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Abstract 

We advocate that the orbifold Z2 symmetry of the gravity trapping model proposed 
by Randall and 8undrum can be seen, in appropriate coordinates, as a symmetry that 
exchanges the short distances with the large ones. Using diffeomorphism invariance, 
we construct extensions defined by patch glued together. A singularity occurs at the 
junction and it is interpreted as a brane, the jump brane, of co dimension one. We give 
explicit realization in ten and eleven dimensional supergravity and show that the lower 
dimensional Planck scale on the brane is finite. The standard model would be trapped 
on a supersymmetric brane located at the origin whereas the jump brane would sur
round it at a finite distance. The bulk interactions could transmit the supersymmetry 
breaking from the jump brane to the 8M brane. 



1 Introduction 

Since the works of Kaluza and Klein [1], we know that, if there exists some extra-dimensions 
to our universe, an infinity of massive states will be associated to each usual 4D field. Because 
these. KK modes have not yet been observed, necessarily their masses must be beyond the 
experimental range of energies resolved in accelerators ('" 1 Te V). That is why the size 
of extra-dimensions cannot exceed such a ridiculously tiny scale ('" 1 TeV-1 

'" 10-19 m). 
However recent progresses in string theories [2] have corrected this old scenario suggesting 
that the Standard Model gauge interactions are confined to a four dimensional hypersurface 
while gravity can still propagate in the whole bulk space-time. Since the gravity has not 
yet been tested for energy beyond 10-4 e V [3], the bounds on the size of extra-dimensions 
are now much lower ('" 1 mm). This lack of experimental data allows for a modification 
of gravitational interactions at submillimetric distances i.e. far away from the Planck scale 
(rv 1019 Ge V) where quantum gravity were usually thought to take place. This proposal, 
in a sense, nullifies! the gauge hierarchy problem [4]. However this analysis was not yet 
complete essentially because it assumes a particular factorizable geometry associated to the 
higher-dimensional space-time being a direct product of a 4D space-time with a compact 
space. Recently this last assumption has been overcome [5] unwarping a very rich potential 
of physical effects. The most exciting one reveals the non-incompatibility between non
compact extra-dimensions and experimental gravity [6]. The crucial point is the existence, 
in some curved background, of a normalizable bound state for the metric fluctuations which 
can be interpreted as the usual 4D graviton. Of course, there still exists an infinite tower of 
KK modes, even a continuum spectrum without gap, but the shape of their wave functions is 
such that they almost do not overlap with the 4D graviton and thus maintain the deviations 
to the Newton's law in limits which are still very far from experimental bounds. Subsequent 
to studies of thin shells in general relativity [7] and their revival in a low-energy M -theory 
context [8], a toy model was constructed by Randall and Sundrum that exhibits the previous 
properties (see [9] for previous related works). The question whether this scenario reproduces 
the usual 4D gravity beyond the Newton's law has been addressed in [10]. The cosmological 
aspects have been intensively studied [11]. This model brings new approach to tackle the 
more severe hierarchy encountered in physics, namely the cosmological constant problem 
[12,13]. Whereas phenomenological aspects of warped compactifications with one compact 
extra-dimension have raised some interesting works [14], the case of one and many infinite 
extra-dimensions still waits for further investigations. 

The initial model by Randall-Sundrum involves only one extra-dimension. Several subse
quent works [15] extend it by considering many intersecting co dimension one branes. Three 
papers [16] consider branes of co dimension two. In a previous publication [13], we have 
proposed an effective action inspired from the brane construction in supergravity that leads 
to warped compactification with many extra..;dimensions, however it fails to localize gravity. 
The present paper gives a generic method that leads to warped geometry trapping gravity: 

1 More precisely, this proposal translates the gauge hierarchy problem in energy into its Fourier dual, 
namely a hierarchy between the size of extra-dimensions and the electroweak scale. 
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the idea consists in taking a solution of the equations of motion in the bulk and using the 
diffeomorphism invariance in the transverse space to construct a new solution, defined by 
patch, gluing together two slices of the initial solution. By applying a transformation that 
exchanges the radial distance to the brane with its inverse, namely imposing a kind of T 
duality i. e. a symmetry between the short and the long distances, we can keep the region 
of the space-time that naturally confines gravity and we throwaway the domain where the 
lower dimensional Planck mass diverges. The next section is devoted to enlighten our method 
while reproducing the RS scenario. In section 3, the Ramond-Ramond fields of low energy 
effective action of superstring theories are introduced in the bulk and our method is used to 
T dualize the usual p-brane solutions of supergravity. 

2 Randall-Sundrum scenario as a T dualization of the 
transverse space 

In this section we would like to present our method on a simple example which leads us to 
the Randall-Sundrum scenario of gravity trapping. We will be mainly interested here in the 
dynamics of the gravitational fields assuming that the dynamics of the other fields results in 
an effective cosmological constant in the bulk - the next section will be devoted to a more 
elaborated scenario taking into full account the massless modes of the low energy effective 
action of superstring theories. Thus the space-time physics is governed by the following 
action2

: 

(1) 

It is well known for a long time that, when the cosmological constant is negative, Abk < 0, 
the solution of Einstein equations corresponds to an Anti-de-Sitter space-time: 

ds' ~ (R:,J' ~JW dx" ® dxv + (R;" )' dr ® dr J1. ~ O ... D - 1. (2) 

where the radius RAdS is related to the bulk cosmological constant by: 

-2 2,..;2 Abk 

RAdS = - (D - 2)(D -1) (3) 

The aim of this section is to describe a method to construct new solutions to Einstein 
equations using a regular solution such as the previous one. These new solutions will develop, 
on hypersurfaces, some discontinuities in the first derivatives of the metric which will be 
interpreted as branes. In the vain of the works of extra-dimensions, we are looking for 
solutions that preserve a Poincare invariance in some space-time directions hereafter called 

20ur conventions correspond to a mostly plus Lorentzian signature (- + ... +) and the definition of 
the curvature in terms of the metrics is such that an Euclidean sphere has a positive curvature.D is the 
space-time dimension. 
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longitudinal directions and that could be identified as the dimensions associated to our world; 
the remaining dimensions will be extra-dimensions transverse to us. Notice that the AdS 
solution already exhibits a Poincare invariance in D - 1 dimensions. The most general D 
dimensional metric that preserves a PoincareD_l symmetry can be written as: 

ds2 = A2(r) 'f/Jl.1I dxJl. ® dx" + B2(r) dr ® dr . (4) 

In terms of the two functions A and B, the Einstein equations read: 

(D _ 2) A" + (D - 2)(D - 3) (A') 2 _ (D _ 2) A' B' = -K2AbkB2 . 
A· 2 A AB ' 

(5) 

(D - 2)(D -1) (A')2 = ~ 2A B2 
2 A Kbk, (6) 

where primes denote derivatives with respect to the transverse coordinate r. The AdS 
solutions simply corresponds to AAds(r) = r/RAdS and BAdS(r) = RAdS/r. 

The key observation is that, even after requiring a Poincare invariance, the equations 
of motion still· possess a reparametrization invariance in the transverse space. In our one 
extra-dimension example, this invariance is associated to diffeomorphism in the coordinate 
r and insures that, if Ao(r) and Bo(r) are a solution of the Einstein equations (5)-(6), thus 
A(r) = Ao(f(r)) and B(f) = ±Bo(f(f))f'(f) are also a solution, as it can be explicitly 
checked, for any diffeomorphism f whose image falls in the support of the original Ao and 
Bo. Of course these two solutions correspond to the same physical space if they are used for 
covering the whole space-time. However they can be used separately in order to construct 
new solution defined by patch on two non-overlapping regions: this construction mimics 
the procedure used by Randall and Sun drum and consists in taking two identical slices of 
space-time and gluing them together. Explicitly, the solution can be defined, starting from 
any solution Ao{r) and Bo{r), as: 

for r ~ ro 

for r;:::: ro 

(7) 

(8) 

The requirement that the metric remains continuous at r 0 gives a constraint between r 0 and 
the function f, namely: 

(9) 

In the present case where r represents a radial distance that remains positive, there is a 
particular change of coordinate that fulfills the constraint (9) whatever the value of r 0 is: 
f(r) = r~/r. The significance of this change of coordinate is very clear: the original solution 
near infinity is cut and replaced by a copy of the origin and the long distance solution 
becomes just a mirror of the short distance region. In that sense the new solution is T self
dual. Notice that the r ++ r~/r symmetry is just a Z2 symmetry in the Randall-Sundrum 

3 



coordinate, y = -Rln(r/RAds), when ro = RAdS • In the RS coordinate, the full AdS metric 
(2) reads: 

ds2 = e-2y/RAdS77pv dxP ® dxv + dy ® dy. (10) 

Randall and Sundrum have looked for a Z2 symmetric configuration and have obtained: 

(11) 

when a brane with a positive and fine-tuned cosmological constant is placed at y = 0 i.e. 

r ~ RAdS • This Z2 symmetrization is nothing but the procedure of T dualization of the 
transverse space described above: the region of negative y, that would correspond to r ~ 
RAdS ' is cut and replaced by a copy of the region of positive y i.e. r ~ RAdS • This procedure 
of cutting and pasting is not specific to the T dualization of transverse space, for instance it 
has been used in the first reference in [15] to generalize the RS construction with cosmological 
constants on a setup of intersecting co dimension one branes. The notion of T transformation 
will be important for trapping gravity on higher co dimension branes like those appearing in 
supergravity theories. 

The diffeomorphism invariance insures that (7)-(8) is a solution bf the Einstein equations 
in the bulk. However, even if the metric is continuous at r = ro, its first derivatives are 
usually not and thus a Dirac singularity appears in the left hand side of (5) which has to be 
associated to a singular stress-energy tensor. In our example it is not difficult to see that 
this singular stress-energy tensor can be derived from a term interpreted as a cosmological 
constant on the hypersurface r = r 0: 

(12) 

where Abr is given by: 

8(D - 2) 
- (D - 1)/'i;2 A

bk • 
(13) 

The above procedure of T dualization has the nice property to lead to a finite D - 1 
dimensional Planck mass. Indeed, whereas in the original solution it would be: 

M p
D- 3 = \ tx) dr AD-3(r) B(r) = roo dr (Rr ) D-4 

/'i; Jo . Jo AdS 

(14) 

which diverges near infinity, our solution that throws away the region near infinity and paste 
a copy of the region near the origin, naturally gives a finite D -1 dimensional Planck mass3 : 

M p
D- 3 = 12 (.ITO dr (_r_)D-4 + 100 dr~~D-;_4) = ( 2) 2 ro (_r_o_)?-4 

/'i; Jo RAds To rD 2RAds D - 3 /'i; RAdS 

(15) 

3Notice that we could have cut the horizon of AdS and kept two copies of the infinite boundary but this 
geometry would not lead to a finite lower dimensional Planck scale. 
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At this stage, the position To of the fixed point under the T symmetry is arbitrary. It is 
believed that a dynamical description of the brane beyond its effective description in terms 
of a cosmological constant (12) should allow to stabilize the value of To. Notice that, when 
To = RAdS ' the expression (15) coincides with the Planck mass on the brane computed in the 
RS model. 

In the next section, we extend our procedure of T dualization to solutions of the equations 
of motion of supergravity. 

3 Gravity trapping from the branes of supergravity 

In this section, we apply our procedure of T dualization to the brane solutions of supergrav
ity theories. An electric p-brane couples to a (p + 1) differential form. While preserving a 
Poincare invariance in the dimensions parallel to the brane, the electric field strength curves 
the transverse space. Nice solutions of the equations of motion have been constructed [17]. 
Their remarkable supersymmetric and BPS properties insure their stability. They are in
terpreted as collective excitations of perturbative string theories and they become the el
ementary objects of dual theories capturing part of the non-perturbative aspects. In [13], 
it was argued that the brane configurations can be seen as warped geometry of space-time. 
Unfortunately, the shape of the warp factor along the infinite extra-dimension associated to 
the radial distance to the brane in the transverse space does not localize gravity as in the RS 
scenario. The origin of such a discrepancy is due to the geometry of space-time far away from 
the brane. For example in the particular case of vanishing dilaton coupling, the geometry 
corresponds4 to a product AdSdll +1 x SdL -1, where dll is the dimension of the longitudinal 
space and dL , the dimension of the transverse space, dll + dL = D. Whereas the region 
near the brane is the horizon of AdS, the region near infinity is associated to the confor
mal boundary of AdS which is precisely the part of space-time cut in the RS configuration. 
Our solution will consist in T dualizing the AdS horizon in the region near infinity. A new 
singularity will appear where the two slices are glued and we will describe this singularity. 

We begin with a review of the brane construction in supergravit¥ theories. A p-brane 
is coupled to the low-energy effective theory of superstrings. Below the fundamental energy 
scale, identified as the energy of the first massive excitations of the string, the theory can be 
described by supergravity theories whose bosonic spectrum contains the metric, a scalar field 
(the dilaton) and numerous differential forms. The bosonic effective action, in supergravity 
units where the curvature term is canonically normalized, takes the general form (we will 

4Usually the solution constructed in supergravity theories asymptotes AdSdn+1 x Sd.!.-1 near the brane 
only and it is normalized such as to recover a D dimensional Minkowskian fiat space at infinity. As we will see 
in eq. (28), this normalization corresponds to a particular choice of constant of integration. AdSdn+1 x Sd.!.-1 
provides also a solution in the full space. The physical relevance of this solution is suggested by the fact that 
the dynamics of a brane becomes free near the conformal boundary of AdS [18]. Our argument concerning 
the gravity localization is unchanged if the solution with a fiat space at infinity is considered since the dn 
Planck mass also diverges in that case. 
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use ,.,,2 = M 2- D where M is the Planck mass in ten or eleven dimensions): 

saugra = ! dDx II:Ilgl (_1 n _ ~ o.iPofLiP _ ~ 1 eOn~ F. • Ffrl ... frn+2) (16) 
ell V IYI 2fi,2 2 /L L...J (n + 2)! O"l···O"n+2 , 

n 

where Fp,l ... fLn+2 = (n + 2) O[fLl Cp,2 ... Pn+2] is the field strength of the (n + I)-differential form 
C, whose coupling to the dilaton is measured by the coefficient an. The allowed values of n 
depends on the theory we consider. The coefficients an are explicitly determined by a string 
computation: the coupling of the dilaton to differential forms from the Ramond-Ramond 
sector appears at one loop and thus a!;R/V2fi,2 = (3 - n)/2 in supergravity units, while the 
Neveu-Schwarz-Neveu-Schwarz two-form couples at tree level, so afB /V2fi,2 = -1. In some 
cases, we can also add a Chern-Simons term (C /\ F /\ F) to the action, but it does not have 
any effect on the classical solutions and we will neglect it in our analysis. 

This bulk effective action can couple to some branes. And th~ total action is: 

s - ssngra + Sbranes 
- ell ell (17) 

The equations of motion are derived form this action and can be read (il, iJ = 0 ... D - 1): 

2 2: 
2fi,2... . . 

G - o.iF..{).iF.. + On'*' F F. O"l···O"n+l 
{Lv - fi, {L'J! v'J! (n + I)! e {L(h",un+l v 

n 

+ - -fi, O·iPaO"iP - eOn,*, F. . FO"l ... O"n+2 1 ( ·2 . 2: 2fi,2;r,. . . ) 
2 0" (n + 2)! O"l···O"n+2 

gfLv + Ti~ ; (18) 
n 

(19) 

(20) 

The brane stress-energy tensor Ti~, the electric currents Jbr and the dilatonic current T:r 
are formally given by: 

(n + I)! bS:jies 

2 . bAfL1"'fLn+l 

bSbranes 
Tbr _ eff 
~ - - biP (21) 

and can be derived whenever the effective action describing the dynamics of the branes is 
known. 

We would like now to construct a solution of these equations of motion with particular 
symmetries namely a Poincare invariance in dll = P + 1 dimensions that will be identified 
as longitudinal dimensions and also a rotational invariance in the dJ. dimensional transverse 
space. Such a solution has been known for a long time in supergravity theories and it is 
expressed as (p" v ~ 0 ... dll - 1 and i,j = 1 ... dol): 

ds2 = H 2n
., "I/LV dxl-' ® dxv + H 2n

y "Iij dyi ® dyj ; 

e ~ = Hn
4> erPo ( </>0 is a constant) ; 

C = -f _I_e-oPrPoo/2 H-1 . 
/Ll···!Lp+l /Ll···l-'p+l A ' wz 

6 
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where H is a function of the radial distance in the transverse space only. Notice that the 
POincaredll symmetry allows only for a non-vanishing dll differential form and furthermore all 
the fermionic fields have to vanish. The consistency of the whole set of equations of motion 
determines the powers nx , ny and n<l>: 

ap 
n<l>=-A2 ' 

wz 

and the coefficient Aw z which has to be related to the dilaton coupling by: , 

A2 _ 2 2 dll (dJ. - 2) a; 
wz- K +-. 

dll + dJ. - 2 2 

(25) . 

(26) 

In supergravity theories, according to the particular values of the dilaton coupling previously 
given, the coefficient Awz is a constant independent of the dimension of the brane: 

The function H is harmonic in the transverse space: 

Q 
H=l+-d 2 r J.-

(27) 

(28) 

where l is an arbitrary dimensionless constant and Q is a constant with a dimension dJ. - 2 
in length. 

This solution solves the bulk equations of motion everywhere except at the origin where 
occurs a singularity, interpreted as a p-brane. We know exactly the brane action generating 
such a singularity: 

S:;je = TpH ! dPH~ ( _~v1Yf1'abaaXjtabxii 9jtii(X) efJp<l> + P; 1 v1Yf 

+ Awz al.··ap+l a xjtl a Xjtp+lC ) (p + 1)! E al'" ap+l . jtl ... jtp+l . (29) 

And the corresponding constant Q in the expression (28) of the harmonic function H is 
related to the tension Tp+1 of the brane by: 

. A2 T. 
Q = WZ pH e-optPo/2 (30) 

2(dJ. - 2)f2dJ.-1 

where f2dJ. -1 is the volume of SdJ. -1, the sphere with dJ. - 1 angles. 
Using this solution, we will now construct a new solution by patch. The most general 

solution that respects Poincaredll x SO(dJ.) can be written as: 

ds2 = A2(r) 'fJJ1.V dx J1. ® dxv + B2(r) dr ® dr + D2(r)d2 f2dJ. -1 ; (31) 
~ = ~(r); (32) 

CJ1.1".J1.P+l = -EJ1.1 .. .J1.p+lAii!z C(r) ; (33) 
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where cPnd.i. -1 = 9o/Jd()O" ® d()/J is the metric on the Sd.!. -1 described by the angles ()O, 

a = 1 ... d.!. - 1. In terms of these functions, the equations of motion (18)-(20) in the bulk, 
i. e. dropping any singularity, read: 

where the primes denote derivative with respect to the radial distance r. 
The brane solution of supergravity corresponds to Asg = Hn"" Bsg = Hny, Dsg = r Hny, 

e<l>sg = Hn<f> etPo and Gag = H-1 etPo /2 where cpo is an arbitrary constant and H is given in 
(28). The diffeomorphism invariance insures that 

for r ~ ro 

for r 2:: ro 

A(r) = Hn"(r) B(r) = HnY(r) D(r) = r Hny (r) 
<p(r) = cpo + 11.<1> InH(r) G(r) = etPo /2 H-1(r) 

(39) 

A(r) = Hn"(r;/r) B(r) = r;/r2HnY(r;/r) D(r) = r;/r Hny(r;/r) 40 
<p(r) = cpo + n<l> In H(r;/r) G(r) = etPo /2 H-1(r;/r) ( ) 

is also a solution of the equations of motion in the bulk, as it can be checked explicitly. 
Whereas this T dualization of the transverse space provides a continuous junction between 
the two patches, the first derivatives of the fields have a jump and thus lead to a Dirac 
singularity. We can interpret this singularity as a brane of co dimension one located at the 
junction region: we will call it the jump brane5. Among the dimensions on this brane, d ll 
ones are non-compact and are parallel to the dimensions of the brane at the origin, while 
the d.!. - 1 remaining directions are compact and describe a sphere of radius D(ro) and thus 
at energies below D-1(ro), the second brane will also appear as a (d ll - l)-brane. From the 

5This geometry reminds some aspects of the model of concentric branes constructed in the third reference 
in [16] with a discontinuous cosmological constant in a 6D bulk. 
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explicit expression of the equations of motion, we can derive the singularity associated to 
the second brane in terms of the original supergravity solution: 

T:p 
T~ 

JP.l ... P.p+l 
br 

(41) 

(42) 

(43) 

(44) 

where we remind that ga/3 has been defined as the metric on sd.l.. -1. An interesting and 
opening problem that we will not address in this letter is to determine the effective action 
S~fine describing the second brane that would lead to the currents (41)-(44). In the particular 
case where the integration constant, l, of the supergravity solution (28) has been chosen 
to vanish, the stress-energy tensor on the brane can be parametrized by two cosmological 
constants along the compact and non-compact directions: 

where 

A~T ex: (d.l.. - 1 - 2(d.l.. - 2)ARlz K2) r;a~Aw2z/2 
A~ ex: (d.l.. _ 2)r;a~Aw2z/2 

(46) 

(47) 

Notice that the cosmological constants in the two directions are equal only when the Wess
Zumino coupling is given by: 

z.e. (48) 

This is never the case in supergravity. 
The most attractive feature of the solution we have just constructed is that, just as 

in the RS model, it provides a finite d ll dimensional Planck mass in spite of the infinite 
extra-dimension. Indeed, this scale is now given by: 

M p
dll-2 = K-2! dd.l..yAdll-2BDd.l..-l= 2K-2nd.l.._llTo drrd.l..-lH4t;.2A'Viz = K-2nd.l.._1Qr~ 

(49) 
In the last equality, we have used the supersymmetric value of Awz and set the constant 
of integration, l, to zero. The fact that Mp converges is a good indication that the gravi
tational force will mainly follow a Newton's law in d ll dimensions, up to deviations beyond 
experimental bounds, and suggests the existence of a normalizable bound state for the met
ric fluctuations that will be interpreted as a 4D graviton [19,20] .. The deviations to the 
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Newton's law can be obtained form the KK spectrum of the 4D graviton. The equations of 
motion for the fluctuations will be greatly simplified by noticing that, in the RS gauge, the 
stress-energy tensor in the bulk derived from (16) satisfies, at the first order in perturbation: 

T(l) = (T(O) h + T(O) h ) 'I1pu 
~v ~u pv uv P~ ., (50) 

where 

ds2 = A2(r)(TJ~v + hJl.v(x, r, B))dxJl. ® dxv + B 2(r) dr ® dr + D2(r)d2ndJ._1 (51) 

As noticed in [19], this relation, that is here rather non-trivial since the stress-energy tensor 
is non-linear in the metric, is what is needed to cancel all the non-derivative terms in h in 
the Einstein equations. However, without knowing the effective action for the second brane, 
it is impossible to derive the full equations of motion for the fluctuations near the second 
brane. We leave this question for further investigations. 

Since the supersymmetric extension of the RS model has been debated with rather con
fusion [13,21], it is important to comment about this issue regarding the solutions we have 
constructed. Concerning the brane located at the fixed point of the T symmetry, we are 
missing some elements to make any statement. However the conclusions are positive for the 
bulk and the p-brane located at the origin: since locally they correspond to the usual solu
tions encountered in supergravity theories, they preserve eight supercharges. If the second 
brane breaks part of these supercharges, it would be interesting to study the transmission of 
this breaking to the first brane. 

In conclusion, we hope that our construction has shed light on the geometrical origin of 
the gravity trapping scenario proposed by Randall and Sundrum. It provides insight on how 
to extend it to higher-co dimensional brane worlds. We have studied an explicit realization in 
supergravity models exhibiting finite lower dimensional Planck mass on the brane des)?ite the 
non-compact transverse space. Our solution is invariant under a T symmetry that exchanges 
the short distances with the large ones in the transverse space. Two singularities occur that 
are interpreted as a p-brane at the origin and, at a finite distance, the jump brane, a (D - 2)
brane with dJ. -1 compact dimensions. The bulk, as well as the brane at the origin where the 
standard model can propagate, preserves half of the sixteen supercharges. The warp factor 
is maximum on the jump brane that can be taken as a Planck brane, i. e. a brane where the 
energy scale would be ofthe order of the Planck scale (I'V 1019 Ge V). In this case, the natural 
energy scale on the brane at the origin would be suppressed by a factor A(ro)jA(O) which 
can lead to the electroweak scale depending on the location of the T self-dual point roo A 
dynamical description of the jump brane should help to address some interesting questions 
like the stabilization of its position, the supersymmetry breaking transmission to the first 
brane and the determination of the KK spectrum associated to the 4D graviton which would 
allow to compute the deviations to the Newton's law. 

Acknowledgements 

I would like to thank my two former collaborators, J .M. Cline and G. Servant, for stimulating 
discussions. This work was supported in part by the Director, Office of Energy Research, 

10 



Office of High Energy and Nuclear Physics, Division of High Energy Physics of the U.S. 
Department of Energy under Contract DE-AC03-76SF00098. 

References 

[1] T. Kaluza, Akad. Wiss. Phys. Math. Kl (1921) 966; 
O. Klein, Z. Phys. 37 (1926) 895. 

[2] J. Polchinski, Phys. Rev. Lett. 75 (1995) 4724 [hep-th/9510017]; 
P. Horava and E. Witten, Nucl. Phys. B460 (1996) 506 [hep-th/9510209] and Nucl. Phys. 
B475 (1996) 94 [hep-th/9603142]. 

[3] J. C. Long, H. W. Chan and J. C. Price, Nucl. Phys. B539 (1999) 23 [hep-ph/9805217]. 

[4] I. Antoniadis, Phys. Lett. B246 (1990) 377; 
N. Arkani-Hamed, S. Dimopoulos and G. Dvali, Phys. Lett. B429 (1998) 263 [hep
ph/9803315]; 
I. Antoniadis, N. Arkani-Hamed, S. Dimopoulos and G. Dvali, Phys. Lett. B436 (1998) 257 
[hep-ph/9804398]; 
N. Arkani-Hamed, S. Dimopoulos and G. Dvali, Phys. Rev. D59 (1999) 086004 [hep
ph/9807344]; 
N. Arkani-Hamed, S. Dimopoulos and J. March-Russell, [hep-th/9809124]; 
See also K. R. Dienes, E. Dudas and T. Gherghetta, Phys. Lett. B436 (1998) 55 [hep
ph/9803466] and Nucl. Phys. B537 (1999) 47 [hep-ph/9806292]. 

[5] L. Randall and R. Sundrum, Phys. Rev. Lett. 83 (1999) 3370 [hep-ph/9905221] and Phys. 
Rev. Lett. 83 (1999) 4690 [hep-th/9906064]. 

[6] J. Lykken and L. Randall, [hep-th/9908076]. 

[7] W. Israel, Nuovo Cim. 44B (1966) 1; 
V.A. Rubakov and M.E. Shaposhnikov, Phys. Lett. l25B (1983) 139; 
A. Vilenkin, Phys. Lett. l33B (1983) 177; 
J. Ipser and P. Sikivie, Phys. Rev. D30 {1984} 712j 
M. CvetiC, S. Griffies and H. H. Soleng, Phys. Rev. D48 (1993) 2613 [gr-qc/9306005]j 
For a review on 4D domain walls see M. Cvetic and H. H. Soleng, Phys. Rept. 282 (1997) 159 
[hep-th/9604090]j. 
See also M. Cvetic and J. Wang, [hep-th/9912187]. 

[8] I. Antoniadis and M. Quiros, Phys. Lett. B392 (1997) 61 [hep-th/9609209]; 
E. Dudas and C. Grojean, Nucl. Phys. B507 (1997) 553 [hep-th/9704177]; 
A. Lukas, B.A. Ovrut, K.S. Stelle and D. Waldram, Phys. Rev. D59 (1999) 086001 [hep
th/9803235]; 
H.A. Chamblin andH.S. RealI, [hep-th/9903225]. 

[9] M. Visser, Phys. Lett. Bl59 (1985) 22 [hep-th/9910093]; 
E. J. Squires, Phys. Lett. Bl67 (1986) 286; 

11 



M. Gogberashvili, [hep-ph/9812296], [hep-ph/9812365] and Mod. Phys. Lett. A14 (1999) 2025 
[hep-ph/9904383]. 

[10] A. Chamblin and G.W. Gibbons, [hep-th/9909130]; 
A. Chamblin, S. W. Hawking and H. S. RealI, [hep-th/9909205]; 
R. Emparan, G. T. Horowitz and R. C. Myers, JHEP 0001 (2000) 007 [hep-th/9911043] and 
[hep-th/9912135]; 
J. Garriga and T. Tanaka, [hep-th/9911055]; 
J. Garriga and M. Sasaki, [hep-th/9912118]; 
D. Youm, [hep-th/9911218], [hep-th/9912175] and [hep-th/0001018]; 
M Sasaki, T. Shiromizu and K. Maeda, [hep-th/9912233]; 
A. Chamblin, C. Csaki, J. Erlich and T. J. Hollowood, [hep-th/0002076]; 
S. B. Giddings, E. Katz and L. Randall, [hep-th/0002091]. 

[11] P. Binetruy, C. Deffayet, D. Langlois, [hep-th/9905012], to be published in Nucl. Phys. B; 
T. Nihei, Phys. Lett. B465 (1999) 81 [hep-ph/9905487]; 
N. Kaloper, Phys. Rev. D60 (1999) 123506 [hep-th/990521O]; 
C. Csaki, M. Graesser, C. Kolda and J. Terning, Phys. Lett. B462 (1999) 34 [hep-ph/9906513]; 
J.M. Cline, C. Grojean and G. Servant, Phys. Rev. Lett. 83 (1999) 424 [hep-ph/9906523] and 
[hep-ph/9909496], to appear in Phys. Lett. B; 
D.J. Chung and K. Freese, Phys. Rev. D61 (2000) 023511 [hep-ph/9906542] and [hep
ph/9910235]; 
W. D. Goldberger and M. B. Wise, Phys. Rev. Lett. 83 (1999) 4922 [hep-ph/9907447] and [hep
ph/9911457]j 
P.J. Steinhardt, Phys. Lett. B462 (1999) 41 [hep-th/9907080]; 
H.B. Kim and H.D. Kim, [hep-th/9909053]; 
H. Hatanaka, M. Sakamoto, M. Tachibana and K. Takenaga, [hep-th/9909076]j 
L. Mersini, [hep-ph/9909494] and [hep-ph/0001017]. ; 
P. Kanti, I. I. Kogan, K. A. Olive and M. Pospelov, Phys. Lett. B468 (1999) 31 [hep
ph/9909481] and [hep-ph/9912266] ; 
T. S4iromizu, K. Maeda and M. Sasaki, [gr-qc/9910076]j 
A. Kehagias and E. Kiritsis, JHEP 9911 (1999) 022 [hep-th/9910174]; 
S. Mukohyama, [hep-th/9911165]; 
P. Binetruy, C. Deffayet, U. Ellwanger and D. Langlois, [hep-th/9910219];· 
E. E. Flanagan, S. H. Tye and I. Wasserman, [hep-ph/9909373] and [hep-ph/9910498]; 
D. N. Vollick, [hep-th/9911181]j 
C. Csaki, M. Graesser, L. Randall and J. Terning, [hep-ph/9911406]; 
D. Ida, [gr-qc/9912002]; 
B. Bajc and G. Gabadadze, [hep-th/9912232]; 
S. Mukohyama, T. Shiromizu and K. Maeda, [hep-th/9912287]; 
U. Ellwanger, [hep-th/0001126]; 
G. Amelino-Camelia, [hep-th/0001207]; 
H. B. Kim, [hep-th/0001209]; 
L. A. Anchordoqui and S. E. Perez Bergliaffa, [gr-qc/0001019]; 
J. M. Cline, [hep-ph/0001285]; 
U. Guenther and A. Zhuk, [hep-ph/0002009]; 

12 



U. Mahanta and S. Rakshit, [hep-ph/0002049]j 
R. Gregory, V. A. Rubakov and S. M. Sibiryakov, [hep-th/0002072]. 

[12] U. Ellwanger, [hep-th/9909103]j 
E. Verlinde and H. Verlinde, [hep-th/9912018]j 
E. Verlinde, [hep-th/9912058]j 
C. Schmidhuber, [hep-th/9912156]j 
N. Arkani-Hamed, S. Dimopoulos, N. Kaloper and R. Sundrum, [hep-th/0001197]j 
S. Kachru, M. Schulz and E. Silverstein, [hep-th/0001206]. 

[13] C. Grojean, J. Cline and G. Servant, [hep-th/9910081]. 

[14] W. D. Goldberger and M. B. Wise, Phys. Rev. D60 (1999) 107505 [hep-ph/9907218]j 
I. Oda, [hep-th/9909048] and [hep-th/9908104]j 
T. Li, Phys. Lett. B471 (1999) 20 [hep-th/9908174] and [hep-th/9911234] and [hep
th/9912182]j 
KR. Dienes, E. Dudas and T. Gherghetta, [hep-ph/9908530]j 
E. Halyo, [hep-th/9909127]j 
S. Chang and M. Yamaguchi, [hep-ph/9909523]j 
S. Nam, [hep-th/9911104]j 
H. Davoudiasl, J.L. Hewett and T.G. Rizzo, [hep-ph/9909255] and [hep-ph/9911262]j 
A. Pomarol, [hep-ph/9911294]j 
M. Chaichianand A. B. Kobakhidze, [hep-th/9912193]j 
Y. Grossman and M. Neubert, [hep-ph/9912408]j 
S. Chang, J. Hisano, H. Nakano, N. Okada and M. Yamaguchi, [hep-ph/9912498]j 
I. I. Kogan, S. Mouslopoulos, A. Papazoglou, G. G. Ross and J. Santiago, [hep-ph/9912552]j 
C. Charmousis, R. Gregory and V. A. Rubakov, [hep-th/9912160]j 
T. G. Rizzo, [hep-ph/0001247]j 
P. Das, S. Raychaudhuri and S. Sarkar, [hep-ph/0002079]. 

[15] N. Arkani-Hamed, S. Dimopoulos, G. Dvali and N. Kaloper, [hep-th/9907209]j 
C. Csliki and Y. Shirman, Phys. Rev. D61 (2000) 024008 [hep-th/9908186]j 
A.E. Nelson, [hep-th/9909001]. 

[16] A. Chodos and E. Poppitz, Phys. Lett. B471 (1999) 119 [hep-th/9909199]j 
A. G. Cohen and D. B. Kaplan, Phys. Lett. B470 (1999) 52 [hep-th/9910132]j 
z. Chacko and A. E. Nelson, [hep-th/9912186]j 
See also S. M. Carroll, S. Hellerman and M. Trodden, [hep-th/9911083]. 

[17] P.K Townsend, Phys. Lett. 202B (1988) 53j 
A. Dabholkar, G. Gibbons, J.A. Harvey and F. Ruiz Ruiz, Nucl. Phys. B340 (1990) 33j 
A. Strominger, Nucl. Phys. B343 (1990) 167j 
A. Achucarro, J.M. Evans, P.K Townsend and D.L. Wiltshire, Phys. Lett. 198B (1987) 441j 
M.J. Duff and J.X. Lu, Nucl. Phys: B390 (1993) 276 [hep-th/9207060]j 
For a review see M.J. Duff, R.R. Khuri and J.X .. Lu, Phys. Rept. 259 (1995) 213 [hep
th/9412184]. 

13 



, ' 

[IS] C. Grojean and J. Mourad, Class. Quant. Grav. 15 (1998) 3397 [hep-thj9807055] and [hep
thj9903164], to appear in Nucl. Phys. B. 

[19] C. Csaki, J. Erlich, T. J; Hollowood and Y. Shirman, [hep-thjOOO1033]. 

[20] M. Gremm, [hep-thj9912060] and [hep-thj0002040]i 
K. Uzawa, Y. Morisawa and S. Mukohyama, [gr-qcj991210S]i 
M. G. Ivanov and I. V. Volovlch, [hep-thj9912242]i 
T. Ozeki and N. Shimoyama, [hep-thj9912276]i 
R. Dick and D. Mikulovicz, [hep-thj0001013]i 
Y. S. Myung, G. Kang and H. W. Lee, [hep-thj0001107]. 

[21] A. Kehagias, Phys. Lett. B469 (1999) 123 [hep-thj9906204] and [hep-thj9911134]i 
H. Verlinde, [hep-thj9906182]i 
A. Brandhuber and K. Sfetsos, JHEP 9910 (1999) 013 [hep-thj9908116]i 
K. Behrndt and M. Cvetic, [hep-thj9909058] and [hep-thj0001159]i 
K. Skenderis and P. K. Townsend, Phys. Lett. B468 (1999) 46 [hep-thj9909070]i 
O. DeWolfe, D, Z. Freedman, S. S. Gubser and A. Karch, [hep-thj9909134]i 
R. Kallosh, A. Linde and M. Shmakova, JHEP 9911 (1999) 010 [hep-th/9910021]i 
P. Kraus, JHEP 9912 (1999) 011 [hep-thj9910149]i 
S. S. Gubser, [hep-thj9912001]i 
R. Kallosh and A. Linde, JHEP 0002 (2000) 005 [hep-thjOOOl071]. 

14 



@I;J~I¥-:ttr ~ C!:a!d;J¥IlI~I .. :g (El¥lll;Ja#ll1..lV ~ ~ 
~ ~ ~ 0 1:'=-3a=-L@1o ~.';Jm'A ~ 




