arXiv:0901.0262v3 [hep-th] 18 Jul 2010

Slowly Rotating Black Holes in Brans-Dicke-Maxwell Theory

H. Alavirad^∗ Institute for Theoretical Physics, University of Karlsruhe, Karlsruhe Institute of Technology, 76128 Karlsruhe, Germany

In this paper, we construct a class of (n+1)-dimensional (n ≥ 4) slowly rotating black hole solutions in Brans-Dicke-Maxwell theory with a quadratic potential. These solutions can represent black holes with inner and outer event horizons, an extreme black hole and a naked singularity and they are neither asymptotically flat nor (anti)-de Sitter. We compute the Euclidean action and use it to obtain the conserved and thermodynamics quantities such as entropy, which does not obey the area law. We also compute the angular momentum and the gyromagnetic ratio for these type of black holes where the gyromagnetic ratio is modified in Brans-Dicke theory compared to the Einstein theory.

Keywords Black Holes, Thermodynamics, Brans-Dicke Theory.

I. INTRODUCTION

Brans-Dicke(BD) theory [1] is perhaps the most common alternative theory to the Einstein’s general relativity. This theory contains both Mach’s principle and Dirac’s large number hypothesis. The theory has recently received interest as it arises naturally as the low energy limit of many theories of quantum gravity such as the supersymmetric string theory or Kaluza-Klein theory, and is also found to be consistent with present cosmological observations [2]. The theory contains an adjustable parameter ,ω, that represents the strength of the coupling between matter and the scalar field. For certain values of ω, the BD theory agrees with GR in the post-Newtonian limit up to any desired accuracy and hence weak-field observations cannot rule out the BD theory in favor of general relativity [3], although the singularity problem remains.

Shortly after the appearance of this theory one of its authors, C. Brans, obtained the statically spherically symmetric solutions [4]. Since then many authors have investigated black holes in Brans-Dicke theory [5]. Hawking proved in four dimensions the stationary and vacuum Brans- Dicke solution is just the Kerr solution with a constant scalar field everywhere [6]. Cai and Myung have proved that in four dimensions, the charged black hole solution in the Brans-Dicke-Maxwell theory is just the Reissner-Nordstrom solution with a constant scalar field [7]. The Kerr-Newman type black hole solutions, which are different from the solutions in general relativity, have been

∗ alavirad@particle.uni-karlsruhe.de

constructed for −5/2 < ω < −3/2 in [8]. Thermodynamics of black holes in Brans-Dicke theory is investigated [9].

On the other hand, the rotating black hole solutions in higher dimensional Einstein gravity was found by Myers and Perry [10]. The solutions were uncharged and can be considered as a generalization of the four dimensional Kerr solutions. Moreover it has recently been shown that the gravity in higher dimensions contains much richer dynamics than in four dimensions. As an example, there exists a black ring solution in five dimensions with the horizon topology of S^2 × S^2 [11], which has the same mass and angular momentum as the Myers-Perry solution and therefore contradicts the uniqueness theorem in five dimensions. Although the non-rotating black hole solutions in higher dimensional Einstein-Maxwell gravity was found many years ago [12], the analytic solution of a generalization of the charged Myers-Perry solution in (n + 1)-dimensional Einstein Maxwell gravity has not been found yet. Solutions of different kinds of charged rotating black holes in higher dimensions have been discussed in the framework of supergravity and string theory [13–15]. In [16], the solutions of charged rotating black hole in (n+1)-dimensional Einstein- Maxwell theory with a single rotation parameter in the limit of slow rotation have been constructed. In addition, [17] contains a class of charged slowly rotating black hole solutions in Gauss-Bonnet gravity. Rotating black holes in Einstein-Maxwell-Dilaton gravity is discussed in [26].

In this paper we investigate charged slowly rotating black holes in Brans-Dicke theory by using the conformal transformation between dilaton fields and Brans-Dicke theory. The structure of this paper is as follows: In section II we obtain the solution of charged rotating Brans-Dicke black holes and discuss their causal structure, then in section III we obtain the conserved quantities of the finite action by using the Euclidean action and section IV contains our results.

II. SLOWLY ROTATING BLACK HOLES IN BRANS-DICKE-MAXWELL THEORY

The action of the Brans-Dicke-Maxwell theory in (n + 1)-dimensions with a scalar field Φ and a self-interacting potential V (Φ) is

I_G = − 1 16π ∫ M d^{n+1}x √ −g(ΦR − ω Φ (∇Φ)^2 − V (Φ) − F_{μν} F^{μν} ) (1)

where R is the Ricci scalar, F_{μν} = ∂_μA_ν − ∂_ν A_μ the electromagnetic tensor field, A_μ the vector potential, ω the coupling constant and Φ is the BD scalar field. By varying the the action (1) with respect to the metric g_{μν} , the scalar field Φ and vector field A_μ, one can obtain the following field equations G_{μν} = ω Φ^2

(∇_μΦ∇_νΦ − 1 2 g_{μν} (∇Φ)^2) −

V (Φ) 2Φ g_{μν} + 1 Φ (∇_μ∇_ν − g_{μν} ∇^2Φ) + 2 Φ (F_{μλ}F^Λ_ν − 1 2 F_{ρσ}F^{ρσ}g_{μν} ) (2)

∇^2Φ = − n − 3 2[(n − 1)ω + n]

F^2 + 1 2[(n − 1)ω + n] [ (n − 1)Φ dV (Φ) dΦ − (n + 1)V (ϕ) ] (3)

∇_μF^{μν} = 0 (4)

where G_{μν} is the Einstein tensor. It is not easy to solve the field equations (2)-(4) directly because the right hand side of eq. (2) includes the second derivatives of the scalar field. Fortunately, we can transform these field equations to the dilaton field equations by conformal transformations. If one uses the following conformal transformations

ḡ_{μν} = Φ^{2/(n−1)}g_{μν} Φ̄ = n − 3 4α lnΦ (5)

where α = (n − 3)/ √ 4(n − 1)ω + 4n (6)

then the action (1) takes the form

Ī_G = − 1 16π ∫ M d^{n+1}x √ −ḡ{R̄ − 4 n − 1 ( ¯∇ Φ̄)^2 − V̄ (Φ̄) − e^{− 4αΦ̄n−1} F̄_{μν}F̄_{μν} } (7)

where R̄ and ¯∇ are the Ricci scalar and covariant derivative corresponding to the metric ḡ_{μν} and V̄ (Φ̄) is:

V̄ (Φ̄) = Φ^{−(n+1)/(n−1)}V (Φ) (8)

Eq. (7) is simply the action of (n+1)-dimensional Einstein-Maxwell-dilaton gravity, where Φ̄ is the dilaton field, V̄ (Φ̄) a potential for Φ̄ and α is a constant that determines the strength of coupling of the scalar and electromagnetic field F̄_{μν} . By varying the action (7) with respect to ḡ_{μν} , Φ̄ and F̄_{μν} , we obtain

R̄_{μν} = 4 n − 1 ( ¯∇_μΦ̄ ¯∇_νΦ̄ + 1 4 V̄ (Φ̄)ḡ_{μν} ) + 2e^{−4αΦ̄/(n−1)}(F̄_{μλ}F̄^λ_ν − 1 2(n − 1)

F̄_{ρσ}F̄^{ρσ}ḡ_{μν} ) (9)

¯∇^2Φ̄ = n − 1 8 ∂V̄ ∂Φ̄ − α 2 e^{−4αΦ̄/(n−1)}F̄_{ρσ}F̄^{ρσ} (10)

¯∇_μ[√−ḡe^{−4αΦ̄/(n−1)}F̄^{μν} ] = 0 (11)

Many authors have obtained the solutions of above field equations [18–26]. It is now simple to obtain the solutions of field equations (2)-(4) by applying the conformal transformations (5) to the solution of the field equations (9)-(11). In [26], the solution of field equations (9)-(11) has been obtained in the slowly rotating case where a ≪ 1. In this case the only term in the metric which changes to O(a) is g_{tϕ}, and A_ϕ is the only component of the vector potential that changes, where the dilaton field does not change to O(a). Therefore, for infinitesimal angular momentum up to O(a), we can take the following form for the metric in (n+1)-dimension for Einstein-Maxwell-dilaton theory [26]

ds^2 = − U(r)dt^2 + dr^2 U(r) − 2af(r)sin^2θdtdϕ (12) + r^2R^2(r)(dθ^2 + sin^2θdϕ^2 + cos^2θdΩ^2_{n−3})

where U(r), R(r) and f(r) are functions of r, and a is a parameter associated with its angular momentum and dΩ^2_{n−3} denotes the metric of an unit (n − 3)-sphere. For small values of a, U(r) is a function only of r. From equation (11) we can obtain the t component of the Maxwell equations F̄_{tr} = qe^{4αΦ̄/(n−1)} (rR)^{n−1} (13)

where q is an integration constant related to the electric charge of the black hole. By using the definition Q =^1_{4π} ∫ exp[−4αΦ̄/(n − 1)]F dΩ we obtain the electric charge as Q = qω_{n−1} 4π (14)

where ω_{n−1} represents the volume of a hypersurface with constant curvature. In general, when we have a rotational parameter, there is also a vector potential of the form A_ϕ = aqh(r)sin^2θ (15) In [26], for a Liouville-type dilaton potential, is introduced for V̄ (Φ̄) V̄ (Φ̄) = 2Λ^{2ζΦ̄} (16) where Λ and ζ are constants. The unknown functions U(r), f(r) and R(r) are obtained using the ansatz in [26]

R(r) = e^{2αΦ̄/(n−1)} (17)

By substituting eq. (17), the Maxwell fields (13) and (15) and the metric (13) into the field equations (9)-(11), we can obtain U(r) = − (n − 2)(α^2 + 1)^2b^{−2γ} r^{2γ} (α^2 − 1)(α^2 + n − 2) − m r^{(n−1)(1−γ)−1} + 2q^2(α^2 + 1)^2b^{−2(n−2)γ} (n − 1)(α^2 + n − 2) r^{2(n−2)(γ−1)} (18)

f(r) = m(α^2 + n − 2)b^{(n−3)γ} α^2 + 1 r^{(n−1)(n−γ)+1} − 2q^2(α^2 + 1)b^{(1−n)γ} n − 1 r^{2(n−2)(γ−1)} (19)

Φ̄ = (n − 1)α

2(1 + α^2) ln( b r ) (20)

h(r) = r^{(n−3)(γ−1)−1} (21)

where γ = α^2/(1 + α^2) and b is an arbitrary constant. In addition we should have ζ = 2 α(n − 1) , Λ =

(n − 1)(n − 2)α^2 2b^2(α^2 − 1)

(22)

in order to fully satisfy the field equations.

To obtain the solutions of the field equations (2)-(4) in the Brans-Dicke-Maxwell theory, we take a metric of the form

ds^2 = − A(r)dt^2 + dr^2 B(r) − 2ag(r)sin^2θdtdϕ (23) + r^2H^2(r)(dθ^2 + sin^2θdϕ^2 + cos^2θdΩ^2_{n−3})

To determine the unknown functions A(r), B(r), g(r) and H(r) we apply the conformal transformations (5), (6) and (8) to eqs. (17),(18) and (20). Leading to A(r) = − (n − 2)(α^2 + 1)^2b^{−2γ( n−5n−3 )}r^{2γ( n−5n−3 )} (α^2 − 1)(α^2 + n − 2) + 2q^2(α^2 + 1)^2b^{2γ(2−n+ 2n−3 )}

(n − 1)(α^2 + n − 2) r^{2(n−2)(γ−1)− 4γn−3} − mb^{4γn−3} r^{γ(n−1− 4n−3 )} r^{(n−2)} (24)

B(r) = − (n − 2)(α^2 + 1)^2b^{−2γ( n−1n−3 )}r^{2γ( n−1n−3 )} (α^2 − 1)(α^2 + n − 2) + 2q^2(α^2 + 1)^2b^{−2γ(n−2+ 2n−3 )} (n − 1)(α^2 + n − 2) r^{2(n−2)(γ−1)+ 4γn−3} − mb^{− 4γn−3} r^{γ(n−1+ 4n−3 )} r^{(n−2)} (25) and g(r) = m(α^2 + n − 2)b^{(n−3+ 4n−3 )γ} α^2 + 1 r^{(n−1)(n−γ)+1− 4γn−3} − 2q^2(α^2 + 1)b^{(1−n+ 4n−3 )γ} n − 1 r^{2[(n−2)(γ−1)− 2γn−3 ]} (26)

H(r) = ( b r )^{γ n−5n−3} (27)

Φ(r) = ( b r )^{2γ n−1n−3} (28)

F_{tr} = qb^{γ(3−n)} r^{(n−3)(1−γ)+2} (29)

V (Φ) = 2ΛΦ^{1α(n−2) [(α+1)−4]} (30)

At this point, it is worthwhile to investigate the physical properties of these solutions. We can show that the Kretschmann scalar R_{μνλκ}R^{μνλκ} diverges at r = 0, and it is finite for r ≠ 0 and

FIG. 1: The function B(r) versus r for n = 4, m = 2, b = 1 and q = 1. α = 0.5 (bold line) and α = 1.2 (dashed line)

FIG. 2: The function B(r) versus r for n = 4, m = 2, b = 1 and q = 1, α = 0 (bold line), α = 0.54 (dashed line) and α = 0.7 (dotted line)

FIG. 3: The function V(r) versus r for n = 4, m = 2 and b = 1, α = 0.5 q = 0.5(bold line), q = 1 (dashed line) and q = 1.5 (dotted line)

approaches to zero as r → 0. We find that there is an essential singularity at r=0. In addition, the solution is ill-defined for α = 1 and the cases α > 1 and α < 1 should be considered separately. For α > 1, there exists a cosmological horizon (fig. 1) whereas there is no cosmological horizon for α < 1. In this case eq. (24) contains a wide range of causal structure which depends on the values of the metric parameters α, m, q and k (fig. 2-3).

Moreover we can obtain some information about causal structure by considering the temperature of the horizons. By using the definition of Hawking temperature on the outer horizon r_+, which may be obtained through the definition of surface gravity

T_+ = 1 2π √ − 1 2 (∇_μχ_ν )(∇^μχ^ν ) (31)

where χ is the Killing vector ∂_t, we can write

T_+ = −

(α^2 + n − 2)m 4π(α^2 + 1) r^{(n−1)(γ−1)} + + (n − 2)(α^2 + 1)b^{−2γ} 2π(1 − α^2) r^{2γ−1}_+ (32)

We see from the above equation that the temperature is invariant under conformal transformations [26], which is a result of the regularity of the conformal parameter at the horizon. For α > 1 we find that the temperature is negative from eq. (32). Numerical calculations show that the temperature of the event horizon goes to zero as the black hole approaches an extreme one. In addition we can show that for (α < 1) m_{ext} = 2(n − 2)(α^2 + 1)^2b^{−2γ} (n − α^2)(α^2 + n − 2) r^{(2−n)(γ−1)+γ} + (33)

In summary, the metric (24) can represent a rotating black hole with two inner and outer horizons located at r_+ and r_− provided that the mass parameter m is greater than m_{ext}, an extreme black hole when m = m_{ext}, and a naked singularity when m < m_{ext}.

The electric potential U, measured at infinity with respect to the horizon, is defined by [27]

U = A_μχ^μ |_{→∞} −A_μχ^μ |_{→0} (34)

where χ is the null generator of the event horizon. Therefore we obtain: U = qb^{γ(3−n)} ΞΓr^Γ_+

(35)

where Γ = γ(3 − n) + n − 2.

III. EUCLIDEAN ACTION AND CONSERVED QUANTITIES

The ADM (Arnowitt-Deser-Misner) mass M, entropy S and electric potential U of the topological black hole can be calculated through the use of the Euclidean action method [28]. In this approach, the electrical potential and the temperature are initially fixed on a boundary with a fixed radius r_+. The Euclidean action has two parts; bulk and surface. The first step to make the Euclidean action is to substitute t with iτ (this change does not affect our physical parameters, especially the angular momentum, see eq. (44)). This makes the metric positive definite:

ds^2 = + A(r)dt^2 + dr^2 B(r) − 2ag(r)sin^2θdtdϕ (36) + r^2H^2(r)(dθ^2 + sin^2θdϕ^2 + cos^2θdΩ^2_{n−3})

There is a conical singularity at the horizon r = r_+ in the Euclidean metric. To eliminate it, the Euclidean time τ is made periodic with period β, where β is the inverse of Hawking temperature. We can now calculate the Euclidean action of (n + 1)-dimensional Brans-Dicke-Maxwell theory. It can be obtained analytically and by continuously changing of action (1) to Euclidean time τ, i.e., I_{GE} = − 1 16π ∫ M d^{n+1}x √ g ( ΦR − ω Φ (∇Φ)^2 − V (Φ) − F_{μν} F^{μν} ) + 1 8π ∫ d^nx √ hΦ(K − K_0), (37)

where K represents the extrinsic curvature on the induced metric h, and K_0 is the extrinsic curvature on the metric h for flat space-time, which must be added so that the Euclidean action is normalized to zero in flat space-time. Using the metric (37), we find to O(1)

R = −g^{−1/2}(g^{1/2}U^′V/U)^′ − 2G^0 + O(a^2) + O(a^4) K = − √ B(r) 2 A^′(r)rH(r) + 2(n − 2)A(r)H(r) + (2n − 7)A(r)rH^′(r) A(r)rH(r) K_0 = 2(n − 3) − γ 2r √ (n − 2)(α^2 + 1)^2 (α^2 − 1)(α^2 + n − 2) ( r b )^{− n−1n−3} (38)

where G^0 is the 0-0 component of the Einstein tensor. By substituting eq. (38) in action (37) and using eqs. (24)-(30), we obtain I_{GE} = β ω_{n−1} 16π ( b^{(n−1)γ} (n − 1)

(α^2 + 1) ) − ω_{(n−1)} 4l^{n−2} ( b^{(n−1)γ} r^{(n−1)(1−γ)} + )

− β ω_{n−1} 8π (n − α^2)(α^2 + n − 2)b^{2(n−2)γ} ω_{n−1} n(n − 2)(α^2 + 1)^2 ma^2 − β q^2 8πΓr^Γ_+

(39)

where Γ = (n − 3)(1 − γ) + 1. According to Ref. [29], the thermodynamical potential can be given by I_{GE} I_{GE} = βM − S − βUq − βΩJ (40) where M is the ADM mass, S the entropy and, U the electric potential corresponding to the conservation of charge q and Ω = a in this case. Comparing eqs. (39) and (40), we find M = b^{(n−1)γ} 16π n − 1 1 + α^2 ω_{(n−1)}m, (41)

S = b^{(n−1)γ} r^{(n−1)(1−γ)} + 4l^{(n−2)} (42) and Q = qω_{(n−1)} 4π (43)

J = (n − α^2)(α^2 + n − 2)b^{2(n−2)γ} ω_{n−1} 8πn(n − 2)(α^2 + 1)^2 ma (44)

We can see from the above equations that the ADM mass, entropy and electric potential are invariant under the conformal transformation [18]. In addition, in the context of BD gravity, where we have the additional gravitational scalar degree of freedom, the entropy of the black hole does not follow the area law. This is due to the fact that the black hole entropy comes from the boundary term in the Euclidean action formalism.

In addition, the charge which is calculated in eq. (43) is the same as the one which was calculated in eq. (14). By combining eqs. (41) and (44), we can write: J = 2Ma n − 1 (45)

In order to calculate the gyromagnetic ratio of this type of black hole, we first need the magnetic dipole moment for slowly rotating black holes, i.e., μ = Qa, then the gyromagnetic ratio is given by g = 2μM QJ = n(n − 1)(n − 2)(α^2 + 1) (n − α^2)(α^2 + n − 2)b^{(n−3)γ}

(46)

As our solutions are neither asymptotically flat nor (A)dS, we get g ≥ 2 in four dimension, in contrast to asymptotically flat or (A)dS which have g ≤ 2 in four dimensions [30]. In the absence of a non-trivial dilaton (α = γ = 0), the gyromagnetic ratio reduces to:

g = n − 1 (47)

IV. CONCLUSIONS

In this paper we construct the solutions of slowly rotating black holes in (n + 1)-dimensional Brans-Dicke-Maxwell theory with a liouville-type potential in the limit of a slow rotation parameter, with an arbitrary value of the coupling constant ω. Our solutions are neither asymptotically flat nor (A)dS, in contrast to the rotating black holes in the Einstein-Maxwell theory. The solutions are ill-defined for α = 1 and for α > 1 we have cosmological horizons and there are no cosmological horizons for α < 1. In the latter case (α < 1), we can have a black hole with inner and outer event horizons if m > m_{ext}, an extreme black hole if m = m_{ext} and a naked singularity for m < m_{ext}. The cosmological horizons have a negative temperature for α > 1. We computed the Euclidean action and obtained the thermodynamics and conserved quantities. The temperature and entropy for this type of black hole were found to equal those in the static case to O(a). In addition entropy does not follow the area law. Moreover we obtained angular momentum and gyromagnetic ratio for this rotating Brans-Dicke black hole. The gyromagnetic ratio is modified in this theory.

[1] C. H. Brans and R. H. Dicke, Phys. Rev. 124, 925 (1961); P. Jordan, Zeit. Phys. 157, 112 (1959). [2] D. La and P. J. Steinhardt, Phys.Rev.Lett. 62, 376(1989); P. J. Steinhardt and F. S. Accetta, Phys. Rev.

Lett. 64, 2740 (1990); O. Bertholami and P.J. martins, Phys.Rev. D 61, 064007 (2000); N. Banerjee and D. Pavon Phys.Rev. D. 63, 043504 (2001); S. Sen and A. A. Sen, Phys.Rev.D. 63 ,107501(2001); Li-e Qiang, Y. Ma, M. Han and D. Yu, Phys.Rev. D. 71 061501 (2005).

[3] C. M. Will, Theory and Experiments is Gravitational Physics, reviesed edition (Cambridge University Press, Cambridge) 1993.

[4] C. H. Brans, Phys. Rev. 125, 2194 (1962).

[5] M. A. Scheel, S. L. Shapiro, and S. A. Teukolsky, Phys. Rev. D. 51, 4208 (1995); 51, 4236 (1995). G.

Kang, Phys. Rev. D. 54, 7483 (1996). H. P. de Oliveira and E. S. Cheb-Terrab, Class. Quantum Grav. 13, 425(1996); H. P. de Oliveira, Preprint grqc/ 9605008. T. Chiba and J. Soda, Prog. Theor. Phys. 96, 567 (1996). L. Liebling and M. W. Choptuik, Phys. Rev. Lett. 77, 1424 (1996). A. Sen, Phys. rev. Lett. 69, 1006 (1992); G. W. Gibbons and K. Maeda, Ann. Phys. (N.Y.) 167, 201 (1986); V. Frolov, A. Zelinkov and U. Bleyer, Ann. Phys. (Leipzig) 44, 371 (1987).

[6] S. W. Hawking, Commun. Math. Phys. 25, 167 (1972). [7] R. G. Cai and Y. S. Myung, Phys. Rev. D. 56, 3466 (1997). [8] H. Kim, Phys. Rev. D, 60, 024001 (1999).

[9] N. Cim, B112, 329(1997); M. H. Dehghani, J. Pakravan, S. H. Hendi, Phys. Rev. D, 74, 104014(2006);

A. Sheykhi, H. Alavirad, Int.J.Mod.Phys.D 18, 1773(2009); G. A. S. Dias, J. P. S. Lemos Phys.Rev.D 78, 084020(2008); S. H. Hendi, J. Math. Phys. 49, 082501(2008).

[10] R. C. Myers and M. J. Perry, Ann, Phys. (N.Y.) 172, 304 (1986). [11] R. Emparan and H. S. Reall, Phys. Rev. Lett. 88, 101101 (2002). [12] F. Tangherlini, Nuovo Cimento 27 636 (1963).

[13] P. J. Gauntlett, R. C. Myers, and P. K. Townsend, Classical Quantum Gravity 16, 1 (1999); D. Youm, Phys. Rep. 316, 1 (1999); A.W. Peet, hep-th/0008241.

[14] M. Cvetic and D. Youm, Phys. Rev. D 54, 2612 (1996), hep-th/9603147; M. Cvetic and D. Youm, Nucl.

Phys. B 477, 449 (1996), hep-th/9605051; M. Cvetic and D. Youm, Nucl. Phys. B 476, 118 (1996) hep-th/9603100.

[15] Z. W. Chong, M. Cvetic, H. Lu, and C. N. Pope, Phys. Rev. D 72, 041901 (2005); Phys. Rev. Lett.

95, 161301 (2005).

[16] A. N. Aliev, Phys. Rev. D 74, 024011 (2006); A. N. Aliev, Mod. Phys. Lett. A 21, 751 (2006); A. N.

Aliev, Class. Quant. Gravit. 24, 4669 (2007); J. Kunz, F. Navarro-Lerida, A. K. Petersen, Phys. Lett. B 614, 104 (2005).

[17] Hyeong-Chan Kim and Rong-Gen Cai, arXiv:0711.0885.

[18] A. Sheykhi arxiv:hep-th/0709.3619v2; A. Sheykhi, Phys. Rev. D 76, 124025 (2007). [19] G. W. Gibbons and K. Maeda, Nucl. Phys. B 298, 741 (1988); T. Koikawa and M. Yoshimura, Phys.

Lett. B 189, 29 (1987); D. Brill and J. Horowitz, ibid. B 262, 437 (1991).

[20] D. Garfinkle, G. T. Horowitz and A. Strominger, Phys. Rev. D 43, 3140 (1991); R. Gregory and J. A.

Harvey, ibid. 47, 2411 (1993); M. Rakhmanov, ibid. 50, 5155 (1994); D. Astefanesei, K. Goldstein, S. Mahapatra, hep-th/0611140; D. Astefanesei, E. Radu Phys. Rev. D 73, 044014, (2006), hep-th/0509144.

[21] R. B. Mann, E. Radu, C. Stelea, J. High Energy Phys. 609, 073 (2006); S. Mignemi and D. Wiltshire, Class. Quant. Gravit. 6, 987 (1989); D. Wiltshire, Phys. Rev. D 44, 1100 (1991); S. Mignemi and D. Wiltshire, ibid. D 46, 1475 (1992).

[22] S. Poletti and D. Wiltshire, Phys. Rev. D 50, 7260 (1994); ibid. 52, 3753 (1995); T. Okai, hepth/9406126; K. C. K. Chan, J. H. Horne and R. B. Mann, Nucl. Phys. B 447, 441 (1995).

[23] R. G. Cai and Y. Z. Zhang, Phys. Rev. D 54, 4891 (1996); R. G. Cai, J. Y. Ji and K. S. Soh, ibid. 57, 6547 (1998); R. G. Cai and Y. Z. Zhang, ibid. 64, 104015 (2001); R. G. Cai and A. Wang, Phys. Rev. D 70, 084042 (2004).

[24] G. Clement, D. Galtsov and C. Leygnac, Phys. Rev. D 67, 024012 (2003); G. Clement and C. Leygnac, ibid. 70, 084018 (2004).

[25] S. S. Yazadjiev, Class. Quant. Gravit. 22, 3875 (2005); S. S. Yazadjiev, hep-th/0507097; B. Kleihaus, J. Kunz, F. Navarro-Lerida. Phys. Rev. D 69, 064028 (2004).

[26] A. Sheykhi arXiv:hep-th/0711.4422v3.

[27] M. Cvetic and S. S. Gubser, J. High Energy Phys. 04, 024 (1999); M. M. Caldarelli, G. Cognola and D. Klemm, Class. Quant. Grav. 17, 399 (2000).

[28] R. G. Cai, R. K. Su, and P. K. N. Yu, Phys. Lett. A 195, 307 (1994);

J. D. Brown, J. Creighton and R. B. Mann, Phys. Rev. D 50, 6394 (1994); C. K. Chan, J. D. E. Creighton, and R. B. Mann, Phys. Rev. D 54, 3892 (1996).

[29] J.D. Brown, E.A. Martinez and J.W. York Jr., Phys. Rev. Lett. 66 2281 (1991); H.W. Braden, J.D.

Brown, B.F. Whiting and J.W. York Jr., Phys. Rev. D 42 3376 (1990); B.F. Whiting and J.W. York Jr., Phys. Rev. Lett. 61 1336 (1988); J.W. York Jr., Phys. Rev. D 33 2092 (1986).

[30] V. P. Frolov, A. I. Zelnikov and U. Bleyer, Ann. Phys. (Berlin) 44, 371 (1987); Belinsky V and Ruffini R Phys. Lett. B 89, 195 (1980); J. H. Horne and G. T. Horowitz, Phys. Rev. D 46, 1340 (1992); T. Ghosh, S. SenGupta, arXiv: 0709.2754.