arXiv:1103.1774v1 [hep-th] 9 Mar 2011

Asymptotically AdS Magnetic Branes in (n + 1)-dimensional Dilaton Gravity

M. H. Dehghani^{1,2∗} and A. Bazrafshan^1 1 Physics Department and Biruni Observatory, College of Sciences, Shiraz University, Shiraz 71454, Iran 2 Research Institute for Astrophysics and Astronomy of Maragha (RIAAM), Maragha, Iran

Abstract

We present a new class of asymptotically AdS magnetic solutions in (n + 1)-dimensional dilaton gravity in the presence of an appropriate combination of three Liouville-type potentials. This class of solutions is asymptotically AdS in six and higher dimensions and yields a spacetime with longitudinal magnetic field generated by a static brane. These solutions have no curvature singularity and no horizons but have a conic geometry with a deficit angle. We find that the brane tension depends on the dilaton field and approaches a constant as the coupling constant of dilaton field goes to infinity. We generalize this class of solutions to the case of spinning magnetic solutions and find that, when one or more rotation parameters are nonzero, the brane has a net electric charge which is proportional to the magnitude of the rotation parameters. Finally, we use the counterterm method inspired by AdS/CFT correspondence and compute the conserved quantities of these spacetimes. We found that the conserved quantities do not depend on the dilaton field, which is evident from the fact that the dilaton field vanishes on the boundary at infinity.

∗ email address: mhd@shirazu.ac.ir

The AdS/CFT duality [1] presents a powerful framework with which one may study strongly coupled gauge theories. A large volume of calculational evidence indicates that that a (relativistic) conformal field theory (CFT) can be mapped to gravitational dynamics in an asymptotically anti-de Sitter (AdS) spacetime of one larger dimension. One typical and fascinating aspect of this duality is the property of holography, which states that the amount of information contained in the boundary gauge theory is the same as the one contained in the bulk string theory. This holographic toolbox has since spread its usage to many branches of physics from hydrodynamic [2] and non-Fermi liquids [3] to condensed matter systems [4]. So, here we are interested in asymptotically AdS horizonless solutions of dilaton gravity.

Dilaton gravity can be thought as the low energy limit of string theory. Indeed, in the low energy limit of string theory, one recovers Einstein gravity along with a scalar dilaton field which is nonminimally coupled to the gravity and other fields such as gauge fields [5]. The action of dilaton gravity also contains a Liouville-type potential, which can be resulted by the breaking of spacetime supersymmetry in ten dimensions. This Liouvilletype potential also represents the higher dimensional cosmological constant in non-critical string theories [6]. In the presence of a Liouville-type potential, the solutions are neither asymptotically flat nor AdS. This is due to the fact that maximally symmetric spacetimes are not the solutions of field equations in the presence of Liouville-type potential [7]. Some attempts have been made to explore various solutions of Einstein-Maxwell-dilaton (EMD) gravity in the presence of Liouville-type potential [8]. Also, the solutions of dilaton gravity in the presence of two Liouville-type potentials have been investigated by a number of authors both in the context of Friedman-Robertson-Walker scalar field cosmology [9] and Einstein-Maxwell-dilaton (EMD) black holes [10]. Again in the presence of two Liouvilletype potentials, the solutions are neither asymptotically flat nor (A)dS. Rotating black brane solutions with flat boundary in the presence of one and two Liouville-type potentials have been also obtained in [11].

Besides investigating various aspects of black hole solutions, there has been a lot of interest in studying the horizonless solutions in various theories of gravity. Strong motivation for studying such kinds of solutions comes from the fact that they may be interpreted as cosmic strings/branes. Cosmic strings/branes are topological defects which are inevitably formed during phase transitions in the early universe, and their subsequent evolution and observational signatures must therefore be understood. The string model of structure formation may help to resolve one of cosmological mystery, the origin of cosmic magnetic fields [12]. There is strong evidence from all numerical simulations for the scaling behavior of the long string network during the radiation-dominated era. Apart from their possible astrophysical roles, topological defects are fascinating objects in their own right. These spacetime, which have flat hypersurface of t = constant, r = constant, have no curvature singularity, no horizon, but they have a conic singularity. The 4-dimensional solutions of this type in Einstein gravity with vanishing cosmological constant have been considered in [13]. Similar static solutions in the context of cosmic string theory have been found in [14]. All of these solutions [13, 14] are horizonless and have a conical geometry; they are everywhere flat except at the location of the line source. An extension to include the electromagnetic field has also been done [15]. Asymptotically AdS spacetimes generated by static and spinning magnetic sources in three and four-dimensional Einstein-Maxwell gravity with negative cosmological constant have been investigated in [16]. These kinds of solutions in dilaton gravity in the presence of one Liouville-type potential have been constructed and their properties have been investigated [17]. Unfortunately, these solutions [17] are neither asymptotically flat nor (A)dS. The purpose of the present paper is to construct a new class of static and spinning magnetic dilaton string solutions which produces a longitudinal magnetic field in the background of anti-de Sitter spacetime. Recently, some attempts have been made to construct solutions in dilaton gravity which are asymptotically AdS with an appropriate combination of three Liouville-type dilaton potentials [18, 19]. The four-dimensional magnetic solution of EMD gravity in the presence of three Liouville-type potentials has been introduced in [20]. While this solution has not exact asymptotic AdS behavior, we like to construct asymptotically AdS horizonless solutions in this theory in (n + 1) dimensions.

The outline of this paper is as follows. In the next section, we present a brief review of the field equations of Einstein-Maxwell dilaton gravity. In Sec II, we obtain the (n + 1)- dimensional horizonless solutions of the EMD gravity in the presence of three Liouvilletype potentials and investigate their properties. Section III is devoted to the horizonless spacetimes generated by spinning magnetic branes. We calculate the conserved quantities of these spacetimes in Sec. IV. Finally, we give some concluding remarks.

I. BASIC FIELD EQUATIONS

The action of Einstein-Maxwell dilaton gravity in (n + 1) dimensions is

I_G = − 1 16π ∫ M d^{n+1}x √ −g ( R − 4 n − 1 (∇Φ)^2 − V (Φ) − e^{−4αΦ/(n−1)}F_{μν} F^{μν} )

− 1 8π ∫ ∂M d^nx √ −hK, (1) where R is the Ricci scalar curvature, Φ is the dilaton field, α is a constant determining the strength of coupling of the scalar and electromagnetic fields, F_{μν} = ∂_{[μ}A_{ν]} is the electromagnetic tensor field and A_μ is the vector potential. The last term in Eq. (1) is the Gibbons-Hawking boundary term which is chosen such that the variational principle is welldefined, and K is the trace of the extrinsic curvature K^{ab} of any boundary(ies) ∂M of the manifold M, with induced metric(s) h_{ab}. We consider the solutions of EMD theory in the presence of the following potential

V (Φ) = 2Λ n(n − 2 + α^2)^2 {−α^2 [ (n + 1)^2 − (n + 1)α^2 − 6(n + 1) + α^2 + 9 ] e^{−4(n−2)Φ/[(n−1)α]} +(n − 2)^2(n − α^2)e^{4αΦ/(n−1)} + 4α^2(n − 1)(n − 2)e^{−2Φ(n−2−α2 )/[(n−1)α]}}, (2)

where Λ is the cosmological constant. It is clear that the cosmological constant is coupled to the dilaton in a very nontrivial way. This type of dilaton potential, which is a combination of three Liouville potentials was introduced for the first time in [18]. The motivation for this dilaton potential is that the solutions in the presence of this potential is asymptotically (A)dS in six and higher dimensions. Here, we are interested in the asymptotically AdS solutions and therefore we define Λ = −n(n−1)/2l^2, where l is the AdS radius of spacetime.

The field equations in (n + 1) dimensions are obtained by varying the action (1) with respect to the gravitational field g_{μν} , the dilaton field Φ and the gauge field A_μ : R_{μν} = 4 n − 1 ( ∂_μΦ∂_ν Φ + 1 4 g_{μν} V (Φ) ) + 2e^{−4αΦ/(n−1)} ( F_{μη} F^η_ν − 1 2(n − 1) g_{μν} F_{λη} F^{λη} ) , (3)

∇^2Φ = n − 1 8 ∂V ∂Φ − α 2 e^{−4αΦ/(n−1)}F_{λη}F^{λη}, (4) ∂_μ (√ −ge^{−4αΦ/(n−1)}F^{μν} ) = 0. (5)

II. STATIC MAGNETIC BRANES

In this section, we want to obtain the (n + 1)-dimensional solutions of Eqs. (3)-(5) which produce longitudinal magnetic fields in the Euclidean submanifold spans by x^i coordinates (i = 1, ..., n − 2). We will work with the following ansatz

ds^2 = − ρ^2 l^2

R^2(ρ)dt^2 + dρ^2 f(ρ)g(ρ) + l^2f(ρ)dφ^2 + ρ^2 l^2

R^2(ρ)dX^2, (6)

where the constant l have dimension of length and dX^2 = ∑_{n−2} i=1 (dx^i)^2. Note that the coordinates x^i ( −∞ < x^i < ∞) have the dimension of length, while the angular coordinate φ is dimensionless as usual and ranges in 0 ≤ φ < 2π. The motivation for this metric gauge [g_{tt} ∝ −ρ^2 and (g_{ρρ})^{−1} ∝ g_{φφ}] instead of the usual Schwarzschild gauge [(g_{ρρ})^{−1} ∝ g_{tt} and g_{φφ} ∝ ρ^2] comes from the fact that we are looking for a magnetic solution instead of an electric one. The Maxwell equation (5) can be integrated immediately to give

F_{φρ} = qle^{4αΦ/(n−1)} (ρR)^{n−1}g^{1/2}(ρ)

, (7)

where q is the constant of integration. Using metric (6) and the Maxwell field (7), the field equations (3)-(5) reduce to

2 ( R^{′′} R + 3 R^{′2} R^2 + 8R^′ rR + 3 r^2 ) fg + (2 f^′g + fg^′) ( R^′ R + 1 r ) R^′ R + 2 n − 1 { V + 2q^2 l^2(rR)^{2( n−2)} e^{4αΦ/(n−1)} } = 0, 16 ( R^{′′} R + 2R^′ rR ) fg + 2gf^{′′} + 8(fg^′ + gf^′) ( R^′ R + 1 r ) + g^′f^′ + 4 n − 1 { V + 4fgΦ^{′2} +

2 (n − 2) q^2 l^2(rR)^{2 (n−1)} e^{4 α Φ/(n−1)} } = 0, 2fgΦ^{′′} + { 8 ( R^′ R − 1 r ) fg + 2 f^′g − g^′f } Φ^′ + 2αq^2 l^2(rR)^{2( n−1)} e^{4α Φ/(n−1)} − n − 1 4 dV dΦ = 0, 2gf^{′′} + { 8 ( R^′ R + 1 r ) g + g^′ } f^′ + 4 n − 1 { V + 2 (n − 2) q^2 l^2(rR)^{2( n−1)} e^{4α Φ/(n−1)} } = 0, (8)

where prime denotes the differentiation with respect to ρ. There are four unknown functions f(ρ), g(ρ), R(ρ) and Φ(ρ) in the above four field equations. One can show that the following solution f(ρ) = ρ^2 l^2

Γ^γ (ρ) − ( c ρ )_{n−2} Γ^{1−γ(n−2)}(ρ), g(ρ) = Γ^{(n−3)γ} (ρ), R(ρ) = Γ^{γ/2}(ρ), Φ(ρ) = (n − 1)α 2(n − 2 + α^2) ln Γ(ρ) (9)

satisfies all the components of field equations (8), where

Γ(ρ) = 1 + ( b ρ )_{n−2}

γ = 2α^2 (n − 2) (n − 2 + α^2) , q^2 =

(n − 1) (n − 2)^2 l^2 2 (n − 2 + α^2)

(cb)^{n−2}, (10)

and b and c are constants of integration, which are assumed to be positive.

In order to study the general structure of these solutions, we first consider the asymptotic behavior of these solutions. The metric (6) at large ρ can be written as

ds^2 = − ρ^2 l^2 dt^2 + dρ^2 h_∞(ρ) + l^2f_∞(ρ)dφ^2 + ρ^2 l^2

R^2(ρ)dX^2, (11)

where

f_∞(ρ) = h_∞(ρ) =^1_{l2} {( ρ +^{α2b}_{1+α2}

)_2 −^{α2b2}_{(1+α2)2} } n = 3 h_∞(ρ) −^{α2b2}_{2+α2} =^{ρ2}_{l2} +^{α2b2}_{2+α2} n = 4

ρ^2 l^2 n ≥ 5

. (12)

As one see from Eqs. (11) and (12), the solutions for n ≤ 4 have not exact asymptotic AdS behavior, while they are asymptotically AdS for n ≥ 5. Indeed, the metric given by Eqs. (11) and (12) satisfy Einstein’s equation with negative cosmological constant only for n ≥ 5. In this paper we are interested in asymptotically AdS solutions, and therefore we consider the solutions in six and higher dimensions. Specially in Sec. IV, we use the counterterm method inspired by AdS/CFT correspondence in order to calculate the conserved quantities of the solutions.

Second, we look for curvature singularities. It is easy to show that the Kretschmann scalar R_{μνλκ}R^{μνλκ} diverges at ρ = 0 and therefore one might think that there is a curvature singularity located at ρ = 0. However, as we will see below, the spacetime will never achieve ρ = 0. The function f(ρ) is negative for ρ < r_+ and positive for ρ > r_+, where r_+ is the largest real root of f(ρ) = 0. Indeed, g_{ρρ} and g_{φφ} are f(ρ) and f^{−1}(ρ)g^{−1}(ρ), and since g(ρ) is positive both of g_{ρρ} and g_{φφ} become negative when f(ρ) < 0 (which occurs forρ < r_+).

This leads to an apparent change of signature of the metric from (n−1)+ to (n−2)+ as one extends the spacetime to ρ < r_+, which is not allowed. So, one cannot extend the spacetime to ρ < r_+. To get rid of this incorrect extension, we introduce the new radial coordinate r as r^2 = ρ^2 − r^2_+ ⇒ dρ^2 = r^2 r^2 + r^2_+ dr^2. With this new coordinate, the metric (6) is

ds^2 = − r^2 + r^2_+

l^2

R^2(r)dt^2 + l^2f(r)dφ^2 + r^2 (r^2 + r^2_+)f(r)g(r) dr^2 + r^2 + r^2_+

l^2

R^2(r)dX^2, (13)

where the coordinates r assumes the values 0 ≤ r < ∞, and f(r), g(r), R(r) and Φ(r) are now given as f(r) = r^2 + r^2_+

l^2

Γ^γ − c^{n−2} (r^2 + r^2_+)^{(n−2)/2} Γ^{1−γ(n−2)}, g(r) = Γ^{(n−3)γ} ,

R(r) = Γ^{γ/2},

Φ(r) = (n − 1)α 2(n − 2 + α^2) ln Γ,

Γ = 1 + b^{n−2} (r^2 + r^2_+)^{(n−2)/2}

. (14)

The function f(r) is positive in the whole spacetime and is zero at r = 0. One can easily show that the Kretschmann scalar and all other curvature invariants (such as Ricci scalar, Ricci square and so on) do not diverge in the range 0 ≤ r < ∞. However, the Taylor expansion of the metric in the vicinity of r = 0 is

ds^2 = r^2_+ l^2

Γ^γ_0 [−dt^2 + dX^2] + 1 r^2_+G_0 ( dr^2 + H_0(lr)^2dφ^2 ) , (15)

where

Γ_0 = Γ(r = 0) = 1 + ( b r_+ )_{n−2} , (16)

G_0 = 1 2 [ Γ^{(n−3)γ} d^2f dr^2 ] r=0 = 1 2l^2 Γ^{(n−2)γ} 0 [n − (γ + 1)(n − 2) (n − 2)γ − 1 ( 1 Γ_0

− 1)], (17)

H_0 = 1 4 r^2_+ [ Γ^{(n−3)γ} ( d^2f dr^2 )^2 ] r=0 = r^2_+ 4l^4 Γ^{(n−1)γ} 0 [n − (γ + 1)(n − 2) (n − 2)γ − 1 ( 1 Γ_0

− 1)]^2, which shows that the spacetime has a conic geometry with a conical singularity at r = 0, since lim_{r→0} 1 r √ g_{φφ} g_{rr} ≠ 1. (18)

That is, as the radius r tends to zero, the limit of the ratio “circumference/radius” is not 2π, and therefore the spacetime has a conical singularity at r = 0. The canonical singularity can be removed if one identifies the coordinate φ with the period P eriod_ϕ = 2π ( lim_{r→0} 1 r √ g_{φφ} g_{rr} )_{−1} = 2π(1 − 4τ), (19)

where τ is given by τ = 1 4 [ 1 − 2l(n − 2 + α^2)Γ_0^{1−(n−1)γ/2} {n + [(n − 2)^2 − nα^2](1 − Γ_0)} r_+ ] . (20)

This metric describes a spacetime that has a conical singularity at r = 0 with a deficit angle δ = 8πτ, which is proportional to the brane tension at r = 0 [22]. The brane tension increases as α increases and approaches

τ = 1 4 1 − 2l nr_+ [ 1 + ( b r_+ )_{n−1}]−1/(n−2) (21)

as α goes to infinity.

III. SPINNING MAGNETIC BRANES

Now, we want to endow our spacetime solution with a global rotation. In order to add angular momentum to the spacetime, one may perform the following rotation boost in the t − φ plane t → Ξt − aφ φ → Ξφ − a l^2 t, (22)

where a is the rotation parameter and Ξ = 1 + a^2/l^2. Performing the transformation (22) to the metric (6) we obtain

ds^2 = − ρ^2 l^2

R^2(ρ) (Ξdt − adφ)^2 + dρ^2 ρ^2fg + l^2f(ρ) ( a l^2 dt − Ξdφ )_2 + ρ^2 l^2

R^2(ρ)dX^2, (23) where the metric functions are the same as those given in Eq. (9) and (10). The nonvanishing electromagnetic field components become F_{φρ} = qlΞe^{4αΦ/(n−1)} (ρR)^{n−1}g^{1/2} (24) F_{tρ} = − a l^2Ξ

F_{φρ} (25)

The transformation (22) generates a new metric, because it is not a permitted global coordinate transformation. This transformation can be done locally but not globally [23]. Therefore, the metrics (13) and (23) can be locally mapped into each other but not globally, and so they are distinct. Indeed, the metric (23) provides an example of gravitational fields which is locally static but globally stationary. Again, this spacetime has no horizon and curvature singularity, but it has a conical singularity at r = 0.

We also study the rotating solutions with more rotation parameters. We now generalize the above solution given in Eq. (13) with k ≤ [n/2] rotation parameters, where [n/2] is the integer part of n/2. This generalized solution can be written as

ds^2 = − ρ^2 l^2

R^2(ρ) ( Ξdt − k∑ i=1 a_idφ^i )_2 + f(ρ) ( √ Ξ^2 − 1dt − Ξ √ Ξ^2 − 1 k∑ i=1 a_idφ^i )_2

+ dr^2 f(ρ)g(ρ) + r^2 l^2(Ξ^2 − 1)

R^2(ρ) k∑ i<j (a_idφ_j − a_j dφ_i)^2 + r^2 l^2

R^2(ρ)dX^2,

Ξ^2 = 1 + k∑ i=1 a^2_i l^2

. (26)

The nonvanishing components of the electromagnetic field tensor are

F_φi_ρ = qlΞa_ie^{4αΦ/(n−1)} (Ξ^2 − 1)^{1/2}(ρR)^{n−1}g^{1/2} , F_{tρ} = − (Ξ^2 − 1) Ξa_i F_φi_ρ. (27)

IV. CONSERVED QUANTITIES

Although our solutions are in the presence of dilaton field, they are asymptotically AdS in six and higher dimensions. Thus, one can calculate the conserved quantities through the use of the counterterm method inspired by AdS/CFT correspondence for these asymptotically AdS solutions. This method has been used by many authors on Einstein gravity [21]. Our solutions are asymptotically AdS in six and higher dimensions, and therefore we apply the counterterm method to calculate the conserved quantities for n ≥ 5. For asymptotically AdS solutions with flat boundary ^R_{abcd}(h) = 0, the finite energy-momentum tensor is T_{ab} = 1 8π {Kh_{ab} − K_{ab} − n − 1 l h_{ab}}, (28) To compute the conserved charges of the spacetime, we choose a spacelike surface B in ∂M with metric σ_{ij} and write the boundary metric in Arnowitt-Deser-Misner form: h_{ab}dx^adx^a = −N^2dt^2 + σ_{ij} ( dφ^i + V^idt ) ( dφ^j + V^j dt ) , (29)

where the coordinates φ^i are the angular variables parametrizing the hypersurface of constant r around the origin and N and V^i are the lapse and shift functions, respectively. When there is a Killing vector field ξ on the boundary, then the quasilocal conserved quantities associated with the stress tensors of Eq. (28) can be written as Q(ξ) = ∫ B d^{n−1}φ √ σT_{ab}n^aξ^b, (30) where σ is the determinant of the metric σ_{ij} and n^a is the timelike unit normal vector to the boundary B. In the context of counterterm method, the limit in which the boundary B becomes infinite (B_∞) is taken, and the counterterm prescription ensures that the action and conserved charges are finite. For our case of horizonless rotating spacetimes, the first Killing vector is ξ = ∂/∂t, and therefore its associated conserved charge of the brane is the mass per unit volume calculated as M = ∫ B_∞ d^{n−1}φ √ σT_{ab}n^aξ^b = 1 16π [n(Ξ^2 − 1) + 1] (c l )_{n−2} . (31)

The second class of conserved quantities is the angular momentum per unit volume associated with the rotational Killing vectors ζ_i = ∂/∂ϕ^i, which may be calculated as

J_i = ∫ B_∞ d^{n−1}φ √ σT_{ab}n^aζ^b_i = − Ξ 8π (c l )_{n−2} a_i. (32)

For a_i = 0 (Ξ = 1), the angular momentum per unit volume vanishes, and therefore a_i’s are the rotational parameters of the spacetime.

Next, we calculate the electric charge of the solutions. To determine the electric field, we should consider the projections of the electromagnetic field tensor on special hypersurfaces. The normal to such hypersurfaces for the spacetimes with a longitudinal magnetic field is

u^0 = 1 N , u^r = 0, u^i = − N^i N , and the electric field is E^μ = g^{μρ}F_{ρν} u^ν. Then the electric charge per unit volume can be found by calculating the flux of the electromagnetic field at infinity, yielding Q = 1 4π q √ Ξ^2 − 1 l^{n−2} . (33)

Note that the electric charge is proportional to the rotation parameter and is zero for the case of static solutions. The electric charge (33) and the conserved quantities given by Eqs. (31) and (32) show that the metrics (6) and (26) cannot be mapped into each other globally.

V. CLOSING REMARKS

The maximally symmetric spacetimes are not the solutions of field equations of dilaton gravity in the presence of one or two Liouville-type potentials, but an appropriate combination of three Liouville-type potentials can support maximally symmetric spacetimes in six and higher-dimensions. In this paper, we found a new class of magnetic solutions in Einstein-Maxwell-dilaton gravity in the presence of three Liouville-type potentials, which are asymptotically AdS in six and higher-dimensions, and investigated the effects of the dilaton field on the properties of the spacetime. This class of solutions yields an (n + 1)-dimensional spacetime with a longitudinal nonlinear magnetic field [the only nonzero component of the electromagnetic field is F_{rφ}] generated by a static magnetic brane. We found that these solutions have no curvature singularity and no horizons, but have conic singularity at r = 0 with a deficit angle which is sensitive to the dilaton field. We found that, as the coupling constant α becomes larger, the brane tension increases and approaches to a constant as α goes to infinity. Also, it is worth to mention that one can have a curved spacetime without horizon or any kind of singularities (curvature, or conic) by fine tuning of the parameters of the spacetime such that the brane tension given in Eq. (20) vanishes.

We found that for the case of static spacetime, the electric field vanishes, and therefore the brane has no net electric charge. Next, we endow the spacetime with rotation. For the spinning brane, when the rotation parameters are nonzero, the brane has a net electric charge density which is proportional to the magnitude of the rotation parameters given by (Ξ^2 − 1)^{1/2}. We also applied the counterterm method inspired by AdS/CFT correspondence in order to calculate the conserved quantities of the spacetime in six and higher dimensions and found that these conserved quantities do not depend on α. This can be understand easily, since at the boundary at infinity the dilaton field vanishes (Φ(∞) = 0).

Acknowledgments

This work has been supported financially by Research Institute for Astronomy and Astrophysics of Maragha.

[1] J. M. Maldacena, Adv. Theor. Math. Phys. 2 (1998) 231 [Int. J. Theor. Phys. 38 (1999) 1113];

E. Witten, Adv. Theor. Math. Phys. 2 (1998) 253.

[2] P. K. Kovtun, D. T. Son, and A. O. Starinets, Phys. Rev. Lett. 94 (2005) 111601;

S. S. Gubser and A. Karch, Annu. Rev. Nucl. Part. Sci. 59 (2009) 145; M. Rangamani, Class. Quant. Grav. 26 (2009) 224003.

[3] H. Liu, J. McGreevy and D. Vegh, arXiv:0903.2477 [hep-th];

T. Faulkner, N. Iqbal, H. Liu, J. McGreevy and David Vegh, arXiv:1003.1728 [hep-th]. [4] S. A. Hartnoll, Class. Quant. Grav. 26 (2009) 224002;

S. A. Hartnoll, C. P. Herzog and G. T. Horowitz, Phys. Rev. Lett. 101 (2008) 031601; S. A. Hartnoll and P. K. Kovtun, Phys. Rev. D 76 (2007) 066001; C. P. Herzog, J. Phys. A 42 (2009) 343001;

C. Charmousis et. al., J. High Energy Phys. 11 (2010) 151.

[5] M. B. Green, J. H. Schwarz, and E. Witten, Superstring Theory (Cambridge University Press, Cambridge, England, 1987).

[6] L. J. Dixon and J. A. Harvey, Nucl. Phys. B 274 (1986) 93;

L. Alvarez-Gaume et. al. Phys. Lett. B 171 (1986) 155; E. Dudas and J. Mourad, Phys. Lett B 486 (2000) 172.

[7] S. Mignemi and D. L. Wiltshire, Class. Quantum Grav. 6 (1989) 987;

D. L. Wiltshire, Phys. Rev. D 44 (1991) 1100;

S. Mignemi and D. L. Wiltshire, Phys. Rev. D 46 (1992) 1475; S. J. Poletti and D. L. Wiltshire, Phys. Rev. D 50 (1994) 7269; S. J. Poletti and D. L. Wiltshire, Phys. Rev. D 50 (1994) 3753.

[8] K. C. K. Chan, J. H. Horne, and R. B. Mann, Nucl. Phys. B 447 (1995) 441;

R. G. Cai, J.Y. Ji, and Y. S. Myung, Nucl. Phys. B 495 (1997) 339; R. G. Cai, J.Y. Ji and K. S. Soh, Phys. Rev. D 57 (1998) 6547; R. G. Cai and Y. Z. Zhang, Phys. Rev. D 64 (2001) 104015; C. Charmousis, Class. Quant. Grav. 19 (2002) 83; R. G. Cai and A. Wang, Phys. Rev. D 70 (2004) 084042; G. Clement, D. Galtsov, and C. Leygnac, Phys. Rev. D 67 (2003) 024012; G. Clement and C. Leygnac, Phys. Rev. D. 70 (2004) 084018; C. Chamousis, B. Gouteraux, and J. Soda, Phys. Rev. D 80 (2009) 024028.

[9] M. Ozer and M.O. Taha, Phys. Rev. D 45 (1992) 997;

R. Easther, Class. Quant. Gravit. 10 (1993) 2203. [10] S. S. Yazadjiev, Class. Quant. Gravit. 22 (2005) 3875;

A. Sheykhi, N. Riazi, M. H. Mahzoon, Phys. Rev. D 74 (2006) 044025; A. Sheykhi, N. Riazi, Phys. Rev. D 75 (2007) 024021; A. Sheykhi, Phys. Rev. D 76 (2007) 124025; A. Sheykhi, Phys. Lett. B 662 (2008) 7.

[11] M. H. Dehghani and N. Farhangkhah, Phys. Rev. D 71 (2005) 044008;

A. Sheykhi et.al. Phys. Rev. D 74 (2006) 084016; M. H. Dehghani et. al. JCAP 02 (2007) 020.

[12] T. Vachaspati, A. Vilenkin, Phys. Rev. Lett. 67 (1991) 1057;

A. Vilenkin, E.P.S. Shellard, Cosmic Strings and Other Topological Defects, Cambridge University Press, New York, 1994.

[13] T. Levi-Civita, Atti Accad. Naz. Lincei, Cl. Sci. Fis., Mat. Nat., Rend. 28 (1919) 3;

L. Marder, Proc. R. Soc. London A244 (1958) 524. [14] A. Vilenkin, Phys. Rev. D 23 (1981) 852;

W. A. Hiscock, Phys. Rev. D 31 (1985) 3288; D. Harari and P. Sikivie, Phys. Rev. D 37 (1988) 3438; J. R. Gott, Astrophys. J. 288 (1985) 422;

A. D. Cohen and D. B. Kaplan, Phys. Lett. B 215 (1988) 65; R. Gregory, Phys. Lett. B 215 (1988) 663;

A. Banerjee, N. Banerjee, and A. A. Sen, Phys. Rev. D 53 (1996) 5508; M. H. Dehghani and T. Jalali, Phys. Rev. D 66 (2002) 124014;

M. H. Dehghani and A. Khodam-Mohammadi, Can. J. Phys./Rev. Can. Phys. 83/3 (2005) 229.

[15] B. C. Mukherji, Bull. Calcutta. Math. Soc. 30 (1938) 95;

W. B. Bonnor, Proc. Roy. S. London A67 (1954) 225; J. L. Safko, Phys. Rev. D 16 (1977) 1678.

[16] O. J. C. Dias and J. P. S. Lemos, J. High Energy Phys. 01 (2002) 006;

O. J. C. Dias and J. P. S. Lemos, Class. Quantum Grav. 19 (2002) 2265. [17] M. H. Dehghani, Phys. Rev. D 71 (2005) 064010;

A. Sheykhi et. al. Phys. Rev. D 75 (2007) 044020;

M. H. Dehghani, A. Sheykhi and S. H. Hendi, Phys. Lett. B 659 (2008) 476. [18] C. J. Gao, S. N. Zhang, Phys. Rev. D 70 (2004) 124019;

C. J. Gao, S. N. Zhang, Phys. Lett. B 605 (2005) 185. [19] A. Sheykhi, Phys. Rev. D 78 (2008) 064055;

S. H. Hendi et. al., arXiv:1002.0202;

A. Sheykhi et. al., Phys. Rev. D 81 (2010) 084040;

M. H. Dehghani and A. Bazrafshan, Int. J. Mod. Phys. D 19 (2010) 293. [20] A. Sheykhi, Phys. Lett. B 672 (2009) 101.

[21] M. Hennigson and K. Skenderis, J. High Energy Phys. 07, 023 (1998);

R. B. Mann, Phys. Rev. D 60, 104047 (1999);

R. Emparan, C. V. Johnson and R. Meyers, Phys. Rev. D 60, 104001 (1999); R. B. Mann, Phys. Rev. D 61, 084013 (2000);

S.Y. Hyun, W.T. Kim and J. Lee, Phys. Rev. D 59, 084020 (1999); V. Balasubramanian and P. Kraus, Commun. Math. Phys. 208, 413 (1999); S. N. Solodukhin, Phys. Rev. D 62, 044016 (2000);

P. Kraus, F. Larsen and R. Siebelink, Nucl. Phys. B 563, 259 (1999); A. M. Awad and C. V. Johnson, Phys. Rev. D 61, 084025 (2000).

S. Nojiri and S. D. Odintsov, Phys. Lett. B 521, 87 (2001); Erratum-ibid. B 542, 301 (2002); S. Nojiri and S. D. Odintsov, Phys. Rev. D 66, 044012 (2002); S. Nojiri, S. D. Odintsov and S. Ogushi, Int. J. Mod. Phys. A 17, 4809 (2002); S. Nojiri and S. D. Odintsov, Int. J. Mod. Phys. A 18, 2001 (2003). E. Witten, Adv. Theor. Math. Phys. 2, 505 (1998);

S. Das and R. B. Mann, J. High Energy Phys. 08, 033 (2000); A. Strominger, J. High Energy Phys. 10, 034 (2001); A. Strominger, J. High Energy Phys. 11, 049 (2001);

V. Balasubramanian, P. Horova and D. Minic, J. High Energy Phys. 05, 043 (2001); D. Klemm, Nucl. Phys. B 625, 295 (2002);

V. Balasubramanian, J. D. Boer and D. Minic, Phys. Rev D 65, 123508 (2002); S. Nojiri and S. D. Odintsov, Phys. Lett. B 519, 145 (2001); S. Nojiri and S. D. Odintsov, J. High Energy Phys. 12, 033 (2001); S. Nojiri and S. D. Odintsov, Phys. Lett. B 523, 165 (2001); S. Nojiri and S. D. Odintsov, Phys. Lett. B 528, 169 (2002); T. Shiromizu, D. Ida and T. Torii, J. High Energy Phys. 11, 010 (2001); R. G. Cai, Phys. Lett. B 525, 331 (2002); R. G. Cai, Nucl. Phys. B 628, 375 (2002);

R. G. Cai, Y. S. Myung and Y. Z. Zhang, Phys. Rev. D 65, 084019 (2002); R. Bousso, A. Maloney and A. Strominger, Phys. Rev. D 65, 104039 (2002); A. M. Ghezelbash and R. B. Mann, J. High Energy Phys. 01, 005 (2002); M. H. Dehghani, Phys. Rev. D 65, 104003 (2002);

M. H. Dehghani and R. B. Mann, Phys. Rev. D 64, 044003 (2002); M. H. Dehghani, Phys. Rev. D 65, 104030 (2002); M. H. Dehghani, Phys. Rev. D 65, 124002 (2002);

A. M. Ghezelbash, D. Ida, R. B. Mann and T. Shiromizu, Phys. Lett. B 535, 315 (2002). [22] S. Randjbar-Daemi and V. Rubakov, J. High Energy Phys. 10 (2004) 054;

H. M. Lee and A. Papazoglou, Nucl. Phys. B 705 (2005) 152. [23] J. Stachel, Phys. Rev. D 26 (1982) 1281.