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Background solution

The RS model is defined by the metric

ds2 = e2A(z)ηMNdxMdxN,

where z = x5. The solution to the Einstein equation with a
delta-like brane is

A = − ln(k|z| + 1)

Solution with a topological defect were found such that

limz→∞A = − ln(k|z| + 1)

The question is: are the fields confined to the brane?
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Schroedinger-like equation

The general field equation is given by

ÔΦ(x, z) = 0, (1)

By separation of variables we get

Ô4dφ(x)
φ(x)

= −
Ôzψ(z)
ψ(z)

Ô4dφ(x) = −m2φ(x)

and
Ôzψ(z) = m2ψ(z).
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Ô4dφ(x)
φ(x)

= −
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Schroedinger-like equation

The solutions of the second equation above therefore give us
the allowed masses in the visible brane. The best way to study
this equation is to transform it in a Schroedinger -like equation(

−
d2

dz2 + U(z)
)
ψ(z) = m2ψ(z), (2)

∫
ψ

2
dz = finite

which is like the square integrable condition of quantum
mechanics.
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Fields

gravity:

U(z) =
3
2

A′′ +
9
4

A′2 =
15
4

1
|z| + 1

+ 3δ(z) (3)

with ψ = (k|z| + 1)−
3
2 , which is localized. gauge field

U(z) =
1
2

A′′ +
1
4

A′2 =
3
4

1
|z| + 1

+ δ(z)

with ψ = (k|z| + 1)−
1
2 Not localized!
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Dilaton

S =

∫
d5x
√

−Ge−λπ[FM1M2FM1M2], (4)

where FM1M2 = ∂[M1AM2] is the field strength of the gauge field.
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Scalar Fields

S =

∫
d5x
√

−G[f (φ)FM1M2FM1M2 + φ′2 − V(φ))], (5)
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Quasi-localized models

A boundary term was added by Dvali et al

S =

∫
d5x
√

−G[FM1M2FM1M2 +
1
m
δ(z)FµνFµν], (6)

Localization is attained just for m→∞.

Geova Maciel de Alencar Non-minimal Couplings in Randall-Sundrum Scenarios.



Quasi-localized models

A boundary term was added by Dvali et al

S =

∫
d5x
√

−G[FM1M2FM1M2 +
1
m
δ(z)FµνFµν], (6)

Localization is attained just for m→∞.

Geova Maciel de Alencar Non-minimal Couplings in Randall-Sundrum Scenarios.



Adding a mass

S =

∫
d5x
√

−G[FM1M2FM1M2 + M2A2], (7)

From the antisymmetry of F we still have

∇MXM = 0.

and we get identities like

∇µXµ + ∇5Φ = 0.

Splinting the field as

Aµ
T = (δµν −

∂µ∂ν
�

)Aν,Aµ
L =

∂µ∂ν
�

Aν

we get a massless gauge invariant field decoupled from Φ.
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Adding a boundary mass

The potential is modified to

U(z) =
3/4 + M2

|z| + 1
+ δ(z)

with ψ = (k|z| + 1)−
1
2−M2

!Localized? The boundary is fixes
M = 0!To modify the boundary condition Ghoroku introduced
in the action a boundary term cδ(z)X2. A precise relation
between c and M was found.
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Ghoroku model for p−forms
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Covariant origin of Ghoroku action

What is the smooth version of Ghoroku model? remember that

R = −4(2A′′ + 3A′2)e−2A = 16kδ(z) − 20k2

This could provides an smooth version just by using A in all
places.
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Gauge field case

S =

∫
d5x
√

−G[FM1M2FM1M2 + γ1RA1], (8)

repeating the procedure we get

U =
1
2

A′′ +
1
4

A′2 − γRe2A

if we choose γ = 1/16 we get

U = A′′ + A′2

with ψ = eA. Therefore for any A recovering RS for large z our
solution is localized!!
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Geometrical coupling paper
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Geometrical coupling for p−forms

For p−forms we get the solution epA
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ELKO spinor case
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Linearized solution

Non-abelian Gauge invariance is lost since
∫
ψ3dz ,

∫
ψ4dz.

Batell et al solved the problem merging the Dvali and Ghoroku
models

S = −
1

4e2
5

∫
d5x
√
−g

[
TrFa

MNFMNa + βδ(z)TrFa
µνF

µνa
]

−
1
2

∫
d5x
√
−gM2(z)TrAa

MAMa (9)

They found β and the parameters of M such that the gauge
invariance is recovered in 4D.
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Origin of the action?

The origin of M(z) was found by us. And about the boundary
term for F? Germani found the geometrical origin of the Dvali
model. He introduced the non-minimal coupling

S = −
1

4e2
5

∫
d5x
√
−g

[
TrFa

MNFMNa + γ1∆AB
CDTrFa

ABFCDa
]
, (10)

where ∇A∆...A... = 0 and

∆AB
CD ≡

1
8

RAB
CD −

1
2

R[A
[Cδ

B]
D] +

1
8

Rδ[A
[Cδ

B]
D]. (11)

The model is covariant but still ”quasi-localized”. Is it possible
to localize AND keep gauge invariance with general A?
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A propose

S = −
1

4e2
5

∫
d5x
√
−g

[
TrFa

MNFMNa + γ1∆AB
CDTrFa

ABFCDa
]

−
γ2

2

∫
d5x
√
−gRTrAa

MAMa, (12)
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