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We consider the scalar perturbations of Eddington-inspired Born-Infeld braneworld models in this paper.
The dynamical equation for the physical propagating degree of freedom ξðxμ; yÞ is achieved by using the
Arnowitt-Deser-Misner decomposition method: F1ðyÞ∂2

yξþ F2ðyÞ∂yξþ ∂μ∂μξ ¼ 0. We conclude that the
solution is tachyonic-free and stable under scalar perturbations for F1ðyÞ > 0 but unstable for F1ðyÞ < 0.

The stability of a known analytic domain wall solution with the warp factor given by aðyÞ ¼ sech
3
4pðkyÞ is

analyzed and it is shown that only the solution for 0 < p <
ffiffiffiffiffiffiffiffi
8=3

p
is stable.
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I. INTRODUCTION

It is widely accepted that general relativity should be
modified in the ultraviolet regime, since the theory suffers
from various troublesome problems, such as the inevitable
singularities in cosmology and gravitational collapse [1],
and quantizing general relativity leads to a nonrenormaliz-
able quantum theory due to a dimensionful Newton’s
constant [2]. So some modified gravities may unveil the
corner of the unknown quantum gravity theory. It is well
known that Born-Infeld electrodynamics proposed in 1934
can remove the singularity of the electron’s self-energy [3].
In the late 1990s, Deser and Gibbons introduced the Born-
Infeld version of gravity theory [4], which is a pure metric
theory, i.e., the affine connection is given a priori by the
Christoffel symbols of the metric. Pure metric Born-Infeld
theories lead to fourth order equations and suffer the
ghostlike instability in general. Furthermore, the square
root determinant form of gravity could trace back to
Eddington’s pure affine theory, in which the affine con-
nection is the only dynamical field on the manifold.
Eddington’s theory is totally equivalent to general relativity
with a cosmological constant [5,6]. Inspired by Eddington
gravity, Bañados and Ferreira proposed a new Born-Infeld-
like theory called Eddington-inspired Born-Infeld (EIBI)
gravity [7]. Working in the Palatini formalism, in which the
metric and connection are regarded as independent fields,
the equations of motion are second order and the ghostlike
instabilities can be avoided [8,9]. The theory is totally
equivalent to general relativity in vacuum but differs from it

in the presence of matter. EIBI gravity approaches
Eddington’s theory in dense or high curvature regions;
hence, the theory presents some novel properties and
modifies the ultraviolet structures of the spacetime.
Especially, the annoying big bang singularities may be
avoided in this theory [7]. Therefore, EIBI gravity has
drawn a lot of attention and been widely studied in different
topics since its proposal. The cosmological singularity
problems (e.g., big bang singularity, big rip singularity)
in this gravity were discussed in Refs. [10–23]. The
cosmological and astrophysical constraints were consid-
ered in Refs. [24–28]. More cosmological issues, like the
large scale structure, inflationary solution, and so on, were
investigated in Refs. [29–42]. The compact objects were
studied in Refs. [43–56]. Some extensions of EIBI theory
were presented in Refs. [9,57–61]. For an introduction to
and summary of Born-Infeld inspired gravities, see a recent
review [62] and references therein.
In Refs. [63,64], the authors investigated the thick

brane solution in EIBI theory with a scalar field presenting
in the five-dimensional background. The analytic single-
kink solution and numerical double-kink solution were
achieved. The transverse-traceless tensor perturbation was
studied. It was shown that the tensor perturbation is stable
and the graviton zero mode is localized on the brane,
which results in the four-dimensional Newtonian poten-
tial. However, it is still not clear whether the scalar
perturbations are stable and the scalar zero modes are
localized on the brane. It is known that a localized
scalar zero mode would lead to an unacceptable four-
dimensional long-range force on the brane. Therefore, in
order to recover Einstein’s general relativity on the brane
in the low-energy effective theory, it is required that the
scalar perturbations are stable and the scalar zero modes
are not localized on the brane.
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In this paper, we further investigate the scalar perturba-
tions of the EIBI braneworld solution. In Ref. [65], the
authors developed a method to deal with the scalar
perturbations of a flat EIBI universe. However, by taking
advantage of the bimetric version of EIBI gravity, here
we would utilize another convenient way, namely, the
Arnowitt-Deser-Misner (ADM) decomposition method,
to get rid of the redundant degrees of freedom in the scalar
perturbations.
The paper is organized as follows. In Sec. II, the

background equations of the EIBI branewold model are
derived. In Sec. III, the linear scalar perturbations on the
EIBI branewold background are considered, and by ana-
lyzing the equations of motion of the physical scalar
propagating degree of freedom, the stability condition
for scalar perturbations is achieved. In Sec. IV, the stability
of an analytic domain wall solution is analyzed. Finally,
conclusions are presented.

II. BACKGROUND EQUATIONS

We start from the bimetric version of the EIBI action
with g the spacetime metric and q the auxiliary metric,
which is given by [9,14,65]

S ¼ 1

2κ

Z
ddþ1x

� ffiffiffiffiffiffi
−q

p �
RðqÞ − d − 1

b

�

þ 1

b
ð ffiffiffiffiffiffi

−q
p

qMNgMN − 2λ
ffiffiffiffiffiffi
−g

p Þ
�
þ SMðφ; gÞ; ð1Þ

where the Ricci scalar RðqÞ≡ qμνRμν, κ≡ 8πG5 ¼ 1, d
refers to the number of spatial dimensions, and b is a
constant with inverse dimension to that of the cosmological
constant. For the thick brane model, one usually considers
the background matter to be the standard self-interacting
scalar field, i.e.,

SMðφ; gÞ ¼
1

2

Z
ddþ1x

ffiffiffiffiffiffi
−g

p ½−ð∇φÞ2 − VðφÞ�: ð2Þ

By varying the action with respect to the metrics g and q,
respectively, one arrives at the same equations of motion as
in the Palatini formulation [7]

ffiffiffiffiffiffi
−q

p
qMN ¼ λ

ffiffiffiffiffiffi
−g

p
gMN − b

ffiffiffiffiffiffi
−g

p
TMN; ð3Þ

qMN ¼ gMN þ bRMN: ð4Þ

The background ansatz for the most general metric
which preserves d-dimensional Poincaré invariance is

ds2 ¼ gMNdxMdxN ¼ dy2 þ a2ðyÞημνdxμdxν; ð5Þ

where aðyÞ is the warp factor. Thus, the corresponding
auxiliary metric is given by

d~s2 ¼ qMNdxMdxN ¼ X2ðyÞdy2 þ Y2ðyÞa2ðyÞημνdxμdxν:
ð6Þ

To simplify the notation, we define Y2ðyÞa2ðyÞ≡ e2ρðyÞ. In
order to be consistent with the d-dimensional Poincaré
invariance of the metric, we assume that the scalar field
depends only on the extra dimension, i.e., φ ¼ φðyÞ.
With these metrics, Eqs. (3) and (4) give

λ

b
−

_φ2

2
þ V −

Yd

bX
¼ 0; ð7Þ

λ

b
þ _φ2

2
þ V −

XYd−2

b
¼ 0; ð8Þ

1þ ðd − 1ÞX2 − d
X2

Y2
þ bdðd − 1Þ_ρ2 ¼ 0; ð9Þ

where the dot denotes the derivative with respect to the
extra dimension, y.
In order to consider the scalar perturbations around the

background brane metrics, it is more convenient to proceed
by working in the ADM formalism [66]. Because most
redundant degrees of freedom act as Lagrange multipliers
in this formalism, the physical propagating degrees of
freedom are easy to be read off from some nondynamical
equations.
The background spacetime metric gMN and auxiliary

metric qMN in the ADM formalism are given by

ds2 ¼ gMNdxMdxN

¼ N2dy2 þ Gμνðdxμ þ NμdyÞðdxν þ NνdyÞ; ð10Þ

d~s2 ¼ qMNdxMdxN

¼ n2dy2 þQμνðdxμ þ nμdyÞðdxν þ nνdyÞ: ð11Þ

where

N ¼ 1; Nμ ¼ 0; Gμν ¼ a2ðyÞημν;
n ¼ XðyÞ; nμ ¼ 0; Qμν ¼ Y2ðyÞa2ðyÞημν: ð12Þ
So in the ADM formalism the bimetric EIBI action (1) is
formulated as

S¼ 1

2

Z
ddþ1x

� ffiffiffiffiffiffiffiffi−Qp
b

�
nbRðdÞ− ðd− 1ÞnþnQμνGμνþ

N2

n

−
b
n
ðEμνEμν−E2Þ−Gμν

n
ð2nμNν −NμNν−nμnνÞ

�

−
ffiffiffiffiffiffiffiffi−Gp �

2λ

b
Nþ 2NVþN−1ð _φ−Nμ∂μφÞ2

þNGμν∂μφ∂νφ

��
; ð13Þ

where RðdÞ and Eμν are
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R ¼ RðdÞ − N−2ðEμνEμν − E2Þ; ð14Þ

Eμν ¼
1

2
ð _Qμν −∇μNν −∇νNμÞ; ð15Þ

E ¼ Eμ
μ: ð16Þ

From the ADM action, it is obvious to see thatQμν and φ
are the dynamical variables, while other variables n, N, nμ,
Nμ, and Gμν are nondynamical and can be regarded as the
Lagrange multipliers. Thus, the equations of motion for n,
N, nμ, Nμ, and Gμν just play the roles of Hamiltonian
constraints, which are listed as follows:

bRðdÞ − ðd − 1Þ þ b
n2

ðEμνEμν − E2Þ þGμν

n2
ð2nμNν − NμNν − nμnνÞ

þQμνGμν −
N2

n2
¼ 0: ð17Þ

ffiffiffiffiffiffiffiffi−Qp
b

2N
n

−
ffiffiffiffiffiffiffiffi−Gp �

2λ

b
þ 2V −

1

N2
ð _φ − Nμ∂μφÞ2 þ Gμν∂μφ∂νφ

�
¼ 0: ð18Þ

∇μ

�
b
n
ðEμλ −QμλEÞ

�
þ Gλμ

n
ðNμ − nμÞ ¼ 0: ð19Þ

ffiffiffiffiffiffiffiffi−Qp
b

Gμλ

n
ðnμ − NμÞ −

ffiffiffiffiffiffiffiffi−Gp

N
ð _φ − Nμ∂μφÞ∂λφ ¼ 0: ð20Þ

ffiffiffiffiffiffiffiffi−Qp
b

½nQμν − n−1ð2nμNν − NμNν − nμnνÞ� þ
ffiffiffiffiffiffiffi
−G

p
NGμλGνρ∂λφ∂ρφ

−
1

2

ffiffiffiffiffiffiffiffi−Gp
Gμν

�
2λ

b
N þ 2NV þ N−1ð _φ − Nλ∂λφÞ2 þ NGλρ∂λφ∂ρφ

�
¼ 0: ð21Þ

These equations are obtained from the background metric.
By linearly perturbing these background constraints, we
will get the constraints for the linear perturbations.

III. SCALAR PERTURBATIONS

It is well known that the linear perturbations around
the background metric can be decomposed into scalar,
transverse vector, and transverse-traceless tensor modes
(the so-called “scalar-tensor-vector decomposition") due
to the tensor structure of the equations of motion. After
performing the scalar-tensor-vector decomposition, the
three kinds of modes decouple with each other. Thus,
we will only include the scalar perturbations in the
metric. The scalar perturbations in the two metrics are
assumed to be

δφ ¼ ζ; δN ¼ Φ; δNμ ¼ a2ðyÞ∂μΨ;

δGμν ¼ a2ðyÞð2Ξημν þ ∂μ∂νΘÞ; ð22aÞ

δn ¼ XðyÞϕ; δnμ ¼ Y2ðyÞa2ðyÞ∂μψ ;

δQμν ¼ Y2ðyÞa2ðyÞð2ξημν þ ∂μ∂νθÞ: ð22bÞ

Here we note that the diffeomorphism ensures that the
action (1) is invariant under the coordinate transformation

x0M ¼ xM þ ϵM with ϵM ¼ ðϵμ; ϵ5Þ an arbitrary (dþ 1)-
dimensional vector. In the language of gauge trans-
formations, these perturbations transform as

δζ ¼ − _φϵ5; δΦ ¼ −_ϵ5; δΨ ¼ a−2
�
2
_a
a
ϵs − _ϵs − ϵ5

�
;

δΞ ¼ −
_a
a
ϵ5; δΘ ¼ −2a−2ϵs; ð23aÞ

δϕ ¼ _Xϵ5 − X_ϵ5; δψ ¼ a−2
�
2
_a
a
ϵs − _ϵs −

X2

Y2
ϵ5

�
;

δξ ¼ −_ρϵ5; δθ ¼ −2a−2ϵs; ð23bÞ

where ϵμ ¼ ∂μϵ
s þ ϵVμ with ∂μϵVμ ¼ 0, and ϵM ¼ gMNϵ

N .
Here ϵs and ϵ5 are two arbitrary infinitesimal functions;
thus, there are two gauge freedoms in these scalar
perturbations. Now in order to fix the gauge freedoms,
we work in the unitary gauge, i.e., we choose ϵ5 and ϵs

to set ζ ¼ θ ¼ 0. This is because these two perturbations
are related to dynamical variables QMN and φ. After
gauge fixing, the only dynamical perturbation is ξ, whose
equation of motion can be obtained from the perturbed
equations.
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Then, the linear perturbation of Eq. (17) gives

−
bðd − 1Þ

a2
∂2ξþ dðΞ − ξÞ − Y2

X2
Φþ ðd − ðd − 1ÞY2Þϕ

þ bðd − 1Þ Y
2

X2
_ρð∂2ψ − d_ξÞ þ 1

2
∂μ∂μΘ ¼ 0: ð24Þ

The linear perturbations of Eqs. (18), (19), and (20) give

ϕ − dðξ − ΞÞ −
�
2 −

X2

Y2

�
Φþ 1

2
∂μ∂μΘ ¼ 0; ð25Þ

∂λ

�
_ρϕ − _ξþ a2

bðd − 1Þ ðΨ − ψÞ
�
¼ 0; ð26Þ

∂λðψ −ΨÞ ¼ 0: ð27Þ

The perturbed part proportional to δμν of the constraint
equation (21) gives

ϕþ ðd − 2Þðξ − ΞÞ − Y2

X2
Φ −

1

2
∂μ∂μΘ ¼ 0: ð28Þ

The other part of the constraint equation (21) in the form of
∂μ∂νS (where S is any scalar) simply gives

∂μ∂νΘ ¼ 0: ð29Þ

The above equations give the Hamiltonian constraints for
the scalar perturbations, and these constraints ensure that
one can eliminate the remaining nonphysical degrees of
freedom. On the other hand, since the matter is covariantly
coupled to the metric g, the matter conservation equation
∇MTMN ¼ 0 holds, where the covariant derivative refers to
the spacetime metric g. The conservation equation leads to
a scalar field equation □

ðdþ1Þφ − dVðφÞ=dφ ¼ 0. So up to
first order perturbation, the scalar field equation gives

∂2Ψ − d _Ξþ _Φþ 2

�
d
_a
a
þ φ̈

_φ

�
Φ ¼ 0: ð30Þ

First, from the constraint equations (27) and (29), we
have

Θ ¼ 0; Ψ ¼ ψ : ð31Þ

Then Eq. (26) simply gives

ϕ ¼
_ξ

_ρ
: ð32Þ

Further, from Eqs. (24) and (28), we have

∂2Ψ ¼ d_ξþ X2

a2Y2 _ρ
∂2ξþ X2

bY2 _ρ
½ðY2 − 1Þϕþ 2ðξ − ΞÞ�:

ð33Þ

By substituting Eq. (33) into Eq. (30), we get

X2

a2Y2 _ρ
∂2ξþ dð_ξ − _ΞÞ þ 2

X2

bY2 _ρ
ðξ − ΞÞ þ X2

bY2 _ρ
ðY2 − 1Þϕþ _Φþ 2Φ

�
d
_a
a
þ φ̈

_φ

�
¼ 0: ð34Þ

Then eliminating ξ − Ξ with Eq. (28), we have

X2

a2Y2 _ρ
∂2ξ −

d
d − 2

_ϕþ X2

bY2 _ρ

�
Y2 −

d
d − 2

�
ϕþ

�
1þ d

d − 2

Y2

X2

�
_Φ

þ 2

�
d
_a
a
þ φ̈

_φ
þ 1

d − 2

1

b_ρ
þ d
d − 2

Y2

X2

�
_Y
Y
−

_X
X

��
Φ ¼ 0: ð35Þ

Moreover, the combination of Eqs. (25) and (28) gives

Φ ¼ 2ðd − 1Þϕ=F0; ð36Þ

where F0 ≡ 2ðd − 2Þ − ðd − 2Þ X2

Y2 þ d Y2

X2.
So after eliminating Φ, the perturbed equation can be rewritten as

�
X2

bY2 _ρ

�
Y2 −

d
d − 2

�
− 2ðd − 1Þ

�
1þ d

d − 2

Y2

X2

�
_F0

F2
0

þ 4ðd − 1Þ
F0

�
d
_a
a
þ φ̈

_φ
þ 1

d − 2

1

b_ρ
þ d
d − 2

Y2

X2

�
_Y
Y
−

_X
X

���
ϕ

−
�

d
d − 2

−
2ðd − 1Þ

F0

�
1þ d

d − 2

Y2

X2

��
_ϕþ X2

a2Y2 _ρ
∂2ξ ¼ 0: ð37Þ
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Finally, by utilizing the relation (32) to eliminate ϕ, we arrive at the expected dynamical equation with only one physical
propagating degree of freedom ξ, i.e.,

F1ðyÞ ̈ξþ F2ðyÞ_ξþ ∂2ξ ¼ 0; ð38Þ

where

F1ðyÞ ¼ −
a2Y2

X2

�
d

d − 2
−
2ðd − 1Þ

F0

�
1þ d

d − 2

Y2

X2

��
; ð39Þ

F2ðyÞ ¼ −F1

ρ̈

_ρ
þ a2

b_ρ

�
Y2 −

d
d − 2

�
−
a2Y2

X2

�
2ðd − 1Þ

�
1þ d

d − 2

Y2

X2

�
_F0

F2
0

−
4ðd − 1Þ

F0

�
d
_a
a
þ φ̈

_φ
þ 1

d − 2

1

b_ρ
þ d
d − 2

Y2

X2

�
_Y
Y
−

_X
X

���
: ð40Þ

We recall that diffeomorphism generates the gauge
transformation invariance as shown in (23), where ξ and
ζ transform as δξ ¼ −_ρϵ5 and δζ ¼ − _φϵ5. Thus, one can
construct a gauge-invariant combination R ¼ ξ − _ρ

_φ ζ.
Since we work in unitary gauge, where φ is frozen
to its background value δφ ¼ ζ ¼ 0, the gauge-invariant
variable R is just identical to the metric perturbation ξ.
Therefore, Eq. (38) describes the scalar perturbation in a
gauge-independent way.
In order to analyze the stability under the scalar

perturbation, we decompose ξðx; zÞ as

ξðx; yÞ ¼ ~ξðxÞχðyÞ: ð41Þ

Because of the manifest d-dimensional Poincaré in-
variance in the metric (5), the field ~ξðxÞ satisfies
the d-dimensional Klein-Gordon equation ∂2 ~ξðxÞ ¼
m2

n
~ξðxÞ, with mn being the observed d-dimensional

effective mass of the scalar Kaluza-Klein (KK) excita-
tions ~ξðxÞ. This is the so-called KK decomposition.
Then Eq. (38) is rewritten as

F1ðyÞχ̈ þ F2ðyÞ_χ þm2
nχ ¼ 0: ð42Þ

In order to eliminate the prefactor of the second
derivative term F1, for F1ðyÞ > 0 we make a coordi-
nate transformation as dz ¼ dy=

ffiffiffiffiffiffi
F1

p
; then Eq. (42) is

rewritten as

d2χðzÞ
dz2

þ F3ðzÞ
dχðzÞ
dz

þm2
nχðzÞ ¼ 0; ð43Þ

where F3ðzÞ≡ F2ffiffiffiffi
F1

p − F0
1

2F1
with the prime denoting the

derivative with respect to the extra dimension coordinate, z.
Further, to eliminate the first derivative term in Eq. (43),

we decompose χ as

χðzÞ ¼ e−
R

F3
2
dzϒsðzÞ: ð44Þ

Then we arrive at a Schrödinger-like equation

−ϒ00ðzÞ þ VðzÞϒðzÞ ¼ m2
nϒðzÞ; ð45Þ

where the effective potential VðzÞ is given by

VðzÞ ¼ F0
3

2
þ F2

3

4
: ð46Þ

This Hamiltonian can be factorized as a supersymmetric
quantum mechanics form

H ¼ −∂2
z þ VðzÞ ¼ A†A ¼

�
∂z þ

F3

2

��
−∂z þ

F3

2

�
:

ð47Þ

It is easy to see that the eigenvalues of H are non-negative
for the Neumann boundary condition, i.e.,

m2
n

Z
dzjϒðzÞj2 ¼

Z
dzϒ†Hϒ ¼

Z
dzϒ†

�
∂⃗z þ

F3

2

��
−∂⃗z þ

F3

2

�
ϒ

¼
Z

dzϒ†
�
−∂⃖z þ

F3

2

��
−∂⃗z þ

F3

2

�
ϒþ

Z
dz∂z

�
ϒ†

�
−∂⃗z þ

F3

2

�
ϒ

¼
Z

dzjAϒj2 þϒ†AϒjBoundary: ð48Þ
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For the Neumann boundary condition ∂zξðx;zÞjBoundary¼ 0,
which simply reduces to AϒjBoundary ¼ 0, the eigenvalues
are non-negative, m2

n ≥ 0. So the system is stable under
scalar perturbations.
However, for F1ðyÞ < 0 the coordinate transformation

is dz ¼ dy=
ffiffiffiffiffiffiffiffiffi
−F1

p
, so the Schrödinger-like equation is

given by

~HϒðzÞ ¼
�
∂z þ

~F3

2

��
−∂z þ

~F3

2

�
ϒðzÞ ¼ −m2

nϒðzÞ;

ð49Þ

where ~F3ðzÞ ¼ −F2ffiffiffiffiffiffi
−F1

p − F0
1

2F1
. Then the self-adjoint

Hamiltonian gives non-negative eigenvalues −m2
n ≥ 0,

i.e., m2
n ≤ 0. Thus, there are tachyonic modes, and the

system is unstable under the scalar perturbations.
If F1 vanishes, Eq. (39) gives X2 ¼ ð1�

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − d2

p
ÞY2=d.

This implies that there is no real root. However, the
spacetime metric must be real, so this case is excluded.
In summary, the sufficient condition for the system to be

stable under linear scalar perturbations is F1ðyÞ > 0.

IV. STABILITY OF EIBI BRANE SOLUTIONS

An analytic domain wall brane solution of five-
dimensional EIBI gravity was given by Refs. [63,64],
where the solution is read as

aðyÞ ¼ sech
3
4pðkyÞ; ðp > 0Þ; ð50Þ

φ0ðyÞ ¼ Ka2pðyÞ; ð51Þ

X2ðyÞ ¼ ðbK2Þ23
�
pþ 1ffiffiffiffi

p
p

�4
3

a
8p
3 ðyÞ; ð52Þ

Y2ðyÞ ¼ ðbK2Þ23
�
pþ 1

p2

�1
3

a
8p
3 ðyÞ; ð53Þ

where the parameters b > 0, k ¼ 2pffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3bð3þ4pÞ

p , and K ¼
� ð1þ4p=3Þ3=4

pþ1

ffiffiffip
b

p
. It has been shown that the tensor pertur-

bation is stable and the graviton zero mode can be localized
on the brane for any positive p [63,64], which will result in
the four-dimensional Newtonian potential.
With this solution, F1ðyÞ is calculated as

F1ðyÞ ¼
ð8þ 8pþ 5p2Þ
ð1þ pÞð8 − 3p2Þ a

2ðyÞ: ð54Þ

It is clear that F1ðyÞ is positive if and only if
0 < p <

ffiffiffiffiffiffiffiffi
8=3

p
. Thus, only the solution with 0 < p <ffiffiffiffiffiffiffiffi

8=3
p

is tachyonic-free and stable under scalar
perturbations.

Furthermore, in order to recover the familiar four-
dimensional gravity at low energy, the scalar zero mode
(i.e., m ¼ 0) should not be localized on the brane; other-
wise it would lead to an unacceptable long-range force. We
show the potential, Eq. (46), of the Schrödinger-like
equation in Fig. 1 for some values of parameters p and
b as examples. The potential is convex and positive
everywhere, and approaches zero when jzj → ∞. Thus,
the spectrum is continuous and starts from m2 > 0.
Especially, the potential blows up at the origin, because
_ρð0Þ ¼ 0 which appears in the denominator of F3. Because
of the infinite barrier, all the eigenfunctions will be sup-
pressed to zero at the origin and turn into plane waves
where they are far away from the brane. So although the
potential is singular, the wave function is regular every-
where. Any scalar perturbations will be totally reflected
back to infinity. Therefore, none of the scalar modes are
localized on the brane and they will not contribute to the
interaction of the particles on the brane at low energy.

V. CONCLUSIONS

In this paper, we have investigated the linear scalar
perturbations of the EIBI braneworld model using the
ADM decomposition method, which is proved to be a
convenient way to fix the gauge freedoms and to remove
the nonphysical degrees of freedom in this theory. The
application in cosmological perturbations is just straight-
forward. After some cumbersome but simple algebra,
the equation of motion for the physical perturbation ξ
was achieved. Further, with the KK decomposition, we
obtained a Schrödinger-like equation with mass square
of the KK excitations as the eigenvalue. It was shown that
the stability condition of the linear scalar perturbations for
the EIBI braneworld model is F1ðyÞ > 0. Finally, the
stability of an analytic domain wall solution was analyzed
under this criterion. We found that only the solution with

FIG. 1. The potential VðzÞ with the parameters p ¼ ffiffiffi
2

p
, b ¼ 1

(dotted line), p ¼ 1, b ¼ 1 (thick line), and p ¼ 1, b ¼ 5
(dashed line).
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0 < p <
ffiffiffiffiffiffiffiffi
8=3

p
is stable under linear scalar perturbations

and there is no unacceptable new long-range force in
this model.
We have shown that the ADM decomposition method is

useful for dealing with the scalar perturbation of EIBI
theory. Actually, this method is also applicable for more
general Palatini theories. Here we take the Palatini fðRÞ
theory as an example, where R≡ gMNRMNðΓÞ. By intro-
ducing an auxiliary metric qMN ¼ ϕ2=3gMN with
ϕ≡ dfðRÞ=dR, which is compatible to the affine con-
nection Γ, the theory can be expressed as a bimetric
version. Further, by rewriting Rðqðg;ϕÞÞ ¼ RðgÞ þ � � �
and imposing a conformal transformation gMN → ~gMN ¼
ϕ2=3gMN , one arrives at the well-known Einstein frame of
fðRÞ theory, in which a Ricci scalar minimally couples
to a “new” scalar degree of freedom ϕ [67]. Now it is

straightforward to apply the ADM decomposition method.
The scalar perturbation for braneworld models in more
general Palatini theories, such as fðRðMNÞðΓÞ; gMNÞ [60], is
left for our future work.
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