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1 Introduction

Recently, the authors [I] proposed an alternative to the Randall-Sundrum brane world
model [2,[3] (RS model) that is formally similar to the original but has different physi-
cal properties. This alternative model does not require fine tuning of the cosmological
constant and has a constant energy-momentum in the bulk instead of a vacuum. The
alternative model will be identified as the r-metric model following the coordinate of
the bulk dimension. This r-metric model shares all the important features of the RS
model and in particular the model includes a 4D brane as a topological defect in a
uniform 5D bulk. The r-metric model also shares with the RS model spin dependent
(spin — 0, 1/2, 1) gravitational confinement of particles, a large extra dimension,
5D and 4D scale proportionality independent of the size of the extra dimension, and
constant energy-momentum tensor.

2 Formal similarity to the Randall-Sundrum model

The formal similarity between the RS model and r-metric model is apparent by con-
sidering the two metrics together. The RS metric with the commonly used y and z
coordinate systems is

ds? = e~ 2y, dardz” — dy?,
ds? = e 24G) (n,, datds” — dz?), e 4% =

(1)

1
1-2k|z|?

and the r-metric is

d$2 — 6—2A(7“) (nwjdX‘udXV - d,,,.2)’ (2)
A(r)=kl|r|.

Both metrics are conformally flat and transformations can be readily identified be-
tween all three sets of coordinates, with the RS metric most obviously conformally flat
in the z coordinates. The RS metric in the z coordinates is sufficiently similar to the
r-metric that some care must be exercised to distinguish between the two. The trans-
formation between the RS metric and r-metric dX* = f:l:‘z“ dz* and e Il =1 — k |y
is not an exact differential, dX* = A (2#,y) dz* + B (2", y) dy, since 9,A # 0 and the
y and r coordinates do not represent the same geometry. However, on any foliation
y = constant the two geometries are connected by a simple coordinate transforma-
tion.

We will now show how both models can be considered topological defects in a
5D bulk. Solving the Einstein-Hilbert equation, Gag + gap = k*Tap, the energy-
momentum tensor for the RS model is




N e 2HYl (6/{52 + )\[y}) — 6knd (y) = k2T,
— (6/{?2 + )\[y]) = I€2T55

and for the r-metric

Ny (3K2 + €2\ ) = 6k d (r) = K2T,, @

—6]{32 - 6_2km>\m = H2T55.
Requiring that the RS model be consistent with a 4D brane that is a topological defect
in a uniform 5D bulk the cosmological constant must be fine tuned, A, = —6k?. For

the r-metric model to be consistent with a 4D brane as a topological defect in a
uniform 5D bulk the cosmological constant must vanish A = 0.

3 Spin dependent localization of fields to the brane

The condition for the localization of fields to the brane is that the Wick rotated
propagator does not vanish, [ Dxe ™ — S = finite. Considering the action for
spinor fields Sy = [d°z\/gWil' D)y ¥ and expanding the integral produces three
terms. The two kinetic terms are

c? }Odr e 2" [ drz o iy O, hr — finite
0

o0 _ (5)
d? [ dre*™ [ d*x iyt 0, — oo
0

and a gamma 5 term is

cd [dr [ d'e (bLon+ ki) — 0o (6)
0

where ¢ and d are constants. Since the action for the spinor field is not finite there can
be no localized spinor fields due to gravitational confinement. Localization of spinor
fields to the brane would require a mechanism other than gravitational confinement
which is also the case for the RS model with decreasing warping as shown in Figure[Il

The action for the massless gauge fields is finite for decreasing warping as can be
seen by expanding the action with the r-metric (2I),

Sa=—5 [ &Px\/g9"N g™ (OnAn — OnAnr) (OpAs — s Ag)
= —% [dre7* [dz* (0Fa, — 07a,) (07a, — OPa,), (7)
0
where A, = constant and A, (:L’M ) =a, (2”) c(r). The finite action for gauge fields
localizes the massless spin 1 particles to the brane. This gravitational confinement of

massless gauge fields is an improvement over the RS model as shown in Figure [Il
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Spin RS model r — metric

—2k — 2m < 3k
0 —2k +2k — 2m < 3k
1 none —2k
% +2k none

Figure 1: Comparison of spin dependent localization for the Randall-Sundrum and
r-metric models. The negative values —2k are for decreasing warping and positive
values +2k are for increasing warping.

The action for scalar fields in the r-metric model using equation (2) is

So = [ dPx\/ggM N0y P*OnD = N (¢") [ d*x 0, 8,6 + ME [ d*x ¢
o 1 if 3|k >2m
= 2ghv —
N=[drvoxs {oo if 3[k| < 2m (8)

o0 M2 (m, k) if 3|k| >2m
2 __ rr * _ 0 )
My = [ drvag "X&‘X_{ 0o if 3|k <2m

where & = ¢ (z#) x (r) and

Mo (m, k) = S — SV/OR — . ()
The action is finite and the field localized to the brane for masses below m < %l{; with
decreasing warping and m < %l{; for increasing warping as shown in reference [I]. The
comparison of the localization of scalar fields in the r-metric and Randall-Sundrum
models is provided in Figure[llwhich includes both decreasing and increasing warping.
Unlike the RS model with decreasing warping the r-metric model exhibits a cutoff in
the mass spectra localized to the brane.

Setting the mass in the action for the scalar boson in equation (@) equal to the
mass in the 4D equation of motion My (m, k) = m has the solution, m%i) = 0. This
is in contrast to the conclusion reached earlier in reference [1] due to an error in the
integrand for the scalar field action equation (30). This leaves the parameters m and
k undetermined. One way to establish the magnitude of £ is in the reduction of the
5D action to an effective 4D action [3 ],

Sravity = —2M? fd:):4_o£ drgR = —2M° () [ det\[Bg DR

) (10
— M3, = M ()

where (/g = e ®""l and R = e*I"lp R, and integrating over an infinite extra di-

2M23

3MPl

mension. The bulk warping is k = which is proportional to the ratio between



the 5D and 4D scales.
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