arXiv:1301.3204v1 [hep-th] 15 Jan 2013

Prepared for submission to JHEP

Resonances of Kalb-Ramond field on symmetric and asymmetric thick branes

Yun-Zhi Du, Li Zhao^1, Yi Zhong, Chun-E Fu, Heng Guo

Institute of Theoretical Physics, Lanzhou University, Lanzhou 730000, People’s Republic of China E-mail: duyz11@lzu.edu.cn, lizhao@lzu.edu.cn, zhongy11@lzu.edu.cn,

fuche08@lzu.edu.cn, guoh06@lzu.edu.cn

Abstract: In this paper, we investigate the localization of the Kalb-Ramond field on symmetric and asymmetric thick branes, which are generated by a background scalar field. In order to localize the Kalb-Ramond field, we introduce a coupling with the background scalar field, and find that there exist some Kaluza-Klein resonant modes. For the case of symmetric brane, we seek the resonances by using the relative probability method and transfer matrix method, and obtain the same result for the two methods. For the asymmetric case, we use the transfer matrix method. We find that the number of resonances will decrease with the increase of the asymmetry.

1Corresponding author

Contents

1 Introduction 1

2 Kalb-Ramond field on symmetric and asymmetric thick branes 2 2.1 The symmetric brane case 4 2.2 The asymmetric brane case 6

3 Conclusion 9

1 Introduction

In 1920s, in order to unify electromagnetism with Einstein Gravity, Kaluza and Klein (KK) considered a five-dimensional space-time with one extra dimension [1]. And in the string/M-theory, it is required that there are six/seven extra dimensions. But in these theories, the size of extra dimensions is restricted to be at the Planck length, which is too small to be detected by the present experiments. Subsequently, the braneworld scenario was introduced in a higher-dimensional space-time. The representative brane models are the Arkani-Hamed-Dimopoulos-Dvali (ADD) model [2–4] and the Randall-Sundrum (RS) one [5, 6]. In the brane models, the particles in Standard Model are confined on the brane, while gravity can propagate in the whole space-time.

In the framework of braneworld scenario, extra dimensions do not have to be so small as the Planck length; they even can be infinite. So it is possible to detect the extra dimensions. And the localization of matters on a brane is a way to realize it. Because the matters from the higher dimensional space-time carry the information of extra dimensions, so if they can be localized on the brane, there is a hope for us to find them, and so prove the existence of extra dimensions. The localization of various matters has been investigated in the thin brane models [7–11] and thick brane models [12–29]. It was found that scalar and gravity fields can be localized on the RS-like branes in the five-dimensional space-time with one extra dimension, but it is not true for vector and Kalb-Ramond (KR) tensor fields [30–33]. However, vector can be localized on some de sitter thick branes [17] and Weyl thick branes [34].

The KR field is an anti-symmetric tensor field, which was first introduced in the string theory. It is known that in the four-dimensional space-time, the antisymmetric tensor fields are equivalent to scalar or vector fields by the symmetry known as duality [35]. But they

– 1 – will indicate new types of particles in extra dimensions. So we are interested in this field. However, the free KR field cannot be localized on the brane in five-dimensional space-time [31]. In Refs. [21, 32, 33], the authors showed that, if the KR field couples to a dilaton field, then the localization can be realized. While in this paper, we find if we introduce the coupling with the background kink scalar, the KR field can also be localized on the brane under some conditions.

Here we consider an interesting brane model, i.e., the symmetric and asymmetric branes, which was investigated in Refs. [17, 36–38]. In this model, there is an asymmetric factor a describing the asymmetry of the brane, and the brane can be split. The localization of fermion fields in this model has been investigated in [17, 38], where the authors mainly focused on the symmetric case. With the relative probability method applied in [17, 38, 39], the fermion resonances were found for the symmetric case. However, it is seem that this method is not easy to be extended to the asymmetric case.

In this work, we will use both the relative probability method and the transfer matrix method to investigate the KR massive KK modes. The transfer matrix method was used in Refs. [40–42] in the framework of braneworld, where the authors defined a transmission coefficient T to find the resonances. And we will use the method to seek the resonances of the KR field on both symmetric and asymmetric branes, and study the effect of the asymmetry of the brane on the resonances. For the symmetric case, we compare this method with the relative probability method, and obtain the same result.

This paper is organized as follows. Firstly, we simply give in the next section a review of the construction of symmetric and asymmetric thick branes in five-dimensional spacetime. Then we investigate the resonances of the KR field on the symmetric case in Sec. 2.1, and on the asymmetric case in Sec. 2.2. Finally, the discussion and conclusion are given in Sec. 3.

2 Kalb-Ramond field on symmetric and asymmetric thick branes

We consider the thick brane generated by a single real scalar field ϕ in a five-dimensional space-time. The action of this system is S = ∫ d^5x √ −g [ 1 2κ^2_5 R − 1 2 g^{MN} ∂_M ϕ∂_N ϕ − U(ϕ) ] , (2.1)

where κ^2_5 = 8πG_5 with G_5 the Newton Gravitational constant, and U(ϕ) is the scalar potential. In this paper we set κ_5 = 1 for simplicity.

The line-element of the space-time is assumed as

ds^2 = e^{2A(z)}(η_{μν} dx^μdx^ν + dz^2). (2.2)

– 2 –

Here z stands for the extra coordinate, and e^{2A(z)} is the warp factor. The warp factor and the scalar field are both supposed to be functions of z only, i.e., ϕ = ϕ(z), A = A(z).

A solution for this system was found in Ref. [43]:

ϕ = ϕ_0 arctan(λz)^s, (2.3) e^{2A} = 1 [1 + (λz)^{2s}]^{1/s}G(z)^2

, (2.4) U(ϕ) = − 3 4 sin^2(ϕ/ϕ_0) tan^{−2/s}(ϕ/ϕ_0)K(ϕ) × { 16a tan^{1/s}(ϕ/ϕ_0) + cos^{−2/s}(ϕ/ϕ_0) [ 5 − 2s − (3 + 2s) cos(2ϕ/ϕ_0) ] K(ϕ) } − 6a^2 cos^{2/s}(2ϕ/ϕ_0), (2.5)

where ϕ_0 =

√_{3(2s−1)}

s with s = 1, 3, 5..., and G(z), K(ϕ) are defined respectively as

G(z) ≡ 1 + a z_2F_1 ( 1 2s , 1 s , 1 + 1 2s , −(λz)^{2s} ) , (2.6)

K(ϕ) ≡ λ + a tan^{1/s} ( ϕ/ϕ_0 )_2 F_1 ( 1 2s , 1 s , 1 + 1 2s , − tan^2 ( ϕ ϕ_0 ) ) (2.7)

with_2F_1 the hypergeometric function. This is a three-parameter (λ, s, a) family of asymmetric thick brane. And a is called asymmetric factor satisfying 0 ≤ a < 2 s λ Γ(1/s) Γ(1/2s)^2

. (2.8)

As a = 0, we will get a symmetric solution. And for s = 1 and s > 1, the domain wall is a single brane and double one, respectively. Thus, these branes have very rich inner structure. We will mainly investigate the effect of the asymmetry on resonance.

Therefore, we consider KR field B_{μν} in this space-time, and regard the field as a small perturbation around the background. The action of the field is given by S_{KR} = ∫ d^5x √ −g [ f(ϕ)H_{MNL}H^{MNL} ] , (2.9)

where H_{MNL} = ∂_{[M} B_{NL]} is the field strength, and f(ϕ) is the coupling to the background scalar field. The reason we introduce the coupling is that the free KR field cannot be localized on the brane [31, 32].

From the action (2.9) and the metric (2.2), the equations of motion for the KR field read f(ϕ)∂_μ[ √ −gH^{μνλ}] + ∂_z[ √ −gf(ϕ)H^{zνλ}] = 0, (2.10) f(ϕ)∂_μ[ √ −gH^{μνz} ] = 0. (2.11)

In the following, we investigate the KK modes of the KR field, which not only can produce the four-dimensional KR fields, but also carry the information of the extra dimension.

– 3 –

First, we choose a gauge B_{μz} = 0, and decompose the field as B^{νλ}(x, z) = ∑ n b^{νλ}_{(n)}(x) χ_n(z) e^{pA(z)} (2.12)

with p a coupling constant. Then the field strength becomes H_{μνλ} = ∑ n e^{4A(z)} h_{μνλ(n)}(x)χ_n(z) e^{pA(z)}, (2.13)

where h_{μνλ(n)}(x) = ∂_{[μ}b_{νλ](n)}(x) is the field strength on the brane. Here, we consider the coupling f(ϕ(z)) = e^{(−7−2p)A(z)}. Then, by substituting (2.13) into Eq. (2.10), we obtain the Schrödinger-like equation for the KK modes χ_n(z): [ − d^2 dz^2 + V (z) ] χ_n(z) = m^2_nχ_n(z), (2.14)

where m_n are the masses of the four-dimensional KR fields, and the effective potential V (z) takes the form V (z) = (4 + p)^2A^{′2}(z) − (4 + p)A^{′′}(z). (2.15) Because the Schrödinger-like equation (2.14) can be written in supersymmetric quantum mechanics scenario as follows:

Q^†Q χ_n(z) = [ − d dz + (4 + p)A^′(z) ][ d dz + (4 + p)A^′(z) ] χ_n(z) = m^2_nχ_n(z), (2.16)

we can exclude the existence of tachyonic modes if the KK modes are regular at the boundaries, and this is an essential condition to keep the stability of the model.

On the other hand, we need the orthonormality conditions ∫_∞ −∞ dz χ_n(z)χ_l(z) = δ_{nl}, (2.17)

in order to obtain the effective action for the four-dimensional KR fields: S_{KR} = ∑ n ∫ d^4x [ h_{μνλ(n)}(x) h^{μνλ}_{(n)} (x) + 3 m^2_n b_{νλ(n)}(x) b^{νλ}_{(n)}(x) ] . (2.18)

Thus, we can use the orthonormality conditions (2.17) to judge whether the KK modes of the KR field can be localized on the symmetric and asymmetric branes.

2.1 The symmetric brane case Firstly, we investigate the case of the symmetric thick brane (a = 0). The effective potential (2.15) is symmetric, and takes the following form

V^s(z) = (4 + p)(λz)^{2s}

(3 + p)(λz)^{2s} + (2s − 1)

z^2 [ 1 + (λz)^{2s}

]_2 . (2.19)

– 4 –

When z → ∞, 1 + (λz)^{2s} → (λz)^{2s}, so we have V^s(z → ∞) → (4 + p)(3 + p) z^2 + (4 + p)(2s − 1) z^2(λz)^{2s}

→ 0. (2.20)

And when z → 0, 1 + (λz)^{2s} → 1, we find

V^s(z → 0) →

(4 + p)(3 + p)(λz)^{4s} z^2 + (4 + p)(2s − 1)(λz)^{2s} z^2 → { λ^2(4 + p) for s = 1 0 for s > 1

. (2.21)

It can be seen that V^s(z) is a volcano potential with a single well for s = 1 and two ones for s ≥ 3. And the distance between the two minima of V^s(z) for s ≥ 3 increases with s. The parameter p mainly effects the depth of the potential, and with the increase of p the potential well is deeper. The width of the potential is controlled by the parameter λ; when λ increases, the potential well becomes narrower. We only plot the shapes of V^s(z) in Fig. 1 for different values of s.

Figure 1. The shape of the symmetric potential V^s(z) with λ = 1 and p = −5.

For this type of potential, there are a zero mode and continuous massive modes. Some resonant states may appear. For the zero mode (m^2_0 = 0), the wave function is

χ^s_0(z) ∝ ( 1 + (λz)^{2s} ) 4+p_{2s} . (2.22)

To see whether the zero mode can be localized on the brane, we need to check the normalization condition (2.17) for χ^s_0(z). Because

I^s = ∫_∞ −∞ (χ^s_0)^2dz ∝ ∫_∞ −∞ ( 1 + (λz)^{2s} ) 4+p_s dz → ∫_∞ −∞ (λz)^{2(4+p)} dz for z → ∞,(2.23)

which is finite for p < −9/2. So, the zero mode can be localized on the symmetric thick brane for p < −9/2.

– 5 –

In order to find the resonances for this symmetric potential, we can use the method given in Refs. [38, 39], where the authors defined a variable, called the relative probability in a box with borders at ±z_{max}: P = ∫_{zb} −z_b |χn(z)| 2dz ∫_{−zmax} z_{max} |χn(z)| 2dz , (2.24)

and the large relative probability for massive KK modes within a range −z_b < z < z_b indicates the existence of resonances. We note here that this method is the extended version of the one used in Ref. [16], which is only effective for the even KK modes. On the other hand, because the potential is symmetric, the wave functions are either even-parity or odd-parity. So one can give two additional boundary conditions to solve the differential equation (2.14) numerically:

χ_n(0) = 0, χ^′_n(0) = c_0, for odd-parity, (2.25) χ_n(0) = c_1, χ^′_n(0) = 0, for even-parity. (2.26)

Figure 2. The shape of the relative probability P (which is a function of m^2) of the massive KK modes for the symmetric case with λ = 1, s = 3, p = −15.

Here, we give an example. We set the parameters as a = 0, λ = 3, s = 1, p = −15 and z_{max} = 20z_0, and find some resonances. The shape of the relative probability is plotted in Fig. 2, where the masses of resonances are marked, i.e., m^2_n = 3.997, 14.223, 27.353, 40.84.

2.2 The asymmetric brane case In this subsection, we consider the case of asymmetric thick brane (a ≠ 0). The asymmetric effective potential V^a(z) reads

V^a(z) = (4 + p)(λz)^{2s}

(3 + p)(λz)^{2s} + (2s − 1) z^2 [ 1 + (λz)^{2s}

]_2

+(4 + p)(3 + p) G^{′2} G^2

+ (4 + p) G^{′′} G + 2(4 + p)^2(λz)^2G^′ z[1 + (λz)^{2s}]G

. (2.27)

– 6 –

It is also a volcano-like one. So there are also a zero mode and continuous massive modes, and some resonances may exist.

With the warp factor (2.4), the zero mode wave function is given by

χ^a_0(z) ∝ [1 + (λz)^{2s}]^{4+p2s} G^{4+p}(z). (2.28)

Then we consider the normalization condition for χ^a_0(z):

I^a = ∫_∞ −∞ [ χ^a_0(z) ]^2 dz ∝ ∫_∞ −∞ [ χ^s_0(z) ]^2 G^{2(4+p)}(z) dz. (2.29)

Noting that, when z → ±∞, G(z) → 1 ±^{a Γ( 12s ) Γ( 12s +1)}_{λ Γ( 1s )} , which is an finite constant, we get the conclusion that the condition for localizing the zero mode in this asymmetric brane is the same with that on the symmetric case, i.e., p < −9/2.

Next, we turn to analyze resonances of the KR field on the asymmetric brane. Because the effective potential is asymmetric, the corresponding wave functions have no definite parity. When solving the second-order differential equation (2.14), we cannot use the initial conditions (2.25). So the method for finding the resonances in Sec. 2.1 is not suitable for this asymmetric case. Here, we can use the transfer matrix method. This method has been used to investigate the resonances of matter fields in the RS model in Refs. [40–42]. Here we use this method to solve the resonances of KR fields on this asymmetric brane.

In this method, a transmission coefficient T is introduced: T = k_1 k_N 1 | M_{22} |^2

, (2.30)

where N is the number of the transfer coefficient matrixes, and M is the product of the N transfer coefficient matrixes with dimension 2 × 2. The relation between k_1 and k_N is

k_1 k_N = √ | V_1 − E_n | | V_N − E_n | (2.31)

with E_n = m^2_n.

The transmission coefficient T gives a clear interpretation of what happens to a plane wave interacting with the branes, no matter whether the brane is symmetric. For a given mass, we will get a T (m^2). If the transmission coefficient has a peak, then it means that the amplitude of the wave function corresponding to the peak has relative larger value on the brane, namely, we will have a higher probability to find this KK mode on the brane; hence we will call this KK mode as a resonant state.

Thus, we try to use this transfer matrix method to find the resonances in both the symmetric and asymmetric branes, and compare the results obtained by the transfer matrix

– 7 –

Figure 3. The transmission coefficient T for the KK modes of the KR field with p = −15, λ = 1, s = 1, a = 0

method with that by the method in Sec. 2.1 for the symmetric case. Here, we set N = 10^4 + 1, and V_1 = V (−z_{max}), V_N = V (z_{max}) with z_{max} = 20.

We first plot the shape of the transmission coefficient as a function of m^2 for the symmetric case in Fig. 3 with a = 0, λ = 1, s = 3, p = −15. Comparing Fig. 3 with Fig. 2, we find that, for the symmetric case, the resonances obtained with the transfer matrix method is almost the same with the result obtained with the relative probability method used in Sec. 2.1. In fact, the relative probability P and the transmission coefficient T have the same physical meaning, i.e., they indicate the interaction between a plane wave function and the brane. Under the same condition, the resonances obtained by the two methods should be the same.

In order to find the effect of the asymmetry factor a on the resonances, we plot the shapes of the effective potential V^a(z) with different values of a (including a = 0) in Figs. 4(a), 4(b) and 4(c), for s = 1, s = 3 and s = 5, respectively. The corresponding logarithm of the transmission coefficient as a function of m^2 is also given in these figures. The masses of the resonances for these cases are listed in Tab. 1.

From Fig. 4 and Tab. 1, we find that:

• For s = 1 and s = 5, comparing with the symmetric case a = 0, there are less number of the resonances for the asymmetric case a ≠ 0. And with the increase of a, the number will decrease.

• For s = 3, the number of the resonances is the most for the symmetric case. While it does not monotonically decrease with a for the asymmetric case.

And it seems that the a does not decide the number of resonances. While the degree of the asymmetry plays the role. When the degree of the asymmetry increases, the number of resonances is less. For s = 3, the degree of the asymmetry for the potential seems deeper for a = 0.3 comparing with a = 0.5, so the number of the resonances is less for a = 0.3.

– 8 –

(a) p = −30, λ = 1, s = 1

(b) p = −30, λ = 1, s = 3

(c) p = −30, λ = 1, s = 5

Figure 4. The logarithm for the KK modes of the KR field on the symmetric and asymmetric thick branes with different parameters.

3 Conclusion

In this paper, we investigate the localization of KR field on symmetric and asymmetric thick branes. There are two important parameters in the brane model, i.e., s and a. The former decides the splitting of the brane, and the latter leads to the asymmetry of the brane, so it is called as asymmetric factor. For a = 0, the brane is symmetric, and for a ≠ 0 the brane is asymmetric. We mainly investigate the effect of the asymmetry on the localization.

We consider the coupling between the KR field and the background scalar field (f(ϕ(z)) =

– 9 – a = 0 (m^{s 2}_n ) a = 0.3 (m^{a 2}_n ) a = 0.5 (m^{a 2}_n ) s = 1 s =3 s =5 s =1 s =3 s =5 s =1 s =3 s =5 49.08 5.64 14.27 38.24 32.16 14.99 17.28 70.15 50.40 91.74 20.07 31.03 66.8 85.17 74.13 - 139.3 128.6 127.4 40.27 52.32 - 132.3 126.9 - 200.6 198.1 - 64.14 77.68 - 174 174.7 - 254.9 259.8 - 91.16 107.1 - 210.3 217.3 - 303.4 316.2 - 121.1 138.8 - 239.1 254.1 - 346.2 366.8 - 152.3 174.2 - - 277.3 - 379.5 405 - 184.8 211.3 - - 305.2 - - 416.1 - 217.1 250 - - 339 - - - - 247.5 289.2 - - - - - - - - 326.4 - - - - - - Table 1. The masses of resonances for the KK modes on symmetric and asymmetric thick branes. The parameters are set to p = −30, λ = 1.

e^{(−7−2p)A(z)}), and find that the KK modes of the KR field satisfy a Schrödinger-like equation. Because the effective potential is a volcano-like one for both symmetric and asymmetric cases, there are always a zero mode and continuous massive modes, and some resonances may exist. The condition for localizing the zero mode on both the symmetric and asymmetric branes is the same, i.e., p < −9/2.

In order to find the resonances, we first use the relative probability method for the symmetric case, but it is not suitable for the asymmetric case. Then we use the transfer matrix method. This method can be used in both cases. And for the symmetric case, we obtain the same result for the two methods. This may be because both the relative probability P (in the relative probability method) and the transmission coefficient T (in the transfer matrix method) indicate the interaction of a wave function with the brane.

The number of the resonances for the asymmetric case is decided by the degree of the asymmetry, but not completely the asymmetric factor a. The number of the resonances decreases with the degree of the asymmetry.

Acknowledgement

We especially thank Prof. Y. X. Liu and Prof. R. R. Landim for sharing some ideas about resonance state and the codes. We also thank Xiao-Long Du, Xiang-Nan Zhou and Ke Yang for helpful discussions. This work was supported in part by the National Natural Science

– 10 –

Foundation of China (No. 11075065 and No. 10905027), the Huo Ying-Dong Education Foundation of Chinese Ministry of Education (No. 121106) and the Fundamental Research Funds for the Central Universities.

References

[1] T. Kaluza, On the Unification Problem of Physics. Sitz. Ber. Preuss. Akad. Wiss, (1921) 966.

Reproduced in O’Raifertaigh’s book.

[2] N. Arkani-Hamed, S. Dimopoulos, and G. Dvali, The hierarchy problem and new dimensions at a millimeter, Phys. Lett. B 429 (1998) 263, [hep-ph/9803315].

[3] N. Arkani-Hamed, S. Dimopoulos, and G. Dvali, The hierarchy problem and new dimensions at a millimeter, Phys. Lett. B 429 (1998) 263, [hep-ph/9803315].

[4] I. Antoniadis, N. Arkani-Hamed, S. Dimopoulos, and G. Dvali, New dimensions at a millimeter to a fermi and superstrings at a tev, Phys. Lett. B 436 (1998) 257, [hep-ph/9804398].

[5] L. Randall and R. Sundrum, An alternative to compactification, Phys. Rev. Lett. 83 (1999) 4690, [hep-th/9906064].

[6] L. Randall and R. Sundrum, A large mass hierarchy from a small extra dimension, Phys.

Rev. Lett. 83 (1999) 3370, [hep-ph/9905221].

[7] D. P. George and R. R. Volkas, Kink modes and effective four dimensional fermion and higgs brane models, Phys. Rev. D 75 (2007) 105007, [hep-ph/0612270].

[8] X.-H. Zhang, Y.-X. Liu, and Y.-S. Duan, Localization of fermionic fields on braneworlds with bulk tachyon matter, Mod. Phys. Lett. A 23 (2008) 2093, [arXiv:0709.1888].

[9] R. Guerrero, A. Melfo, N. Pantoja, and R. O. Rodriguez, Gauge field localization on brane worlds, Phys. Rev. D 81 (2010) 086004, [arXiv:0912.0463].

[10] Y.-X. Liu, X.-N. Zhou, K. Yang, and F.-W. Chen, Localization of 5d elko spinors on minkowski branes, Phys. Rev. D 86 (2012) 064012, [arXiv:1107.2506].

[11] K. Yang, Y.-X. Liu, Y. Zhong, X.-L. Du, and S.-W. Wei, Gravity localization and mass hierarchy in scalar-tensor branes, Phys. Rev. D 86 (2012) 127502, [arXiv:1212.2735].

[12] M. Gremm, Four-dimensional gravity on a thick domain wall, Phys. Lett. B 478 (2000) 434, [hep-th/9912060].

[13] C. Csaki, J. Erlich, T. J. Hollowood, and Y. Shirman, Universal aspects of gravity localized on thick branes, Nucl. Phys. B 581 (2000) 309, [hep-th/0001033].

[14] Y.-X. Liu, L.-D. Zhang, L.-J. Zhang, and Y.-S. Duan, Fermions on thick branes in background of sine-gordon kinks, Phys. Rev. D 78 (2008) 065025, [arXiv:0804.4553].

[15] D. Bazeia, A. Gomes, and L. Losano, Gravity localization on thick branes: A numerical approach, Int. J. Mod. Phys. A 24 (2009) 1135, [arXiv:0708.3530].

– 11 –

[16] C. Almeida, J. Ferreira, M.M., A. Gomes, and R. Casana, Fermion localization and resonances on two-field thick branes, Phys. Rev. D 79 (2009) 125022, [arXiv:0901.3543].

[17] Y.-X. Liu, Z.-H. Zhao, S.-W. Wei, and Y.-S. Duan, Bulk matters on symmetric and asymmetric de sitter thick branes, JCAP 0902 (2009) 003, [arXiv:0901.0782].

[18] Y.-X. Liu, H. Guo, C.-E. Fu, and J.-R. Ren, Localization of matters on anti-de sitter thick branes, JHEP 1002 (2010) 080, [arXiv:0907.4424].

[19] Z.-H. Zhao, Y.-X. Liu, and H.-T. Li, Fermion localization on asymmetric two-field thick branes, Class.Quant.Grav. 27 (2010) 185001, [arXiv:0911.2572].

[20] Z.-H. Zhao, Y.-X. Liu, Y.-Q. Wang, and H.-T. Li, Effects of temperature on thick branes and the fermion (quasi-)localization, JHEP 1106 (2011) 045, [arXiv:1102.4894].

[21] C.-E. Fu, Y.-X. Liu, and H. Guo, Bulk matter fields on two-field thick branes, Phys. Rev. D 84 (2011) 044036, [arXiv:1101.0336].

[22] H.-T. Li, Y.-X. Liu, Z.-H. Zhao, and H. Guo, Fermion resonances on a thick brane with a piecewise warp factor, Phys. Rev. D 83 (2011) 045006, [arXiv:1006.4240].

[23] H. Guo, A. Herrera-Aguilar, Y.-X. Liu, D. Malagon-Morejon, and R. R. Mora-Luna, Localization of bulk matter fields on a pure de sitter thick braneworld, arXiv:1103.2430.

[24] H. Guo, Y.-X. Liu, S.-W. Wei, and C.-E. Fu, Gravity localization and effective newtonian potential for bent thick branes, Europhys. Lett. 97 (2012) 60003, [arXiv:1008.3686].

[25] H. Guo, Y.-X. Liu, Z.-H. Zhao, and F.-W. Chen, Thick branes with a non-minimally coupled bulk-scalar field, Phys. Rev. D 85 (2012) 124033, [arXiv:1106.5216].

[26] C.-E. Fu, Y.-X. Liu, K. Yang, and S.-W. Wei, q-form fields on p-branes, JHEP 1210 (2012) 060, [arXiv:1207.3152].

[27] Y.-X. Liu, F.-W. Chen, Heng-Guo, and X.-N. Zhou, Non-minimal coupling branes, JHEP 1205 (2012) 108, [arXiv:1205.0210].

[28] M. Gogberashvili, P. Midodashvili, and L. Midodashvili, Localization problem in the 5d standing wave braneworld, Int. J. Mod. Phys. D 21 (2012) 1250081, [arXiv:1209.3815].

[29] J. Hoff da Silva and R. da Rocha, Effective monopoles within thick branes, Europhys. Lett.

100 (2012) 11001, [arXiv:1209.0989].

[30] A. Neronov, Localization of kaluza-klein gauge fields on a brane, Phys. Rev. D64 (2001) 044018, [hep-th/0102210].

[31] W. Cruz, M. Tahim, and C. Almeida, Scalar and tensor gauge field localization on deformed thick branes, arXiv:0906.1850.

[32] M. Tahim, W. Cruz, and C. Almeida, Tensor gauge field localization in branes, Phys. Rev. D 79 (2009) 085022, [arXiv:0808.2199].

[33] H. Christiansen and M. Cunha, Kalb-ramond excitations in a thick-brane scenario with dilaton, Eur. Phys. J. C 72 (2012) 1942, [arXiv:1203.2172].

– 12 –

[34] Y.-X. Liu, L.-D. Zhang, S.-W. Wei, and Y.-S. Duan, Localization and mass spectrum of matters on weyl thick branes, JHEP 0808 (2008) 041, [arXiv:0803.0098].

[35] F. Quevedo, S. Krippendorf, and O. Schlotterer, Cambridge lectures on supersymmetry and extra dimensions, arXiv:1011.1491.

[36] A. Melfo, N. Pantoja, and A. Skirzewski, Thick domain wall space-times with and without reflection symmetry, Phys. Rev. D 67 (2003) 105003, [gr-qc/0211081].

[37] R. Guerrero, R. O. Rodriguez, and R. S. Torrealba, De-sitter and double asymmetric brane worlds, Phys. Rev. D 72 (2005) 124012, [hep-th/0510023].

[38] Y.-X. Liu, C.-E. Fu, L. Zhao, and Y.-S. Duan, Localization and mass spectra of fermions on symmetric and asymmetric thick branes, Phys. Rev. D 80 (2009) 065020, [arXiv:0907.0910].

[39] Y.-X. Liu, J. Yang, Z.-H. Zhao, C.-E. Fu, and Y.-S. Duan, Fermion localization and resonances on a de sitter thick brane, Phys. Rev. D 80 (2009) 065019, [arXiv:0904.1785].

[40] R. Landim, G. Alencar, M. Tahim, and R. Costa Filho, A transfer matrix method for resonances in randall-sundrum models, JHEP 1108 (2011) 071, [arXiv:1105.5573].

[41] R. Landim, G. Alencar, M. Tahim, and R. Costa Filho, A transfer matrix method for resonances in randall-sundrum models ii: The deformed case, JHEP 1202 (2012) 073, [arXiv:1110.5855].

[42] G. Alencar, R. Landim, M. Tahim, and R. C. Filho, A transfer matrix method for resonances in randall-sundrum models iii: An analytical comparison, arXiv:1207.3054.

[43] R. Guerrero, A. Melfo, and N. Pantoja, Selfgravitating domain walls and the thin wall limit, Phys. Rev. D 65 (2002) 125010, [gr-qc/0202011].

– 13 –