arXiv:1211.0531v1 [hep-th] 2 Nov 2012

Four-dimensional gravity on supersymmetric dilatonic domain walls

R.C. Fonseca^{2,3}, F.A. Brito^1 and L. Losano^{1,3} 1 Departamento de Física, Universidade Federal de Campina Grande, Caixa Postal 10071, 58109-970 Campina Grande, Paraíba, Brazil 2Departamento de Física, Universidade Estadual da Paraíba, 58.109-753 Campina Grande, PB, Brazil 3 Departamento de Física, Universidade Federal da Paraíba, Caixa Postal 5008, 58051-970 João Pessoa, Paraíba, Brazil

We investigate the localization of four-dimensional metastable gravity in supersymmetric dilatonic domain walls through massive modes by considering several scenarios in the model. We compute corrections to the Newtonian potential for small and long distances compared with a crossover scale given in terms of the dilatonic coupling. 4D gravity behavior is developed on the brane for distance very much below the crossover scale, while for distance much larger, the 5D gravity is recovered.

I. INTRODUCTION

One of the main interesting results in higher dimensional physics in recent years, is the possibility of localization of gravity on braneworlds which was initiated in the seminal paper by Randall-Sundrum (RS) [1]. This attracted great attention because it was the first example where four-dimensional gravity could be localized even in the presence of extra dimensions with infinite size. Until then the well-known Kaluza-Klein mechanism to make compactification of extra dimensions with very small radii was the only largely considered alternative to achieve four-dimensional gravity from higher-dimensional theories. Braneworlds attached to extra dimensions with infinite size is able to localize fourdimensional gravity because the 3-brane is embedded in a curved higher dimensional space. More specifically, in the original set up [1], a 3-brane with tension sourced by a delta function is embedded in a warped five-dimensional bulk with negative cosmological constant known as AdS_5 space. The relation between the brane tension and the bulk cosmological constant plays the role of producing a zero mode solution to the linearized Einstein equations. This solution given in terms of the metric developing the suitable fall-off is responsible for localizing the four-dimensional gravity. The following massive modes of the full spectrum also enter in the computation of the Newtonian potential describing corrections to the four-dimensional gravity. They should be highly suppressed at large distance but should deviate the Newton’s law from the four-dimensional behavior at very small distance, implying that the five-dimensional character of the full space shows up at very high energy.

Since the RS paper, many extensions to thick 3-brane have appeared in the literature [2] as domain wall solutions in five or higher dimensional theories with scalar fields coupled to gravity. Most of them are conceived in such a way that can be thought of as a bosonic sector of a supergravity theory or at least the sector of the sometimes referred to as fake supergravity [3]. One of the major problems in realizing the RS set up in five-dimensional supergravity is the difficulty to find normalizable zero modes. This issue was explored several times in the literature — see [4] for a review. The main point is that the warp factor found does not enjoy the required fall-off along the extra dimension. One can rephrase this problem in terms of the volume of the five-dimensional spacetime. In the RS scenario, in spite of the fact the extra dimension is infinite, the volume of the AdS_5 bulk is finite. In five-dimensional supergravity is hard to find solutions that gives finite volume.

Surprisingly enough, soon after the appearance of the RS scenario, it was presented alternative scenarios by Gregory- Rubakov-Sibiryakov (GRS) [5] and Dvali-Gabadadze-Porrati (DGP) [6] where the volume of the five-dimensional spacetime is not necessarily finite to localize gravity. This opened the possibility of localizing four-dimensional gravity in braneworlds embedded in asymptotically flat five-dimensional spaces. The price to pay is instead of zero modes the localization is due to massive graviton modes and the localization is metastable. In spite its metastability, the localization of metastable gravity can survive long enough if one probes distances very much small than a crossover scale. In these alternative scenarios, the brane is still sourced by a delta function but the bulk in both cases is asymptotically five-dimensional Minkowski space.

Furthermore, one has also considered thick brane realizations of metastable localization of gravity in the literature [7–15]. In most of these cases one has considered five-dimensional theories of scalar fields coupled to gravity in the realm of ‘fake supergravity’ where several issues were discussed. One should, though, also consider such realizations in supergravity domain wall solutions [16].

In the present study, we shall consider the supersymmetric dilatonic solution that can be found from a higher dimensional supergravity theory that after specific compactifications, such as toroidal compactification, turns to a simpler five-dimensional theory of a scalar field coupled to gravity [17–20] in the same fashion of those conceived in [2]. We shall investigate the possibility of localizing four-dimensional metastable gravity in supersymmetric dilatonic domain walls through massive modes by considering several scenarios in the model.

II. GRAVITY ON DILATONIC DOMAIN WALLS

Let us briefly introduce the mechanism behind gravity localization in braneworlds. We consider a general dilatonic (D − 2)−brane solution in a spacetime in D dimensions discussed in Refs. [17–20]. The spacetime is assumed to be the direct product M_{D−1} × K of the (D − 1)−dimensional spacetime M_{D−1} and some noncompact internal space K. We shall focus our attention to obtain solutions describing braneworlds as the worldvolume of domain walls. The Einstein-frame action for the dilatonic domain wall is S = 1 2 κ^2_D ∫ d^D x √ −g ( R − 4 D − 2 (∂ϕ)^2 + Λ e^{−2 a ϕ} ) , (1)

where κ_D is the D−dimensional gravitational constant. The cosmological constant term is multiplied by the dilaton factor which depends on an arbitrary dilaton coupling parameter a in any D-dimensional spacetime. The dilatonic domain wall solution given in terms of a conformally flat form is Ḡ_{MN} dx^M dx^N = C(z)[−dt^2 + dx^2_1 + ... + d^2_{D−2} + dz^2], (2)

ϕ = (D − 2)a 2(Δ + 2) ln ( 1 + Δ + 2 Δ Q |z| ) , C(z) = ( 1 + Δ + 2 Δ Q |z| )_{4/(D−2)(Δ+2)} , (3)

where Δ = (D − 2)a^2 2 − 2(D − 1) D − 2 , and Λ = −

2 Q^2 Δ . (4)

In order to study the spectrum of the graviton in the dilatonic domain wall background, we consider the metric describing the small fluctuation h_{μν} (x^ρ, z) of the (D − 1)−dimensional Minkowski spacetime embedded into the conformally flat D−dimensional spacetime

ḡ_{μ̄ν̄} dx^{μ̄}dx^{ν̄} = C(z)[(η_{μν} + h_{μν} )dx^μdx^ν + dz^2], (5)

where |h_{μν} | << 1.

By using the linearized Einstein equations in the transverse traceless gauge, i.e., ∂^μh_{μν} = 0, and the metric fluctuation in the form h_{μν} (x^ρ, z) = h̄^{(m)}_{μν} (x^ρ)C^{−(D−2)/4}ψ_m(z), where η^{μν} ∂_μ∂_νh̄^{(m)}_{μν} = m^2h̄^{(m)}_{μν} , we obtain the Schroedingerlike equation

− d^2 d z^2 ψ_m(z) + U(z) ψ_m(z) = m^2 ψ_m(z), (6)

with the potential U(z) = D − 2 16 [ (D − 6) ( C^′ C )_2 + 4 C^{′′} C ] = − Q^2 (Δ + 1) Δ^2 ( 1 +^{Δ+2}_Δ Q|z|

)_2 + 2 Q Δ δ(z), (7) where the prime denotes derivatives with respect to z. Now, we shall discuss the properties of the KK modes for different values of Δ taking Q > 0. We explore the Schroedinger-like potential that arises by considering the following ranges and study the corrections of the Newtonian potential that are derived from wave functions that emerge according to each choice of Δ. Furthermore, there are no tachyonic modes because the structure of this potential allows to write the Schroedinger-like equation in a quadratic form form [2] H ψ(z) = m^2 ψ(z), H = Q^†Q, Q = − d dz + D − 2 2 A^′(z), (8)

where A(z) =^1_2 ln C(z). The zero mode obeying H ψ_0 = 0 is given by

ψ_0(z) = N_0 exp [ D − 2 2 A(z) ] = N_0 C(z)^{D−24} = N_0 ( 1 + Δ + 2 Δ Q|z| )_{1/(Δ+2)} . (9)

It is easy to conclude from the equation (9) that for Q > 0 there exists normalizable zero mode only in the range Δ ≤ −2, [19, 20]. In the following we shall focus on four cases that do not fall into this range such that there is no zero mode. This is to investigate how easy four-dimensional massive gravity can be localized on the braneworld.

III. FOUR-DIMENSIONAL GRAVITY ON DILATONIC DOMAIN WALLS

In the present section we shall focus on four scenarios to four-dimensional gravity on dilatonic domain walls by considering four ranges of Δ.

• i) Δ > 0 case.

In this case, let us use the potential in Eq. (7) given by U(z) = − Q^2 (Δ + 1) Δ^2 ( 1 +^{Δ+2}_Δ Q|z|

)_2 + 2 Q Δ δ(z) , (10)

FIG. 1: The potential (7) as a function of z, for Δ = Q = 1.

whose general solution of the Schroedinger-like problem for massive modes is given by [21]

ψ_m (z) = C_m √ 1 k + |z| [ J_n ( m ( 1 k + |z| )) − F (m) N_n ( m ( 1 k + |z| ))] , (11)

where J_n and N_n are Bessel functions of the first and second kind, respectively, n =^1_4^{Δ2}_{(Δ+2)2} , k =^{(Δ+2)Q}_Δ — See Fig. 1. In order to obtain the correction term to the four-dimensional Newton’s law between two unit masses on the 3-brane (D = 5), one needs to obtain the probability density of massive modes on the brane. The asymptotic behavior of |ψ_m (0) |^2 can be found from the argument in the Bessel functions, the normalization factor C_m and F (m) given by

|C_m|^2 = m 2 (1 + F^2(m))

, (12)

F (m) = k ϵ J_n (_m k ) + J_{n+1} (_m k ) m k ϵ N_n (_m k ) + N_{n+1} (_m k ) m , ϵ = 3 Δ^2 + 12 Δ + 16 2 (Δ + 2)^2

. (13)

Now, we use the Lommel’s formula, J_{n+1}(x) N_n(x) − N_{n+1}(x) J_n(x) = 2/π x, to find the asymptotic forms of Bessel function as J_n (x) ∼

√_2

xπ cos (x − 1/2 n π + 1/4 π) and N_n (x) ∼

√_2 xπ sin (x − 1/2 n π + 1/4 π) for x ≫ 1, J_n (x) ∼ (1/2 x)^n and N_n (x) ∼ −1/π (1/2 x)^{−n} for x ≪ 1, such that the probability density assumes the simplified forms

|ψ_m (0)|^2 ∼

2 m^2 π k^2 ( ϵ^2 +^{m2}_{k2} ) , m ≫ k, (14) |ψ_m (0)|^2 ∼ 2 (ϵ + 1)^2 ( m k )_{2 n+1} , m ≪ k. (15) To compute the correction to the four-dimensional Newtonian potential generated by the massive modes we use the now well-known formula [1]

V (r) =

M^{−3}_5 r |ψ_0(0)|^2 + δV (r), (16) where the first term is the contribution of the zero mode and the second term corresponds to the corrections generated by the exchange of massive Kaluza-Klein modes δV (r) = M^{−3}_5 r ∫_∞ 0 dm|ψ_m(0)|^2 e^{−mr}. (17) In our present study we have no zero modes, then we focus our analysis in two distinct regions from the integral in the second term only, where we integrate out the probability densities for the continuous massive modes on the brane at z = 0. We divide this integral into two regions limited by the crossover scale

V (r) = δV (r) =

M^{−3}_5 r ( 2 (ϵ + 1)^2 ∫ 1_{rc} 0 ( m k )_{2 n+1} e^{−m r}dm + ∫_∞ 1 rc 2 m^2 π k^2 ( ϵ^2 +^{m2}_{k2} ) e^{−m r} dm ) , (18)

where we define the crossover scale r_c = 1/k. Thus, the Newton’s law correction for massive modes at a distance r is given as follows. In the limit of the crossover scale is very small, i.e., r_c → 0 (Δ ≪ Q), the first integral in (18) is dominant and gives the following answer

V (r) = 2 e^{− rr}c (ϵ + 1)^2 M_5^3 r^2 [( r r_c )_− 3_{4 −} n_2 M − 1 ] , (19)

which is defined in terms of Kummer’s confluent hypergeometric functions M=M ( n, n +^1_2 ;^r_{rc} ) . We found the familiar behavior of Randall-Sundrum scenario [1] for the critical values of the dilaton coupling a^2 ∼ 4^{(D−1)}_{(D−2)2} in this limit, so that V (r) ∼ 8 Δ (Δ + 2)^3 Q (5 Δ^2 + 20 Δ + 24)^2 ( r_c M_5^3 r^3 ) . (20)

On the other hand, for the crossover scale being very large, i.e., r_c → ∞ (Δ ≫ Q) the second integral in (18) is dominant and we can get approximately the form of ΔV (r) at a distance r, using the relation Ei(i x) = ci(x) + i [1/2 π + si(x)], where ci(x) = − ∫_∞ x cos t/t and si(x) = − ∫_∞ x sin t/t, as follows

V (r) = e^{− r2 r}c r^2 M^3_5 π + ϵ ( sin (_{ϵ r} r_c ) ci (_{ϵ r} r_c ) − cos (_{ϵ r} r_c ) si (_{ϵ r} r_c )) 2r r_c π M^3_5

. (21)

We are now in a position to make comparison of the distance r with the crossover scale r_c in order to analyze the large and small distance behavior. We use the asymptotic forms: ci(x) ∼ γ + ln(x) and si(x) ∼ x − π/2 for x ≪ 1, ci(x) ∼ sin(x)/x and si(x) ∼ −cos(x)/x for x ≫ 1.

For small distance, i.e., r/r_c ≪ 1 we obtain the following form V (r) ∼ ϵ 2 r r_cM_5^3π ( ϵ r r_c ( γ + ln ( ϵ r r_c )) − ϵ r r_c + π 2 + O(r^2) ) , r ≪ r_c (22)

where γ ≈ 0.577 is the Euler-Masceroni constant. Interestingly, at short distance the computed potential has the correct 4D Newton’s law with 1/r scaling. The next to leading correction is given by the logarithmic repulsion term in (22).

On the other hand, for large distance, i.e., r/r_c ≫ 1, the potential in Eq. (21) gives V (r) ∼ 3 2 r^2 M_5^3 π , r ≫ r_c, (23) which describes the laws of 5D gravity [5, 6].

• ii) −1 < Δ < 0 case.

The following analysis is pretty similar to the previous one. In the present case, the Schroedinger-like potential (7) gives U(z) = − Q^2 Δ^2

(Δ + 1) ( 1 −^{(Δ+2)}_{|Δ|} Q|z| ) − 2 Q |Δ| δ(z) , (24)

FIG. 2: The potential (7) as a function of z, for Δ = −1/2, and Q = 1.

and the Schroedinger-like equation now gives the following solution for massive modes [21]

ψ_m (z) = K^{(m)}_2 √ 1 + α |z| ( J_β ( m (1 + α |z|) α ) + F_3(m) N_β ( m (1 + α |z|) α )) , (25)

in terms of the Bessel functions of first and second kind, J_β and N_β respectively, where α = −^{(2−Δ) Q}_Δ , β =^Δ_{2 (Δ−2)} — See Fig. 2. The jump condition at z = 0 [ d dz ψ_m (z) ] z=0 = − 2 Q Δ ψ_m (0) , (26)

is obtained from the Schroedinger-like equation by using the properties of the delta function. The asymptotic behavior of |ψ_m (0) |^2 depends on the magnitude of the argument in the Bessel functions, the normalization factor K^{(m)}_2 and F_3(m) given by

|K^{(m)}_2 |^2 = m 2 α (1 + F^2_3 (m))

, (27)

F_3 (m) = ( −2 J_{β+1} (_m α ) m + ϵ_3J_β (_m α )) ( −2 N_{β+1} (_m α ) m + ϵ_3N_β (_m α )) , (28) where ϵ_3 = 2 Q. Then, as in the previous case, using the Lommel’s formula, J_{n+1}(x) N_n(x) − N_{n+1}(x) J_n(x) = 2/π x and the asymptotic form of the Bessel functions, the probability density assumes the simplified forms

|ψ_m (0)|^2 ∼ π 4 α^2 m^2 (ϵ^2_3 + 4 m^2) , m ≫ 1 r_c ; (29)

|ψ_m (0)|^2 ∼ ( 8 3 α^{2(1−β)} (2 α − ϵ_3)^2 ) m^{2 β+1}, m ≪ 1 r_c . (30)

Again, in this problem we have no zero mode, consequently, all the contribution to the Newtonian potential comes from the massive modes that we shall integrate out in the two regions below

V (r) = δV (r) =

M^{−3}_5 r ( 8 3 α^{2(1−β)} (2 α − ϵ_3)^2 ∫ 1_{rc} 0 m^{2 β+1} e^{−m r}dm + π 4 α^2 ∫_∞ 1 rc m^2 (ϵ^2_3 + 4 m^2) e^{−m r} dm ) , (31)

where we define the crossover scale r_c = 2/ϵ_3. In the limit of the crossover scale is very small, i.e., r_c → 0 (Δ → 0 necessarily), the first integral in (31) is dominant and we naturally find the familiar behavior of the Randall-Sundrum scenario [1] V (r) ∼ 1 6 (Δ − 2)^2 M_5^3r^3

. (32)

On the other hand, for the crossover scale being very large, i.e., r_c → ∞ (Q ≫ 1) the second integral in (31) is dominant and we can find ΔV (r) at a distance r, using the relation Ei(i x) = ci(x)+i [1/2 π + si(x)], where ci(x) = − ∫_∞ x cos t/t and si(x) = − ∫_∞ x sin t/t, as follows V (r) ∼ 1 4 π Δ^2 Q^2 (2 + Δ)^2 ( e^{− ϵ3 r2} 4 r^2 M^3_5 π + ϵ_3 ( sin (_{ϵ3 r} 2 ) ci (_{ϵ3 r} 2 ) − cos (_{ϵ3 r} 2 ) si (_{ϵ3 r} 2 )) 16 r π M^3_5 ) . (33)

We can now discuss the large and small distance behavior comparing with the crossover scale.

For small distance, i.e., r/r_c ≪ 1 (Q ≪ 1), we obtain the following form V (r) ∼ ϵ_3 64 (2 + Δ)^2 M^3_5 r

Δ^2 Q^2 ( ϵ_3 ( γ + ln (ϵ_3 r 2 )) − ϵ_3 r 2 + π 2 + O(r^2) ) , r ≪ r_c. (34) Notice that at short distances the potential has the correct 4D Newtonian 1/r scaling, with a subsequently correction by the logarithmic repulsion term in (34).

Finally, for large distance, i.e., r/r_c ≫ 1, the potential in Eq. (33) gives V (r) ∼ 1 64 (4 + 2 Q) Δ^2 (2 + Δ)^2 Q^2 ( 1 r^2M_5^3 ) ∼ 1 r^2 , r ≫ r_c, (35) which is in accordance with the laws of 5D gravity [5, 6].

• iii) Δ = −1 case.

The potential (7) now reduces to U(z) = −2 Q δ(z) in this case — See Fig. 3. The probability density for the

FIG. 3: The potential (7) as a function of z, for Δ = −1, and Q = 1.

massive modes is given in terms of the scattering states governed by |ψ_m (0) |^2 that depends on the magnitude of the transmission T or reflection R coefficients. As usual, the jump condition at z = 0, [ d dz ψ_m (z) ] z=0 = −2 Q ψ_{(m)} (0) (36)

is obtained from the Schroedinger-like equation by using the properties of the delta function. We now consider the general wave functions for scattered states in the form

ψ_{1m} (z) = e^{iκ z} + R e^{−iκ z}, z < 0 ψ_{2m} (z) = T e^{iκ z}, z > 0 (37)

where κ is the wave number. The simplified form for the probability density in this case is

|T |^2 = |ψ_m (0)|^2 = m^2 2 Λ + m^2

. (38)

Now we proceed as in the previous cases. Again, all the contribution to the Newton’s law arises from the continuous massive modes on the brane such that we have

V (r) = δV (r) =

M^{−3}_5 r ∫_∞ 0 m^2 2 Λ + m^2 e^{−m r}dm, (39) where we define the crossover scale r_c = 1/ √ 2 Λ. Notice this asks a bulk positive cosmological constant.

For the crossover scale being very large, i.e., r_c → ∞, the integral in (39) turns

V (r) = 1 r r_c M_5^3 ( sin ( r r_c ) ci ( r r_c ) − cos ( r r_c ) si ( r r_c )) . (40)

For small distance, i.e., r/r_c ≪ 1 we obtain the following form V (r) ∼ 1 r r_cM_5^3 ( r r_c ( γ + ln ( r r_c )) − r r_c + π 2 + O(r^2) ) , r ≪ r_c. (41) As we have found, in the previous cases, at short distances the potential has the correct 4D Newtonian 1/r scaling.

On the other hand, for large distance, i.e., r/r_c ≫ 1, the potential in Eq. (40) gives V (r) ∼ 1 r^2 M_5^3 π , r ≫ r_c, (42) which naturally signalizes a 5D gravity behavior [5, 6].

• iv) −2 < Δ < −1 case.

In this last case, the Schroedinger-like potential (7) is formaly the same as given in (24), i.e., U(z) = Q^2 Δ^2

|Δ + 1| ( 1 −^{(Δ+2)}_{|Δ|} Q|z| ) − 2 Q |Δ| δ(z) , (43)

which massive modes solution of the Schroedinger-like problem is given by [21]

ψ̃^{(m)} (z) = K^{(m)}_3 √ 1 + α_1 |z| ( J_{β1} ( m (1 + α_1 |z|) α_1 ) + F_4(m) N_{β1} ( m (1 + α_1 |z|)

α_1 )) , (44)

in terms of the Bessel functions of first and second kind, J_{β1} and N_{β1} respectively, where α_1 =^{(|Δ|−2) Q}_{|Δ|} , β_1 = 1 2 √_{8−8 |Δ|+Δ2}

(|Δ|−2) . This problem is similar to that of a particle trapped into an infinite box up to a delta function that

we use to impose boundary conditions — See Fig. 4. The jump condition at z = 0, is given by

FIG. 4: The potential (7) as a function of z, for Δ = −3/2, and Q = 1. [ d dz ψ_m (z) ] z=0 = − 2 Q |Δ| ψ_m (0) . (45)

The asymptotic behavior of |ψ_m (0) |^2 are given in terms of the normalization factor K^{(m)}_3 and F_4(m), i.e.

|K^{(m)}_3 |^2 = m 2 α_1 (1 + F^2_4 (m))

, F_4 (m) = ( −2 J_{β1+1} (_m α_1 ) m + ϵ_4J_{β1} (_m α_1 )) ( −2 N_{β1+1} (_m α_1 ) m + ϵ_4N_{β1} (_m α_1 )), (46) where ϵ_4 =^Q_{|Δ|} (−|Δ| + 2 β_1 (|Δ| − 2)). Thus, the asymptotic probability density assumes the simplified forms

|ψ_m (0)|^2 ∼ π 4 α^2_1 m^2 (ϵ^2_4 + 4 m^2) , m ≫ 1 r_c ; (47)

|ψ_m (0)|^2 ∼ ( 8 3 α_1^{2(1−β1)} (2 α_1 − ϵ_4)^2 ) m^{2 β1+1}, m ≪ 1 r_c , (48)

and the boundary conditions of the potential applied to the wavefunction, Eq. (44), ψ^{(m)} ( 1 α_1 ) = 0, z > 0; ψ^{(m)} ( − 1 α_1 ) = 0, z < 0 (49)

allows us to determine how the parameter ϵ_4 is related to the graviton masses, i.e.

m^2 ∼ 1 4 ϵ^2_4 J_{β1} (_m α_1 ) J_{β1+1} (_m α_1 ) 2 . (50)

For α_1 ≪ 1 (or in terms of the bulk cosmological constant |Λ| ≫ 1), in the asymptotic regime the solution of the Eq. (50) is approximately given by 2 ϵ_4 m

= tg ( m α_1 − (2 β_1 + 1)π 4 ) ⇒ m^2 ≃ k^2 π^2 α^2_1 4 , k = 1, 2, 3... . (51) In such a regime, it is reasonable to approximate the potential generated by discrete massive graviton states as a summation of Yukawa-like potentials, which makes the total effective potential to have the form [2, 8, 9]

V (r) = ψ^2_0 (0) e^{−m0 r} r + ∑ n ψ^2_n(0) e^{−m0 r} r , (52)

where the first term is contribution of zero mode and the second term corresponds to the correction term which is generated by the exchange of KK-modes. The set of discrete states obtained, however, may be replaced by a continuous treatment for α_1 ≪ 1, such that ∑ n → ∫ . In this problem we have no zero modes, then our analysis focus on in two distinct regions from the second term. As in previous cases, we integrate out the massive modes as follows

V (r) = δV (r) =

M^{−3}_5 r ( 8 3 α_1^{2(1−β1)} (2 α_1 − ϵ_4)^2 ∫ 1_{rc} 0 m^{2 β1+1} e^{−m r}dm + π 4 α^2_1 ∫_∞ 1 rc m^2 (ϵ^2_4 + 4 m^2) e^{−m r} dm ) , (53)

where we define the crossover scale r_c = 2/ϵ_4.

Once again, in the limit of the crossover scale is very small, i.e., r_c → 0 (Δ → −4 + 2 √ 2,^1√_{|Λ|} → 0), the first integral in (53) is dominant and we find the familiar behavior of Randall-Sundrum scenario [1] V (r) ∼ 1 6 (Δ − 2)^2 r^3M_5^3

. (54)

On the other hand, for the crossover scale being very large, i.e., r_c → ∞ (|Δ| ≪ Q) the second integral in (53) is dominant and we obtain the potential as follows V (r) ∼ 1 4 π Δ^2 Q^2 (2 + Δ)^2 ( e^{− ϵ4 r2} 4 r^2 M^3_5 π + ϵ_4 ( sin (_{ϵ4 r} 2 ) ci (_{ϵ4 r} 2 ) − cos (_{ϵ4 r} 2 ) si (_{ϵ4 r} 2 )) 16 r π M^3_5 ) . (55)

For small distance, i.e., r/r_c ≪ 1 we obtain the following form V (r) ∼ ϵ_4 64 (2 + Δ)^2 M^3_5 r

Δ^2 Q^2 ( ϵ_4 ( γ + ln (ϵ_4 r 2 )) − ϵ_4 r 2 + π 2 + O(r^2) ) , r ≪ r_c. (56) Notice that, at this limit the potential has the correct 4D Newton’s law with 1/r scaling.

Finally, for large distance, i.e., r/r_c ≫ 1, the potential in Eq. (55) gives V (r) ∼ 1 32 (4 + ϵ_4) (2 + Δ)^2

Δ^2 Q^2 ( 1 r^2M^3_5 ) ∼ 1 r^2 , r ≫ r_c, (57) that recovers the laws of 5D gravity [5, 6].

IV. CONCLUSIONS

In this paper, by considering massive graviton modes coming from a dilatonic domain wall solution of fivedimensional supergravity, we have shown that the gravitational potential corresponds to the usual Newton potential which scales with (→ 1/r) at short distance and has a five-dimensional behavior scaling with (→ 1/r^2) at large distance compared with the crossover scale which depends on the parameter Δ chosen in several ranges worked in the present analysis. This study showed that from a five-dimensional supergravity theory with a scalar field describing the dilaton, the emergence of four-dimensional gravity on a 3-brane is possible even if the brane is embedded in an asymptotic five-dimensional flat space, below a crossover scale and the manifestation of extra dimensions does not necessarily occur only at short distances as commonly expected. Localization of gravity in other dilatonic domain walls configurations has also been addressed in [13, 22, 23].

Acknowledgments

The authors would like to thank CAPES, CNPq, CAPES/PROCAD/PNPD and PRONEX/CNPq/FAPESQ for partial support.

[1] L. Randall and R. Sundrum, Phys. Rev.Lett. 83 (1999) 4690, hep-th/9906064.

[2] O. DeWolfe, D. Z. Freedman, S. S. gubser and A. Karch, Phys. Rev. D 62 (2000) 046008, hep-th/9909134; C. Csaki, J. Erlich, T. J. Hollowood and Y. Shirman, Nucl. Phys. B 581 (2000) 309, hep-th/0001033; G. W. gibbons and N. D. Lambert, Phys. Lett. B 488 (2000) 90, hep-th/0003197; K. Skenderis and P. K. Townsend, Phys. Lett. B 468 (1999) 46, hep-th/9909070; F. Brito, M. Cvetic and S. Yoon, Phys. Rev. D 64 (2001) 064021, hep-ph/0105010; D. Bazeia, F. A. Brito and J. R. S. Nascimento, Phys. Rev. D 68 (2003) 085007, hep-th/0306284; F. A. Brito, F. F. Cruz and J. F. N. Oliveira, Phys. Rev. D 71 (2005) 083516, hep-th/0502057; D. Bazeia and A.R. Gomes, JHEP 0405, 012 (2004); [arXiv:hep-th/0403141]; M. Cvetic and N.D. Lambert, Phys. Lett. B 540 (2002) 301, hep-th/0205247; H. A. Chamblin and H. S. Reall, Nucl. Phys. B 562, 133 (1999) [arXiv:hep-th/9903225]; G. Alencar, R. R. Landim, M. O. Tahim and R. N. C. Filho, arXiv:1207.3054 [hep-th]; R. R. Landim, G. Alencar, M. O. Tahim and R. N. Costa Filho, JHEP 1202, 073 (2012) [arXiv:1110.5855 [hep-th]].

[3] D. Z. Freedman, C. Nunez, M. Schnabl and K. Skenderis, Phys. Rev. D 69 (2004) 104027, hep-th/0312055. [4] M. Cvetic, Int. J. Mod. Phys. A 16 (2001) 891, hep-th/0012105.

[5] R. Gregory, V.A. Rubakov, and S.M. Sibiryakov, Phys. Rev. Lett., 84 (2000) 5928, hep-th/0002072. [6] G. Dvali, G. Gabadadze, M. Porrati, Phys. Lett. B 485 (2000) 208, hep-th/0005016; g. Kofinas, E. Papantonopoulos, and I. Pappa, Phys. Rev. D 66 (2002) 104014, hep-th/0112019; g. Kofinas, JHEP 0108 (2001) 034, hep-th/0108013.

[7] A. Karch and L. Randall, JHEP 0105, 008 (2001); [arXiv:hep-th/0011156] [8] M.D. Schwartz, Phys. Lett. B 502, 223 (2001); [arXiv:hep-th/0011177]. [9] A. Miemiec, Fortsch. Phys. 49, 747 (2001); [arXiv:hep-th/0011160]. [10] J. F. Vazquez-Poritz, [arXiv:hep-th/0101057].

[11] D. Bazeia, F. A. Brito and A. R. Gomes, JHEP 0411, 070 (2004) [hep-th/0411088]. [12] R. C. Fonseca, F. A. Brito and L. Losano, Phys. Lett. B 697, 493 (2011) [arXiv:1012.2349 [hep-th]]. [13] R. C. Fonseca, F. A. Brito and L. Losano, JCAP 1201, 032 (2012) [arXiv:1106.5719 [hep-th]]. [14] M. Ito, Phys. Lett. B 528 (2002) 269, hep-th/0211268. [15] I. P. Neupane, arXiv:1011.6357 [hep-th].

[16] M. Cvetic and H. H. Soleng, Phys. Rept. 282 (1997) 159, hep-th/9604090. [17] D. Youm, Nucl. Phys. B576 (2000) 106. [18] D. Youm, Nucl. Phys. B589 (2000) 315.

[19] D. Youm, Nucl. Phys. B596 (2001) 289, [arXiv:hep-th/0007252]. [20] M. Cvetic, H. Lu and C. N. Pope, Phys. Rev. D 63, 086004 (2001) [hep-th/0007209]. [21] M. Abramowitz and I. A. Stegum, Handbook of Mathematical Functions, 1964.

[22] N. Alonso-Alberca, B. Janssen and P. J. Silva, Class. Quant. Grav. 17, L163 (2000) [arXiv:hep-th/0005116]. [23] S. Nojiri, O. Obregon, S. D. Odintsov and S. Ogushi, Phys. Rev. D 62, 064017 (2000) [arXiv:hep-th/0003148].