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Background solution

The RS model is defined by the metric
ds? = eZA(Z)nMNddexN ,

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

A =—In(klz| + 1)
Solution with a topological defect were found such that
lim, A = —In(k|z| + 1)
The question is: are the fields confined to the brane?
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Schroedinger-like equation
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Schroedinger-like equation

The general field equation is given by

Od(x,z) =0, 1)
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Schroedinger-like equation

The general field equation is given by
Od(x,z) =0, 1)
By separation of variables we get

Os1p(x) _ _0:9(2)
P(x) Y(z)
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Schroedinger-like equation

The general field equation is given by
Od(x,z) =0, 1)
By separation of variables we get

Os1p(x) _ _0:9(2)
P(x) Y(z)

Osap(x) = —m?ep(x)
and

O:1(z) = m*Y(2).
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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

2 J— p—
(- 15 + ue) |7 = 0, @
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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

2 J— p—
(- 15 + ue) |7 = 0, @

f Ezdz = finite

which is like the square integrable condition of quantum
mechanics.
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gravity:
_ 3 ” 9 2 _ E 1
U(z) = 2A + 4A =1 2+ 1 + 30(z) 3)

with 1 = (k|z| + 1)~2, which is localized.
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gravity:
v 9.0 1561
U(z) = A + 4A vy o+

-+ 35(2) 3)

with ¢ = (k|z| + 1)~2, which is localized. gauge field

1,1 3
Uz) = A" + 74" = 4|z|

+06(2)

with 1 = (k|z| + 1)"2Not localized!
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S:fd5x V=Ge M [Fpp,a, FM1M2], 4)

where Fag,m, = dpv, Any) is the field strength of the gauge field.
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Scalar Fields

Geova Maciel de Alencar N U



Scalar Fields

5= deX \/I[f((p)FMleFMlMZ + qblz - V(¢))]’ (5)




Quasi-localized models
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Quasi-localized models

A boundary term was added by Dvali et al
S = f d°x V=G[Fpg,pm, FMM2 + %6(2)FHVFW], (6)

Localization is attained just for m — co.
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Adding a mass
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Adding a mass

S= f dx V=G[Fp,a, MM + M?A?], @)
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Adding a mass

S= f d°x V=G[Far,n, P2 + M2A?], )
From the antisymmetry of F we still have
VXM = 0.
and we get identities like

VY, XH + V50 = 0.
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Adding a mass

S= f d°x V=G[Far,n, P2 + M2A?], )
From the antisymmetry of F we still have
VXM = 0.
and we get identities like
VXt +Vs® = 0.
Splinting the field as

a'a, 88

Ap =0y = =AY AL =

we get a massless gauge invariant field decoupled from ®.

Al
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Adding a boundary mass
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Adding a boundary mass

The potential is modified to

_ 3/4+M?

U(z) = . + 0(2)

\
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Adding a boundary mass

The potential is modified to

_ 3/4+M?

U(z) = . + 0(2)

with ¢ = (klz] + 1)"2"M*1Localized?
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Adding a boundary mass

The potential is modified to

_ 3/4+M?
U@ ==

+06(z)

with ¢ = (k|z| + 1)‘%‘MZ!Localized? The boundary is fixes

M = 0!To modify the boundary condition Ghoroku introduced
in the action a boundary term c5(z)X?. A precise relation
between ¢ and M was found.
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Ghoroku model for p—forms

Massive p—form trapping as a p—form on a brane

L. C. Jardim,'[*] G. Alencar,"{{| R. R. Landim,'{* and R. N. Costa Filho'{f|

! Departamento de Fisica, Universidade Federal do Ceard,
Caiza Postal 6030, Campus do Pici, 60455-760 Fortaleza, Ceard, Brazil

It is shown here that the zero mode of any form field can be trapped to the brane using the
model proposed by Ghoroku and Nakamura. We start proven that the equations of motion can be
obtained without splitting the field in even and odd parts. The massive and tachyonic cases are
studied revealing that this mechanism only traps the zero mode. The result is then generalized to
thick branes. In this scenario, the use of a delta like interaction of the quadratic term is necessary
leading to a “mixed” potential with singular and smooth contributions. It is also shown that all
forms produces an effective theory in the brane without gauge fixing. The existence of resonances
with the transfer matrix method is then discussed. With this we analyze the resonances and look for
peaks indicating the existence of unstable modes. Curiously no resonances are found in opposition
of other models in the literature. Finally we find analytical solutions for arbitrary p—forms when a
specific kind of smooth scenario is considered.

. \
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Covariant origin of Ghoroku action
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Covariant origin of Ghoroku action

What is the smooth version of Ghoroku model?
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Covariant origin of Ghoroku action

What is the smooth version of Ghoroku model? remember that

R = —4(2A"” +3A"%)e24 = 16k (z) — 20k>
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Covariant origin of Ghoroku action

What is the smooth version of Ghoroku model? remember that
R = —4(2A"” +3A"%)e24 = 16k (z) — 20k>

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

S= f d°x V=G[Fpa, F"™M2 + 91 RAY], ®)

repeating the procedure we get

_1 1" 1 72 2A
u= 2A +4A YRe
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Gauge field case

S= f d°x V=G[Fpa, F"™M2 + 91 RAY], ®)

repeating the procedure we get

_1 1" 1 72 2A
u= 2A +4A YRe

if we choose y = 1/16 we get
U=A"+A”

with ¢ = e?t. Therefore for any A recovering RS for large z our
solution is localized!!
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Geometrical coupling paper

Gauge Field Localization on the Brane Through Geometrical Coupling

G. Alencar“ R. R. La,ndim" M. O. Tahim™|} and R.N. Costa Filho‘ﬁ'
“ Departamento de Fisica, Universidade Federal do Ceard, 60451-970 Fortaleza, Ceard, Brazil and
b Universidade Estadual do Ceard, Faculdade de Educagio,
Ciéncias e Letras do Sertdo Central - R. Epitdcio Pessoa, 2554, 63.900-000 Quizadd, Ceard, Brazil.
(Dated: October 14, 2014)

In this paper we consider a geometrical Yukawa coupling as a solution to the problem of gauge
field localization. We show that upon dimensional reduction the vector field component of the field
is localized but the scalar component (As) is not. We show this for any smooth version of the
Randall-Sundrum model. The covariant version of the model with geometrical coupling simplify the
generalization to smooth versions generated by topological defects. This kind of model has been
considered some time ago, but there it has been introduced two free parameters in order to get
a localized solution which satisfy the boundary conditions: a mass term in five dimensions and a
coupling with the brane. The boundary condition fix one of them and the model is left with one
free parameter M. First we show that by considering a Yukawa coupling with the Ricei scalar it is
possible to unify these two parameter in just one fixed by the boundary condition. With this we
get a consistent model with no free parameters and the mass term can be interpreted as a coupling
to the cosmological constant.

PACS numbers: 64.60.ah, 64.60.al, 89.75.Da
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Geometrical coupling for p—forms
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Geometrical coupling for p—forms

For p—forms we get the solution e’
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Geometrical coupling for p—forms

For p—forms we get the solution e’

Gauge Field Emergence from Kalb-Ramond Localization

G. Alencar“[| R. R. Landim*[f M. O. Tahim®[] and R.N. Costa Filho?d
“ Departamento de Fisica, Universidade Federal do Ceard, 60451-970 Fortaleza, Ceard, Brazil and
b Universidade Estadual do Ceard, Faculdade de Educagio,
Ciéncias e Letras do Sertdo Central - R. Epitdcio Pessoa, 2554, 63.900-000 Quizadd, Ceard, Brazil.
(Dated: December 23, 2014)

A new mechanism, valid for any smooth version of the Randall-Sundrum model, of getting local-
ized massless vector field on the brane is described here. This is obtained by dimensional reduction
of a five dimension massive two form, or Kalb-Ramond field, giving a Kalb-Ramond and an emer-
gent vector field in four dimensions. A geometrical coupling with the Ricci scalar is proposed and
the coupling constant is fixed such that the components of the fields are localized. The solution is
obtained by decomposing the fields in transversal and longitudinal parts and showing that this give
decoupled equations of motion for the transverse vector and KR fields in four dimensions. We also
prove some identities satisfied by the transverse components of the fields. With this is possible to
fix the coupling constant in a way that a localized zero mode for both components on the brane is
obtained. Then, all the above results are generalized to the massive p—form field. It is also shown
that in general an effective p and (p — 1)—forms can not be localized on the brane and we have to
sort one of them to localize. Therefore, we can not have a vector and a scalar field localized by di-
mensional reduction of the five dimensional vector field. In fact we find the expression p = (d—1)/2
which determines what forms will give rise to both fields localized. For D = 5, as expected, this is
valid only for the KR field.

PACS numbers: 64.60.ah, 64.60.al, 89.75.Da
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ELKO spinor case
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ELKO spinor case

Comment on “Localization of 5D Elko Spinors on Minkowski Branes”

I. C. Jardim,"¥ G. Alencar,"l| R. R. Landim," and R. N. Costa Filho"@

! Departamento de Fisica, Universidade Federal do Ceard,
Caiza Postal 6030, Campus do Pici, 60455-760 Fortaleza, Ceard, Brazil

We show that the statement in Yu-Xiao Liu, Xiang-Nan Zhou, Ke Yang and Feng-Wei Chen
[Phys. Rev. D 86, 064012 (2012)] that the zero mode of ELKO spinor is localized in some thin
brane scenarios is not correct. This reopens the problem of localization of ELKO spinors.
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Comment on “Localization of 5D Elko Spinors on Minkowski Branes”

I. C. Jardim,"¥ G. Alencar,"l| R. R. Landim," and R. N. Costa Filho"@

! Departamento de Fisica, Universidade Federal do Ceard,
Caiza Postal 6030, Campus do Pici, 60455-760 Fortaleza, Ceard, Brazil

We show that the statement in Yu-Xiao Liu, Xiang-Nan Zhou, Ke Yang and Feng-Wei Chen
[Phys. Rev. D 86, 064012 (2012)] that the zero mode of ELKO spinor is localized in some thin
brane scenarios is not correct. This reopens the problem of localization of ELKO spinors.

Solutions to the problem of ELKO spinor localization in brane models

L. C. Jardim,'{¥| G. Alencar,"{fl R. R. Landim,"{f| and R. N. Costa Filho! {{

' Departamento de Fisica, Universidade Federal do Ceard,
Cuaiza Postal 6030, Campus do Pici, 60455-760 Fortaleza, Ceard, Brazil

In this paper we present two different solutions to the problem of zero mode localization of ELKO
spinor. In a recent paper the present authors reopened this problem since the solution presented
before did not satisfy the boundary condition at the origin. The first solution is given by the
introduction of a mass term and by coupling the spinor with the brane through a delta function.
The second solution is reached by a Yukawa geometrical coupling with the Ricci scalar. This two
models changes consistently the the boundary condition at infinity and at the origin. For the case
of Geometrical coupling we are able to show that the zero mode is localized for any smooth version
of the RS model.
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Linearized solution

Non-abelian Gauge invariance is lost since f Yidz + f Yhdz.
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Linearized solution

Non-abelian Gauge invariance is lost since f Yidz + f Yhdz.
Batell et al solved the problem merging the Dvali and Ghoroku

models
— 1 5 MN.
S = 12 dx =g | Ty PN + po(2) TP, |
- % f d>x A[—gM?(z) Tr A} AM 9)
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Linearized solution

Non-abelian Gauge invariance is lost since f Yidz + f Yhdz.
Batell et al solved the problem merging the Dvali and Ghoroku

models
— 1 5 MN.
S = 12 dx =g | Ty PN + po(2) TP, |
- % f d>x A[—gM?(z) Tr A} AM 9)

They found $ and the parameters of M such that the gauge
invariance is recovered in 4D.
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The origin of M(z) was found by us. And about the boundary
term for F?
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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

1
S=— P dx =g [TrFy PN + 91 A cp TrFY  FEP ], (10)
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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

1
S=— P dx =g [TrFy PN + 91 A cp TrFY  FEP ], (10)

where V4A~4+ = 0 and

1 1 1
ABep = §RABCD - ER[A[C(SB]D] + gRé[A[céB] p. (1)
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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

1
S=— P dx =g [TrFy PN + 91 A cp TrFY  FEP ], (10)

where V4A~4+ = 0 and
A _ loap Loia <B] LooA <B]
A*"cp = gR CD_ER [Cé D]+§R5 [C5 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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S = 42 dx =g [TrFy PPN + 1 AP op TP FP1

e f 5 [“gRIF AL AMS, (12)
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A propose

S = —— | @xy=g|TF "™ + 1 AP pTrF)  F°
22 | 5x y=gRTrAT AMe 12
- 5 | XNgRIPA AT, (12)

Non-minimal couplings in Randall-Sundrum Scenarios

G. Alencar®,* R. R. Landim®,’ C. R. Muniz’.! and R.N. Costa Filho®?
® Departamento de Fisica, Universidade Federal do Ceard, 60451-970 Fortals Ceard, Brazil and
b Universidade Estadual do Ceard, Faculdade de Educagdo,
Ciéncias e Letras do Sertdo Central - R. Epitdcio Pessoa, 255/, 63.900-000 Quizadd, Ceard, Brazil.
(Dated: February 5, 2015)

In this paper we propose a new model to solve the problem of Yang-Mills localization in Randall-
Sundrum scenarios without the introduction of other fields or new degrees of freedom. The model
is based only in non-minimal couplings with the gravity field. We show that two nom-minimal
one with the field strength and the other with a mass term. Despite the

couplings are neces
loosing of five dimensional gauge invariance by the mass term a massless gauge field is obtained
over the brane. To obtain this, we need of a fine tuning of the two meters introduced through
the couplings. The fine tuning is obtained by imposing the boundary conditions and to guarantee
non-abelian gauge invariance in four dimensions. With this we are left with no free parameters and
the model is completely determined. The model also provides analytical solutions to the linearized
equations for the zero mode and for a general warp factor

PACS numbers: 64.60.ah, 64.60.al, 89.75.Da
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