti~ Ms. On the other

hand, Newton's constant is given 8" = 1322, M2W; *, which impliesM3, ~ M2¥".

Thus, to achieve/ '\,Cl—i_)" ~ 10?° one requires the following values fts and ¥

Ms~10"Mp, and 7»Y6~10° (7)

which are in no conflict with present phenomenological c@msts coming from high
energy physics. In particular, non-zero Kaluza-Klein nexdeming from the compact-
ified volume¥? would have masses of order®I®eV. On the other hand, M5 is of the
order of the grand unification scaldgyT ~ 10%GeV, then corrections to the Newtonian
potential would be present at the non-accessible scalel02°um.
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