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Gravity in the Randall-Sundrum two D-brane model
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We analyze the Randall-Sundrum two D-brane model by linear perturbation and then consider the
linearized gravity on the D brane. The qualitative contribution from the Kaluza-Klein modes of gauge
fields to the coupling to the gravity on the brane will be addressed. As a consequence, the gauge fields
localized on the brane are shown not to contribute to the gravity on the brane at large distances. Although
the coupling between gauge fields and gravity appears in the next order, the ordinary coupling cannot be

realized.
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I. INTRODUCTION

Recently the model construction of the inflation using
D brane has been initiated [1] in braneworld context. See
Refs. [2—4] for other related issues. However, the self-
gravity of D brane, which would be essential in consider-
ing D-brane cosmology, was not seriously considered
there. On the other hand, a Randall-Sundrum-type (RS)
[5,6] model based on D-brane action has been considered
in Refs. [7-10]. In these papers, the bulk spacetime is
described by type IIB supergravity compactified on S°
[11] and the brane action is the Born-Infeld plus Chern-
Simons action. Intuitively it is expected that the low-
energy effective gravitational theory on the D brane is
Einstein-Maxwell theory with corrections from various
form fields and radion (in two D-brane system).
However, analysis based on the long-wave approximation
[12] showed that the gravity on the D brane does not couple
to Maxwell field. This is because contribution from the
Born-Infeld action is exactly canceled by those from the
other form fields, which is quite nontrivial and surprising.
This result would be a serious problem when we construct
a cosmological model based on D brane.

In this paper we will reexamine the gravity on the branes
by investigating the linear perturbation following
Refs. [13-16]. In the previous series of papers on RS
D braneworld [7-10], the gradient expansion (long-wave
approximation) has been employed to derive the effective
theory on the brane. This approximation includes the non-
linear effect but neglects the massive mode. On the other
hand, the linear perturbation takes the massive mode as
well as zero mode into account, although the nonlinear
terms are neglected. In this sense, these two approxima-
tions are complementary.

Furthermore, in the previous works, the form fields B,
and C, are assumed to be closed, that is, dB, = dC, = 0,
for simplicity. However, such assumption kills the trans-
verse tensor part of the form fields, which might be a
reason for the noncoupling of the gravity and the
Maxwell field. In this paper, on the other hand, we will
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not impose such an assumption. As seen below, however,
the contribution from the zero mode of gauge fields does
not still have the usual form and is negligible at large
distances. This is consistent with the result from long-
wave approximation discussed in the previous paper [10]
and the appendix of this paper.

The rest of this paper is organized as follows. In Sec. I,
we describe the model which we consider here. In Sec. III,
we formulate the Arnowitt-Deser-Misner (ADM) formal-
ism for the current model. In Sec. IV, the linearized gravi-
tational equation on the brane is derived. The contributions
from massive modes of the form fields are also considered.
Finally we will give summary and discussion in Sec. V. In
the appendix, for a comparison with the result obtained in
linear perturbation analysis, we rederive the gravitational
equation on the brane using the gradient expansion without
assumption of dB, = dC, = 0.

II. MODEL

We consider the Randall-Sundrum model in type IIB
supergravity compactified on S°. The brane is described by
Born-Infeld and Chern-Simons actions. So we begin with
the following action
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where Hynk = %3[MBN1<], ~ Fyng = %a[MczyK],
GK1K2K3K4K5 = %a[KIDK2K3K4K5]’ F=F+xH and G =
G+CAH. M\N,K=0,1,2,3,4. Byy and Cyy are
two-form fields, and Dk g, .k, is a four-form field. y is a
scalar field. G is the metric of five-dimensional

spacetime.
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S(i)

brane 1S given by Born-Infeld action

Stine = Y(+) ] d*xy[— det(h + F), )
Strane = V() f d*xy/— det(q + FO), 3)

where h,, and q,,, are the induced metric on the D . brane
and

Fi) = B + (ly) D) ™V2F). )
F,, is the U(1) gauge field (Maxwell field) on the brane.
Here p, v =10, 1,2,3 and Y(+) are D -brane tension.
S(Cis) is Chern-Simons action

I
S& = v f d4x\/—he“”p"[z FilCod + %Tﬁi) .

1
+ ﬁDfJ—V)p(r j|y (5)

> vpo| L) o) 4 X (=) (-
S = v [ deyTgen e L FICh) 4 K P
|
+ﬂDqu)pfr} (©)

Here the brane charges, the factors in front of the integra-
tion, are set equal to the brane tensions. Therefore, our
model contains Bogomol’nyi-Prasad-Sommerfield (BPS)
state of D branes.

II1. BASIC EQUATIONS

In this section we write down the basic equations and
boundary conditions based on the ADM formalism along
the direction transverse to the brane. Then let us perform
(1 + 4) decomposition

ds? = GyndxMdxN = 20 gy2 + 8y, x)dxtdx”, (7)

where y is the coordinate orthogonal to the brane. D
brane and D_ brane are supposed to locate at y = y(*) =
Oand y =y =y,

The spacelike “‘evolutional” equations to the y direction
for the extrinsic curvature of the brane,

I
K,uu = Ee ¢ayg,u,w (8)

and other fields are

- 4
e ¢ay[( = @R — K2<(5)T,’f — 5(5)7%) — K2

— e ?D%e?, 9
~ " 1 -
e %0,k =R} — K2<<5>TL‘ - 4—16’5(5)T§:> — KKY

- e —¢ [DMDV6¢]traceless» (10)
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x+ D’y +e?Kdx — %Hya,gﬁyaﬂ =0, (11)
3, X' + e?KXMY + D, pH*
+D H" + %FWGWWV =0 (12
3, YR + e KFYMY + D, pFor”
+D, Ferr — %Hyaﬁéyaﬂw =0, (13)
ayéyalazagcu = e¢KGya,a2a3a4» (14)

where XY#7 1= HY*¥ + yFY*? and the energy-momentum
tensor is

1 1
Kz(S)TMN = E[VMXVNX - EgMN(vX)2:|
1
+ Z[HMKLHNKL — gunlHI?]
1. - - -
+ Z[FMKLFNKL — gl FI?]

1 ~ -
+ %GMK1K2K3K4GNKIK2K3K4 — Agun-

(15)

K% and WRY are the traceless parts of K% and “WRY,
respectively. Here D, is the covariant derivative with
respect t0 g,

The Hamiltonian and momentum constraints and con-
straints for the form fields on y = const. hypersurfaces are

- %[@)R - %KZ + 1%’;1?;} = k20T, 72, (16)
DK% — D, K = k¥*OT, e, (17)

D, (e® Xty + ée‘meaza}GWl“Z“”‘ =0, (18)
D, (e® Fyar) — ée(ﬁszaﬁya,azW =0, (19)
D (e ?Gup,pops) = 0. (20)

Under Z, symmetry, the junction conditions at the brane
located y = y'™) are

2

_kK +
[Kp,v - g,uVK]yzy(i) = +77(i)(g,u,v - TELV)) + O(T;Q,w)
(21)
Hy 0, x) = F iy e o, (22)

~ + — K2 +
Fyuv(y(i)) x) = + 77(i)8¢6,u1/aﬁf(7)aﬁ: (23)
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Gy,ul/aﬁ(y(i): )C) = Isz(i)e¢6MvaBr (24)

2
+ _ kK + +
xS, 0 = Tyt e PFLFL. (25)
In the above
=+ + * 1 * +
T, = FOweFr) = L0 Fug FOP (26)

As seen in the junction condition for y, y is quadratic in
F so that it can be omitted in the linear approximation. For
the same reason, we can omit the quadratic term in
Eq. (21).

IV. LINEARIZED GRAVITY
A. Background

We assume that the background bulk spacetime is five-
dimensional anti-de Sitter spacetime produced by the nega-
tive cosmological constant A and the four-form field
Dk, k,k,k,- Other form fields and radion ¢ are assumed
to vanish at the zeroth order.

The metric for the background space time is given by

(0)

Sur=a’Mn,, = e ?n,, (27)

where € is the curvature radius of anti-de Sitter spacetime.
For this background, the equations for the four-form field
(14), (20), and (24) are solved exactly as,

~ — _ 4,2
Gya1a2a3a4 = TaKk y6a1a2a3a4’ (28)

where €,,q,4,q, 15 the Levi-Civita tensor with respect to
M4, While one in the previous section is with respect to
8- Hereafter we adopt the former convention. The ten-
sions on the two branes must have the same magnitude and

the opposite signature in order for the junction condi-
tions (21) and (24) to be satisfied, and

Y=Y = Y (29)

Then the bulk energy-momentum tensor at the zeroth order
is,

1
@Oy = (7 My GO
Here we must impose the Randall-Sundrum tuning,
L L S 42
- +A)+- =A+= =
<4K'y A) K'Y A T 0, (@31
so that the brane is Minkowski at the zeroth order. Finally,
from Egs. (30) and (31), the curvature radius € is expressed

in terms of the brane tension:

— = ——K. 32)

PHYSICAL REVIEW D 70, 123524 (2004)

B. Linear perturbation
First we consider the linear perturbation for the evolu-
tional equation of B, and C,,, and later their backreac-

tion to the gravity will be studied. In linear order Eqgs. (12)
and (13) become

3
+a20,H%,, + ZF .p€,** =0, (33)

a)’Hy,U«V v ¢
and
-2 a 3 af
aywa, +a aaF uv ZHyD(,BE,U,V = 0, (34)

where F®,, = n*fFg,,. Hereafter F*,, = n*fFg,,,
H*,, = n**Hg,,, and so on.
The constraint Egs. (18) and (19) are rewritten as

1
F,ul/o( = EE;LVaBapHyp,B’ (35)
and
H,,.=— ¢ PorF 36
pra EE,U.VLY ypB: ( )

Here note that we can impose the following gauge
conditions

B,, = Cy, =0, (37)

using the gauge transformations
y
Byy = By = Buy + aM]O dy'Byy(y', x)

y
- aNﬁ) dy'Byy(y', x), (38)

y
Cun — Clyy = Cun + an;) dy'Cyn(y', x)

y
— oy ﬁ 4y Cypr (3, ). (39)

Then

Hy,, = 9,B,, and F,,, =d,C,,.  (40)

B,, and *C,, are decomposed to
B,, =B, +0d,B, —d,Bl, 41)

and

% . 1 a % % % ~(T
CMV ':EG v 'BCaB = C;TUT/+ aM CZ_ 8,, CE‘)’

(42)

"
TT — qu*TT — T — T —

where #B,;, = 0**C,,, = d*B,, = d*C, = 0.
In momentum space, the field equations are

6
BB —a BT+ Ja, O =0, (4)
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6
e’ + 50,8 =0, (44)
2B + 8 T — g 45
your e 45
and
6
92T — a2t + ¢ 9,Bu"" = 0. (46)
The constraint equations become
€.
BT 4 < cim™ =, (47)
and
e+ Lo BT — g 48
) 6 yPu - Y% ( )
which are consistent with Egs. (44) and (45).
Substituting Eq. (47) into Eq. (43), we obtain
m — m 36 m
2B — a=22BU)T — EBL,,)TT =0. (49
In the same way, Eq. (44) with Eq. (48) leads to
oy —a e = =00 (50)
The junction conditions are
9,BIT ("), x) = —a,*CITL (v, x) = —2yBL)", (51)
and
ayBﬁ(y(t), x) = —ay*ClTL(y(i), x) = —szAf)T. (52)
In the above ,’Fﬁ) is decomposed to
Fo)w =80 + 6,8 — 0,80 + Fu)
= BL)T + 9,40 — 9,407, (53)

where Af)T = Aﬁf) + Bﬁf)T and Fﬁf,,) = BMAS,i) - ayAﬁf).
It should be noted that the superscript () denotes the
value evaluated on the D. brane.

Next we focus on the perturbed metric

ds? = (1 +2¢)dy* + (v, + h,,)dx*dx”
= (1 +2¢)ay* + (a®nyy + hijy = ¥upip)dxtdx”,
(54
T

where hﬁ,, is the transverse-traceless part of /.. Since the
bulk background spacetime is anti-de Sitter spacetime, the
Green function is exactly the same as that of the Randall-
Sundrum model. The difference is just presence of the bulk
form fields. Therefore we follow the argument of

Refs. [13,14] and then the perturbation h,, in the
Gaussian normal coordinate can be computed as
P T 2 55
h,lLV:h,LLV_Y,MV lvy_zg (X) ’ (55)
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where £°(x) is a brane-bending mode (radion field) and
B (y, x) = — 242 j ¥ Gy, x: 0, )|y IZ5)()
+ 2k2 fd4x’GR(y, X3 Yo, x’)l’ylEE;,,)(x’)

—2K? fdy’d4x’GR(y, xy, x’)8(5)TW(y’, x'),
(56)

where

=+ =+ 1 25(+ 1 25(+
S = 10! o5 (00,8 - 37,0280 67)

The first and second terms in the right-hand side of Eq. (56)
come from the D, and D_ brane, respectively. The third
one is the contribution from the bulk fields. In the above,
6(5)TM,, is the projected bulk stress tensor in the linear
order. Gy, is the five-dimensional retarded Green function

GR()’,XD’/:X/) = G%))(y)X;yl’x/) + GEQKK)()’,XD’/’X/), (58)

where
d*k . 1
G(O) X /’ N — ik-(x—x')
r 0 %Y, %) Q)¢ (1—a))
2 (2
2a(y) a(y )' . (59
k? — (w + i€)
and
d*k .
(KK) . _ ik (x—x'
Gy (y,x,y’,x’) = _f(27)4 k)
Uy (Y1t ()
X |d . (60
/ mmz-l-kz—(cu-kie)2 (60)

GS?) is the truncated retarded Green function for zero
mode. u,,(y) are the mode functions which are expressed
by Bessel functions, u,(y) o« Jy(m€)N,(mz)—
Ny(m€)J5(mz). )
In the present model, the equation for §5 becomes
N K2
PEW =T =0, (61)
that is, the radion is a massless scalar field.

The equation for ¢y comes from the Hamiltonian con-
straint equation:

31
- 5 ; 62¢ = K28(5)T¥, (62)
where
o1 . -
K2OOTY = o (HyapH, P + FropF,F)

1 L
- ﬁ(HwﬁHwﬁ + FuapFref).  (63)
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The relation between ¢ and ¢ comes from the traceless First it is easy to see that the solutions to the equations
part of the (u, ») component of five-dimensional Einstein ~ for gauge fields are
equation +)
q’/.l,l/ (y: -x) = ay,]/(-x)) (69)
Y= ¢~k (1/0°9#0"[69T, Junceless: (64)
and
W) = 2a 0 G)F) + B, (0)
C. Zero-mode truncation prYs ¢ YT wy My RED
In order to see the low-energy effective (gravitational)  using the junction condition at y = 0. a ur(x) and B, (x)
theory on the D brane, we will truncate zero mode care-  are constants of integration:
fully. Let us focus on the zero mode for B,, and C,,. © ©) , e +)
Introducing new variables Hypo(y, %) = 0yBuo(y, x) = —*ya ™) Frw,  (71)
P = gO 4 50O 65 ~ Ky o
w7 By = 7Ca O FO0.0 = 0,000 = =S a t0e,, B )
we obtain two linearly independent equations (72)
+ , 6 * The remaining junction condition then implies the rela-
2w =~ W) =0, 66 £J P
yORE T gy Y (66) tion between gauge fields on the two branes
The junction conditions are written by ag j—‘&[,,) = j—"ﬁv), (73)
9, (), x) = 0, (67) and
Ti = ag T4, (74)
(=) (y(= — 928 F(E)
3y W (y ), x) = 262y F uv: (68)| We also can compute the bulk stress tensor as
2 o(5) 1 -2 ya 1 yap 1 =2 i [ ya 1 I ryaB
k=0T =§Cl H,U,yozHI/ _ZnMVH)’a,BH +§(1 F,uyaFV _ZT’MVFyaﬁF
1 _ 1 1 _, /= - 1 L.
+ Za 4<HﬂaﬁHvaB - 6 n#VHaBpHaﬁp> + Za 4<F,uaBFvaﬁ - 6 nMVFaBPFaﬁp>
_62714(*‘) 174 a 1 a 174"’ Lo« 1 » o
—<Z> a T,UJ’ +Za <H/A0zﬁHV 'B_gn,uVHaﬁpH ﬂp)"‘za <F,uaﬁFV ﬂ_g'f]’u,,FaprF Bp), (75)

where H*PP = neknPryroq uvo- From Eq. (56) with Egs. (61), (74), and (75) we finally obtain the following linearized
equation on branes

9%h,,(y, x) = *hID — v, 0%

a*(y) a*(y)ag 6 a’(y)ag" — 1)

= k2 (+V) + 242 (*V) -9 T(t})
S L e r e LA T R
o G ol o g B poap L2 (5970
o1 _aZ) 0 y4a [ naBily napl v ]traceless 3K 77;;,1/( y)
0
2a%(y) 25(+) 2 25(=) a? o . 1 _, ap o B = op
- €(1 — az) |y|6MaV(§ - Clof ) - 26(1 _ a2) 0 dyZa [H,uoz,BHV + F,uozﬁFV ]traceless
0 0
2
+ §K27]M,,(5(5)T));)(0)
2a%(y) 2 as(—
== r_iz)wwﬂay(g“” — @387 + O(H2y0). (76)
0

The gauge fields localized on the branes do not appear as usual. The appropriate contribution from the boundary stress
tensor is exactly canceled out by that from the bulk stress tensor. The first term in the last line represents the physical degree
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of freedom of the distance between two branes.! In the

above (- - -)© represents the zero-mode part. For example,
(8OO is
¥

: 1 L
(89O = —ﬁ(HWﬁHwﬂ + FapFreP).  (17)

As mentioned before the difference between the usual
RS model and the present one is the contribution from the
bulk form field. In the present model, the brane carries the
charge so that the form fields have nontrivial configuration
with the source of the brane charge in the bulk. The whole
configuration of spacetimes and gauge fields is fixed to
realize the minimum energy in some sense. As a conse-
quence the bulk-boundary cancellation occurs in the cur-
rent setup with BPS.

One might be interested in the case with stabilized
radion. However it would be unlikely that the stabilization
improves the result because the radion affects only the
trace part in the coupling between the gravity and matters.
Anyway, the cancellation would be by virtue of the BPS
condition.

D. Massive modes of form fields

The mode function for BZ",,)TT

tion condition at y = y*) = 0, is

etc., satisfying the junc-

Jmtere Cnlsmte’t) — B, No(mte)

o oy A
where
a,, = m€Ns(m€) — 6Ng(m{), (79)
and
B, = mlJs(m€) — 6J¢(mf). (80)

m should be quantized by the junction condition at y =

y(7) = y,. For m€ > 1 and m€e" /¢ > 1, we obtain the
mass spectrum of

(%) - niT

m, = 7€(1 = oy’ 81)
After determination of correct normalization, for m€ << 1,
we can evaluate the contribution from massive modes to
the right-hand side of Eq. (56) as

1 /rg\3 [0\ 12 1
|K25(5)TMV|~—< °> (;) 1T < TS, (82)

S e\r Iz
where 7 is spatial scale of support of form field. Thus even
if we consider the contribution from the massive modes,
they will be negligible at low-energy scale.

'The redshift factor in the front of £ is expected in
Ref. [14].
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V. SUMMARY AND DISCUSSION

In this paper we derived the linearized gravitational
equation on the D brane and then it turned out that the
gauge fields do not couple to the gravity on the brane at
zero modes in a usual way. Instead, an unusual coupling
appears and it is negligible at large distances. We also
discussed the contribution from the Kaluza-Klein modes
which was shown to be also negligible at large distances.

The model which we considered is minimum extension
of the Randall-Sundrum-type model to the supergravity-
like one. Therein Z, symmetry and RS tuning are assumed.
In this model, RS tuning corresponds to the condition of
equality of brane tension and charge. It is likely that D
brane in BPS state does not provide us the realistic model
for the braneworld. As analyzed in Ref. [9], on the other
hand, it was shown that the coupling of the gravity to the
gauge fields will appear and the coupling constant is pro-
portional to the cosmological constant. Therefore non-BPS
state will be important for braneworld cosmology. We can
also consider the cases without Z, symmetry. For example,
a model considered in Ref. [1] does not have Z, symmetry.
So the careful study of the self-gravitational effect for such
a mode will be important.

ACKNOWLEDGMENTS

T. S. thanks Y. Imamura for useful discussion. The work
of T.S. was supported by Grant-in-Aid for Scientific
Research from Ministry of Education, Science, Sports
and Culture of Japan (No. 13135208, No. 14740155 and
No. 14102004). The works of Y.H. and K.T. were sup-
ported by JSPS.

APPENDIX: LONG-WAVE APPROXIMATION

In this appendix, we approximately solve the bulk field
equations by long-wave approximation (gradient expan-
sion [12]) and derive the effective theory on the brane. The
equation obtained here will include the nonlinear effect.
Thus we can obtain the same result with one obtained in
Sec. IV if we linearize the equation. This appendix can be
regarded as the extension of previous work [10] into the
general cases where we do not impose dC, = dB, = 0.

In the case with bulk fields we must carefully use the
geometrical projection method [17] because the projected
Weyl tensor E,, contains the leading effect from the bulk
fields.

The bulk metric is written again as,
ds? = 290 gdy? + 8 ur(y, X)dxtdx”. (AD)

The induced metric on the brane will be denoted by 4, :=
8u»(0, x) and then

€)= a2y, A, () + 2,,0,0 + ] (A2)
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In the above %)M,,(O, x) =0 and a(0,x) = 1. In a similar
way, the extrinsic curvature is expanded as

(0) (1) @

Ky =KE + KY + K + (A3)

The small parameter is € = (€/L)> < 1, where L and € are
the curvature scale on the brane and the bulk anti-de Sitter
curvature scale, respectively.

It is easy to obtain the zeroth order solutions. Without
derivation they are given by the Randall-Sundrum setup;
Egs. (32) and (31). Then

© 1
K, = —-68Y, (A4)

£

© —2d(yx
Suv = a2, D), (x) = e 2409/ (x), (AS5)
where
d(y, x) = fy dye®W™. (A6)
0

Gya1a2a3a4 is also given by Eq. (28).
Next we consider the first order equations. The first
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Together with the junction conditions on D, brane the
solutions are given by

(1)

Hy,u.u(y: X) = —K27a76e¢f£:r,,), (A9)
and
2 < 6 (+)
Fyu(y,x) = —5va e?€,p0 Fagh?®hP. (A10)

The remaining junction conditions on D_ brane imply the
relation between F.» ) and jF,W as

F) =aysF), (A11)
and then
T.) = ag 1), (A12)

where ay = a(yy, x) = e~ %W/¢ and dy(x) := d(yo, x).
Let us first substitute the junction conditions for H,,,,
and F',,, on the D, brane into the constraint equations of

Egs. (18) and (19). Then we see

order equations for I:"y/w and H,,,, ar D“(:Fﬁf,,) - ;ewalgC“ﬁ> =0, (A13)
0,F LM sGoronhPhE7 =0, (A7)
o= g e G717 =0 S B =0 (Al
and
where D, is the covariant derivative with respect to f,,,
@ L7 Using th Its the evolutional equation for th
O H 4 G herpBe — () A8 sing these results the evolutional equation for the
YRRy g4 FrapGypour ( )l traceless part of the extrinsic curvature is
o
e?0, Rl = —K R +RE(g) — ky2a 19TS — =3[ DA D, e | nosess (A15)
where The solution is summarized as
W € @ . 1
| 5 5 Ky (y,x) = Iy Ry (h) + EKz'}’a_mT(H’LV
- a
REGe) =—2[R*;<h) +—fD“Dyd+—2D”dTDyd} , 1
a € € traceless — a_z[D“DVd — —D”d@vd}
(A16) 4 traceless
y73
+ X gx), (A18)
a
and o « . s s
where y) is the “constant of integration.
The solution to the trace part of the extrinsic curvature is
1 1 ) 4
D#D,e?® = = DED,e? + I (D*e? D, d K(y,x) = — @VDR(h) szd + —(I)d)2 (A19)
+ DrdD,e? — 8 D*dD,e?). (A7) On the D, brane Egs. (A18) and (A19) become

R} (h) = h**R,,(h) is the Ricci tensor with respect to 4,
and T = h*°T,,.

ORY (h) =7 x¥ (%) (A20)

and
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0] 4
0=K(0x)=— 6(4)R(h). (A21)
They correspond to the Einstein equation on the brane
obtained in Ref. [17] and Y} is projected Weyl tensor
E,,. For the moment, x% (x) is an unknown term.

On D_ brane, Eq. (A18) becomes
< T = ¢
2 T g

4) _ K2
Rb(h) + 7a616yT(+)“V
0

- %[D“D,,do - l’D”dOD,,dO}
ag 4
N X (x)

4
ay

traceless

(A22)

and
(1) 1 5 1 5
ag aglt

All together we obtain the Einstein equation on D,
brane

2 1
(6162 - I)Gﬂv(h) :Z[D#DV(ZO _ZDMdODVdO:|

traceless

(A24)

The equation for radion becomes

PHYSICAL REVIEW D 70, 123524 (2004)

Thus the contribution from the gauge fields to gravity on
the brane does not exist at low-energy scale. Let us men-
tion the relation between this analysis and linear perturba-
tion. The radion perturbation corresponds to the brane

bending introduced in Eq. (55), that is, 9,0,d,~
9,0,(&F) — aZ£). Then Eqgs. (A24) and (A25) with-
out nonlinear terms coincide with Egs. (76) and (61) with-
out O(lewa) terms, respectively. Thus the results from
linear analysis and long-wave approximation are consis-
tent, as they should be.

Finally, let us define

v=1- €_2d0/€ and (U(‘P) = % (A26)

[NSRON]

Then the effective Einstein equations are rewritten as

1 w
G, (h) = [@ DDV + 2 @MWDVWLMSS
(A27)
and equation of motion for W is
1 dw
2 + - 2 —
D Y+ 3 T (DW¥)> =0, (A28)

which are equivalent to the Brans-Dicke theory.
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