arXiv:hep-th/0605042 v5 8 Oct 2006

Five dimensional charged rotating black holes in dilaton gravity

A. Sheykhi^{1,2 ∗} and N. Riazi^{1†} 1. Physics Department and Biruni Observatory, Shiraz University, Shiraz 71454, Iran 2. Physics Department, Shahid Bahonar University, Kerman, Iran

We study five dimensional, electrically charged, black holes in dilaton gravity, in the absence and presence of Liouville-type potential for the dilaton field and investigate their properties. These solutions are neither asymptotically flat nor (anti)-de Sitter. We show how, by solving a pair of coupled differential equations, infinitesimally small angular momentum can be added to these static solutions to produce five dimensional charged rotating dilaton black hole solutions. We find that in the absence of dilaton field (α = 0), the non-rotating version of the solution reduces to the five dimensional Reissner-Nordström black hole, and the rotating version reproduces the five dimensional Kerr-Newman modification thereof for small a. We compute the temperature and entropy of the black hole, which do not change to O(a). We also compute the effective gyromagnetic ratio g_{eff} and angular velocity of these rotating black holes and show that in general g_{eff} depends on the r and α. In the absence of dilaton field (α = 0), g_{eff} has an asymptotic value 3/2, while for α ≠ 0, it goes to zero as r → ∞.

I. INTRODUCTION

All stationary black holes in general relativity coupled to electromagnetism are described by the Kerr-Newman solutions. These solutions contain three parameters, the mass M, the charge Q, and angular momentum J. It has been known that if one couples gravity to a matter field such as dilaton, then it has profound consequences for the black hole solutions. Thus it is interesting to investigate how the properties of black holes are modified when a dilaton is present. Some efforts have been done to construct exact solutions of Einstein-Maxwell-dilaton (EMd) gravity. For example, exact charged dilaton black hole solutions in the absence of dilaton potential have been constructed by many authors [1, 2]. The dilaton changes the causal structure of the black hole and leads to curvature singularities at finite radii. These black holes are asymptotically flat. In recent years, non-asymptotically flat black hole spacetimes are attracting much interest in connection with the so called AdS/CFT correspondence. Black hole spacetimes which are neither asymptotically flat nor dS/AdS have been found and investigated by many authors. The uncharged solutions

∗ email: asheykhi@mail.uk.ac.ir † email: riazi@physics.susc.ac.ir

have been found in [3], while the charged solutions have been considered in [4]. In the presence of Liouville-type potential, static charged black holes/rings solutions have also been discovered with a positive, zero or negative constant curvature horizons [5, 6, 7]. Recently, the properties of these black hole solutions which are not asymptotically flat nor (anti)- Sitter, have been studied [8].

The exact solutions mentioned above are all static. Unfortunately, exact rotating solutions to the EM equation coupled to matter fields with curved horizons are difficult to find except in a limited number of cases. Indeed, exact rotating black holes solutions have been obtained only for some limited values of the coupling constant such as α = √ 3 [9], while rotating black rings solutions only for α = √ 8/3 have been constructed [10]. Recently, in the absence of dilaton potential, a class of asymptotically flat rotating solution in D dimensional EMd gravity have been constructed by embedding the D dimensional Myers-Perry [16] solutions in D +1 dimensions, and performing a boost with a subsequent Kaluza-Klein reduction [17]. This procedure leads to EMd black holes in D dimensions, for particular values of the dilaton coupling constant. Like the Myers-Perry solutions, these black holes generically possess N = [(D − 1)/2] independent angular momenta associated with N orthogonal planes of rotation, where [x] denotes the integer part of x. For general dilaton coupling, the properties of charged dilaton black holes in four dimensions, only with infinitesimally small angular momentum [11] or small charge [12] have been investigated. When the horizons are flat, magnetic rotating solutions in four-dimensional EMd gravity with Liouville-type potential has been constructed [13]. Although these solutions are not black holes and represent spacetimes with conic singularities, charged rotating black string/brane solutions, with flat horizon, in four [14] and (n + 1)-dimensional EMd gravity have also been constructed [15]. Till now, charged rotating dilaton black holes solutions with curved horizons for an arbitrary coupling constant in more than four dimensions (n ≥ 5), have not been constructed.

Our aim in this paper is, to construct five dimensional, slowly rotating charged dilaton black holes for an arbitrary value of coupling constant α and investigate their properties. These are neither asymptotically flat nor (anti)-de Sitter. We will compute in each cases, temperature and entropy of the black hole, which do not change to O(a). We also compute the effective gyromagnetic ratio g_{eff} and angular velocity of these rotating black holes and show that in general g_{eff} depends on the r and α. We consider two special cases: (a) V (Φ) = 0, (b)V (Φ) = 2Λe^{2βΦ}. The first case corresponds to the action considered in [1, 2]. When α = 1, it reduces to the four-dimensional low-energy action obtained from string theory in terms of Einstein metric. Case (b) corresponds to a Liouville-type potential. One may refer to Λ as the cosmological constant, since in the absence of the dilaton field the action reduces to the action of Einstein-Maxwell gravity with cosmological constant.

The outline of this paper is as follows: In Sec. II, we introduce the basic equations of motion. In Sec. III, we present and discuss five dimensional charged rotating dilaton black holes solution without potential. In Sec. IV, we construct three classes of charged rotating solutions with a Liouville type potential and general dilaton coupling. We finish our paper with some concluding remarks.

II. FIELD EQUATIONS

We consider the n-dimensional action in which gravity is coupled to the dilaton and Maxwell fields with an action[5] S = ∫ d^nx √ −g ( R − 4 n − 2 (∇Φ)^2 − V (Φ) − e^{−4αΦ/(n−2)}F^{μν} F_{μν} ) , (1)

where R is the Ricci scalar curvature, Φ is the dilaton field and V (Φ) is a potential for Φ. α is a constant determining the strength of coupling of the scalar and electromagnetic field, F_{μν} = ∂_μA_ν − ∂_ν A_μ is the electromagnetic field tensor and A_μ is the electromagnetic potential. The equations of motion can be obtained by varying the action (1) with respect to the gravitational field g_{μν} , the dilaton field Φ and the gauge field A_μ which yields the following field equations R_{μν} = 4 n − 2 ( ∂_μΦ∂_ν Φ + 1 4 g_{μν} V (Φ) ) + 2e^{−4αΦn−2} ( F_{μη}F^η_ν − 1 2(n − 2) g_{μν} F_{λη}F^{λη} ) , (2)

∇^2Φ = n − 2 8 ∂V ∂Φ − α 2 e^{−4αΦn−2} F_{λη}F^{λη} , (3)

∂_μ (√ −ge^{−4αΦn−2} F^{μν} ) = 0. (4)

We wish to find five dimensional rotating solutions of the above field equations, thus we set n = 5. For infinitesimal rotation, we can solve eqs. (2)-(4) to first order in the angular momentum parameter a. This is because most of the metric components depend only on a^2. Unfortunately, many of the interesting physical quantities also depend only on a^2, but we can still extract some useful information from the first-order solutions.

In this paper, first we study the non-rotating black hole for arbitrary α, then, we consider the effect of adding a small amount of rotation parameter a to the black hole. We will discard any terms involving a^2 or higher power in a. Inspection of the five dimensional Kerr-Newman solutions shows that the only term in the metric changes to O(a) is g_{tϕ}. Similarly, the dilaton does not change to O(a) and A_ϕ is the only component of the vector potential that changes to O(a).

Thus, for infinitesimal angular momentum up to O(a), we can take the following form of the

metric

ds^2 = −U(r)dt^2 + dr^2 U(r) + R^2(r) ( dθ^2 + sin^2 θdϕ^2 + cos^2θdψ^2 ) − 2af(r) sin^2 θdtdϕ. (5) where U(r), R(r), and f(r) are functions to be determined. Note that, in the particular case a = 0,

this metric reduces to the static and spherically symmetric cases. For small a, we can expect to

have solutions with U(r) still a function of r alone.

The t component of the Maxwell equations can be integrated immediately to give

F^{rt} = qe^{4αΦ/3} R^3(r)

, (6)

where q is the electric charge of the black hole, defined through the integral q = 1 4π ∫ s^3 e^{−4αΦ/3} ∗ F dΩ, (7) where ∗ is the Hodge dual and s^3 is any three-sphere defined at spatial infinity, which its volume

element denoted by dΩ.

In general, in the presence of rotation, there is a vector potential

A_ϕ = aqh(r) sin^2 θ. (8)

With the metric (5) and Maxwell fields (6) and (8), the field equations reduce to the following

system of coupled ordinary differential equations

R^6 d^2U dr^2 + R^5 dR dr dU dr − 4R^4U( dR dr )^2 − 2R^5U( d^2R dr^2 ) = −4R^4 + 4q^2e^{4αΦ/3}, (9) 1 R^3 d dr ( U dR^3 dr ) = 6 R^2

− V (Φ) − 2e^{4αΦ3} q^2 R^6

, (10) 1 R^3 d dr ( R^3U dΦ dr ) = 3 8 dV dΦ + αe^{4αΦ/3} q^2 R^6

, (11) 1 R d^2R dr^2 = − 4 9 ( dΦ dr )_2

. (12)

In addition, we have two coupled differential equations for functions f(r) and h(r).

R^3 d^2f dr^2 + R^2 dR dr df dr − 4fR( dR dr )^2 − 2fR^2 d^2R dr^2 − 4q^2 dh dr = 0, (13)

R^2 d dr (Ue^{−4αΦ/3} dh dr ) − R d dr ( f R^2 ) + 1 2 ( U dh dr dR^2 dr − 8h ) e^{−4αΦ/3} = 0, (14)

These two equations which arise from the presence of A_ϕ, appear only when a ≠ 0, while the

other equations were there also in the static, spherically symmetric case. Static solutions of these

equations (a = 0), with unusual asymptotic were given in [5].

III. SOLUTIONS WITH V (Φ) = 0

We begin by looking for the solutions without Liouville potential (V (Φ) = 0). In order to solve eqs. (9)-(12), following [5], we make the ansatz

R(r) = r^N , (15)

where N is a constant. Using (15), one can easily show that eqs. (9)-(12), have solutions of the form U(r) = ( α^2 + 4 α^2 + 2

)_2 r^{2−2N} − 4M 3N r^{1−3N} , (16)

Φ(r) = b + 3α 4 + α^2 ln(r), (17)

where N = α^2/(4 + α^2) and M is the quasi-local mass of the black hole[18]. The constant b is related to q via b = 3 4α ln ( 6 q^2(α^2 + 2) ) . (18)

Note that the solution is ill-defined as α → 0. On the other hand in the limit α^2 → ∞, the solutions become

U(r) = 1 − 4M 3r^2 , R(r) = r, (19)

which is the form for five dimensional Schwarzschild black hole.

The metric corresponding to (16) and the other metric that we will present in this paper are neither asymptotically flat nor (anti)-de Sitter. The metric is independent of q, but because of the ϕ dependence on q, solutions only exist for q ≠ 0. The solution has several properties. First, there is an event horizon at

r_h = ( 4M(2 + α^2)^2 3α^2(4 + α^2)

) 4+α^2

2(2+α2 )

, (20)

In order to study the general structure of these solutions, we first look for the curvature singularities in the presence of dilaton gravity up to O(a). It is easy to show that the Kretschmann scalar R_{μνλκ}R^{μνλκ} diverges at r = 0, it is finite for r ≠ 0 and goes to zero as r → ∞. Also, it is notable to mention that the Ricci scaler is finite every where except at r = 0, and goes to zero as r → ∞. Therefore r = r_h is a regular horizon and we have an essential singularity located at r = 0. The solution with zero mass (M = 0) is singular with a null singularity at r = 0. The case M < 0 corresponds to naked timelike singularity located at r = 0.

Second, even though Φ(r) diverges at r → ∞, but since the mass, charge and curvature all remain finite, the solution is well behaved at infinity. Note that the dilaton field is regular on the horizon, too. The spacial infinity is conformally null and the solution describes a black hole with the same causal structure as the Schwarzschild spacetime.

Black hole entropy typically satisfies the so called area law of the entropy [19], which states that the entropy is a quarter of the event horizon area. Since the surface gravity and area of the event horizon do not change to O(a), thus one can easily show that the temperature and entropy of the black hole on the event horizon can be written as T = 1 4π dU dr (r_h) =

4 + α^2 2π(2 + α^2) r 4−α2 4+α2

h , (21) S = π^2 2 r^{3N}_h . (22) Here, we are interested in finding rotating version of these solutions. For infinitesimal rotation parameter a, we can get a solution of the full set of equations with U(r), R(r) and Φ(r) unaltered and supplemented by the solutions of the new equations (13) and (14) for two unknown functions f(r) and h(r). These two equations admit different solutions:

I. There is an unusual solution f(r) = 4ke^{−4αb}3 5N − 1 r^{1−3N} + cr^{2N} , h(r) = k, (23) where c and k are arbitrary constants. For k ≠ 0, the vector potential A_ϕ is independent of r !!. In the particular case k = 0, we have an unusual solution where there is a change in the metric from the non-rotating form without any change in the Maxwell field. This may be surprising at first sight because a rotation enters the metric without any rotation in the charge; this is possible because the function f(r) does not obey conventional boundary conditions for large r and in fact increases with r.

II. For α = 2, there is an exact solution f(r) = 8q^2 3 r^{5/2} + r, h(r) = r^3. (24) III. In the large α limit there is an exact solution f(r) = 8M 3r^2 e^{−4αb/3} + r^2, h(r) = 1 r^2

, (25)

This is the form for slowly rotating five dimensional Kerr black hole. The corresponding static case is the five dimensional Schwarzschild black hole (19). IV. In the case α^2 > 2 and large r limit we have solution such as f(r) = r^{2N} ( c + 4q^2 Γ r^Γ ) , h(r) = r^m, (26)

with Γ = m + 1 − 5N and c constant.

IV. SOLUTION WITH A LIOUVILLE-TYPE POTENTIAL

In this section, we consider the action (1) with a Liouville-type potential,

V (Φ) = 2Λe^{2βΦ}, (27)

where Λ and β are constants. One may refer to Λ as the cosmological constant, since in the absence of the dilaton field (Φ = 0) the action (1) reduces to the action of Einstein-Maxwell gravity with cosmological constant.

Using ansatz (15) in eqs. (9)-(12), we can distinguish three classes of solutions [5]. a) The first calss of solutions are

U(r) = r^{2α} 2 1+α2 ( 2(1 + α^2)^2 (2 + α^2)(1 − α^2) − 4M(1 + α^2) 3 r^{−(α} 2+2) 1+α2 + 2q

2(1 + α^2)^2 3(2 + α^2) e^{4αb/3}r^{−2(α} 2+2) α2+1 ) , (28)

Φ(r) = b − 3α 2(1 + α^2) ln(r), (29) R(r) = r^{1/(α2+1)}. (30)

with b a constant and M is the quasi-local mass of the black hole. In order to fully satisfy the system of equations, we must have β =^2_{3α} . The constant b is related to the Λ parameter via Λ = 3α^2e^{−4b/3α} α^2 − 1

. (31)

Note that the solution does not exist for string case where α = 1. On the other hand, in the absence of dilaton field (α = 0), the solution becomes

U(r) = 1 − 4M 3r^2 + q^2 3r^4 , R(r) = r, (32) which is the the five dimensional Reissner-Nordström black hole. Horizons given by r α2+2 α2 +1 ± = (1 − α^2)(2 + α^2)M

3(1 + α^2) 1 ± √ 1 − 3q^2e^{4bα}3 (1 + α^2)^2 M^2(1 − α^2)(2 + α^2)^2 . (33)

If α^2 < 1, then there are two horizons, while we have a single horizon for α^2 > 1. There is an extremal limit for the electric charge

q^2_{ext} =

(1 − α^2)(2 + α^2)^2e^{−4bα}3 3(1 + α^2)^2

M^2_{ext}. (34)

In the case q^2 > q^2_{ext}, we have naked singularity. The Kretschmann invariant and Ricci scalar are finite at r = r_±, diverge at r = 0, and both of them vanish at r → ∞, therefore r = r_± are regular horizons and we have an essential singularity located at r = 0. Note that the dilaton field is regular on the horizon, too. The temperature and the entropy of the black hole up to O(a) on the outer horizon are T = 1 4π dU dr (r_+) =

(2 + α^2)M 3π r^− 5+α2 1+α2 + ( r 2+α2 1+α2 + − (1 + α^2)q^2e^{4bα}3 (2 + α^2)M ) , (35) S = π^2 2 r 3 α2+1

+ . (36)

Note that the temperature vanishes in the extremal limit when q = q_{ext}.

Here, we are interested in finding the rotating version of this static solution, that is to say, in solving the corresponding coupled equations for two unknown functions f(r) and h(r). As in previous case, there exists the unusual solution I.

V. For arbitrary value of the coupling constant α, we could obtain the following exact solution

f(r) = ( 4M(α^2 + 2) 3 e^{−4bα3} r^α 2 −2 α2 +1 − 2q

2(α^2 + 1) 3 r^{− 4α2 +1} ) , h(r) = r^{− α} 2+2 α2+1 . (37)

Note that for α^2 < 2, this solution decreases with increase of r. In general, this solution is not asymtotically flat nor (anti)-de Sitter. The α → ∞ limit produces (anti)-de Sitter behavior for zero M and q. On the other hand for (α = 0), the non-rotating version of the solution reduces to the five dimensional Reissner-Nordström black hole (32), and the rotating version (37) reproduces the five dimensional Kerr-Newman modification thereof for small a, namely f(r) = 8M 3r^2 − 2q^2 3r^4 , h(r) = 1 r^2

. (38)

In order to study physical properties of these solutions, we compute the angular velocity of the solutions at the horizons and the value of gyromagnetic ratio in the general situation when α ≠ 0.

The angular velocity at the outer horizon r = r_+ is given in the leading order by

Ω_+ = g_{tϕ}(r = r_+, θ = π/2) R^2(r_+) = ( − 4Ma(α^2 + 2) 3 e^{−4bα3} r α2−4 α2+1 + + 2q^2a(α^2 + 1) 3 r^− 6 α2+1 + ) . (39)

Finally, we compute the angular momentum J and the magnetic dipole moment μ which appear at the first order. For an asymptotically flat spacetime, the angular momentum and magnetic dipole moment are related to the asymptotic form of the metric by

A_ϕ = μ sin^2 θ r^2

+ O(1/r^4), (40) g_{tϕ} = 2J sin^2 θ r^2

+ O(1/r^4), (41)

In the absence of asymptotic flatness, the angular momentum and the magnetic dipole moment are not well-defined. Let us define an effective angular momentum J_{eff} and the effective magnetic dipole moment μ_{eff} according to

J_{eff} = a 3 ( 2M(α^2 + 2)e^{−4bα/3}r^{3γ} − q^2(α^2 + 1)r^{2(2γ−1)} ) , (42) μ_{eff} = aqr^γ , (43)

where γ = α^2/(α^2 +1). We can easily show that the effective gyromagnetic ratio g_{eff} can be written as μ_{eff} = g_{eff} QJ_{eff} 2M , (44)

then we find

g_{eff} = 3e^{4bα/3} α^2 + 2 r^{−2γ} ( 1 − q^2(α^2 + 1)e^{4bα/3} 2M(α^2 + 2) r^{γ−2} )_{−1} . (45)

Notice that in the absence of dilaton field (α = γ = 0), as r goes to infinity, the effective g_{eff} of Eq. (45) reduces to g = 3/2 of the five dimensional Kerr-Newman black holes. In general, for α ≠ 0, g_{eff} is a function of r, and goes to zero as r → ∞.

b) The second calss of solutions are U(r) = r^{2−2N} ( (α^2 + 4)^2(1 − q^2e^{4bα}3 ) (α^2 + 2)(α^2 − 4) − 4M 3N r^{−(1+N )} ) , (46) ϕ(r) = b + 3α 4 + α^2 ln(r), (47) R(r) = r^N , (48)

with N = α^2/(4 + α^2) and b a constant. In order to fully satisfy the system of equations, we must have β = −α/3. The constant b is related to the Λ parameter via Λ = 2 α^2 − 4 ( −6e^{2αb3} + q^2(α^2 + 2)e^{2αb} ) . (49)

The solution is ill defined for α = ±2, 0. The large α limit gives five dimensional Schwarzschild black hole (19). Setting Λ = 0 in (49) and solving for q^2, the solutions reduce to that with V (Φ) = 0. There is an event horizon at

r_h = ( 4M(2 + α^2)(4 − α^2) 3α^2(4 + α^2)(−1 + q^2e^{4bα}3 )

) α^2+4_{2α2 +4} , (50)

which is regular when the right-hand-side of (50) is positive. The extremal limits correspond to r_h = 0 or r_h = ∞. The cases with α^2 < 4 and α^2 > 4 should be considered separately. In order to have regular horizon, in the first case we must have q^2 > q^2_{ext}, while in the second case ones should get q^2 < q^2_{ext}, where q^2_{ext} = e^{−4bα}3 .

The temperature and the entropy of the black hole on the outer horizon, up to O(a) are T = 1 4π dU dr (r_h) =

(4 + α^2)M 2π(4 − α^2) ( −1 + q^2e^{4bα3} ) r 4−α2 4+α2

h , (51) S = π^2 2 r^{3N}_h . (52)

Here, we are interested in finding the rotating version of this static solution, that is to say, in solving the corresponding coupled equations for two unknown functions f(r) and h(r). As in previous cases, there exists the unusual solution I, where there is a change in the metric from the non-rotating form without any change in the Maxwell field, as before.

In the large α limit and b < 0, we obtain slowly rotating five dimensional Kerr black hole (25). The corresponding static case is the five dimensional Schwarzschild black hole (19). For asymptotic solutions (r → ∞), once again we obtain solution (26). In this case q is related to α and m via

q^2 = α^4(m^2 − 4m − 4) + 4α^2(2m^2 − 3m + 2) + 16(m^2 + m + 2) α^4(m − 2)^2 + 4α^2(2m^2 − 3m − 2) + 16(m^2 + m − 2) e^{−4αb}3 , (53)

c) The third calss of solutions are U(r) = ( α^2 + 4 α^2 + 2

)_2 r^{2−2N} − 4M 3N r^{1−3N} + 2Λ 3N(1 − 5N) ( q^2(α^2 + 2) 6 ) 2_{α2}

r^{2N} , (54) ϕ(r) = b + 3α 4 + α^2 ln(r), (55) R(r) = r^N , (56)

with N = α^2/(4 + α^2) and b a constant. In order to fully satisfy the system of equations, we must have β = −^4_{3α} . The constant b is related to the q parameter via the (18). Note that in the case Λ = 0, our solutions reduce to (16). The solution is ill defined for α^2 = 1, 0. On the other hand, in the limit α^2 → ∞, the solutions become

U(r) = 1 − 4M 3r^2 − Λr^2 6 , R(r) = r, (57)

which is the form for 5-dimensional Schwarzschild (anti)-de Sitter black hole. Unfortunately, because of the nature of the exponents of r in (54), the event horizon determined by U(r) = 0 can not be expressed in a closed analytical form for arbitrary α.

Here, we are interested in finding the rotating version of this static solution, that is to say, in solving the corresponding coupled equations for two unknown functions f(r) and h(r). As in previous cases, there exists the unusual solution I, where there is a change in the metric from the non-rotating form without any change in the Maxwell field, as before.

VI. In the large α limit we have solution of the form f(r) = ( 8M 3r^2 + Λr^2 3 ) e^{−4αb3} + r^2, h(r) = 1 r^2

, (58)

This is the form for slowly rotating five dimensional Kerr (anti)-de Sitter black hole. The corresponding static case is the five dimensional Schwarzschild (anti)-de Sitter black hole (57).

VII. For α = 2, there are asymptotic solutions like f(r) = 1 2m − 3 ( 8q^2r^{2m−1}2 + r ) , h(r) = r^m. (59)

Note that this solution does not exist in the case m = 3/2. In addition, this solution exists if Λ related to the m via Λ = 1 mq(2m − 3) ( 4m^2 − 6m − 9 − 9q^2e^{8b/3} ) . (60)

V. CONCLUDING REMARKS

Unfortunately, exact rotating solutions to the Einstein equation coupled to matter fields with curved horizons are difficult to find except in a limited number of cases. Indeed, exact rotating black holes/rings solutions have been obtained only for some limited values of the coupling constant such as α = √ 3 [9], α = √ 8/3 [10] or α = 1 when the string three-form H_{abc} is included [20]. For general dilaton coupling, the properties of charged dilaton black holes in four dimensions, only with infinitesimally small angular momentum [11] or small charge [12] have been investigated. When the horizons are flat, exact charged rotating dilaton black string solutions, in four-dimensional [13] and (n + 1)-dimensional [15] EMd gravity have also been constructed. Till now, charged rotating dilaton black holes solutions with curved horizons for an arbitrary coupling constant in more than four dimensions (n ≥ 5), have not been constructed.

In this paper first, we studied electrically charged, static and spherically symmetric black hole solutions to five dimensional Einstein-Maxwell-dilaton gravity without potential and with a Liouvilletype potential. These black holes have unusual asymptotics. They are neither asymptotically flat nor (anti-) de Sitter. Second, we considered the effect of adding a small amount of rotation parameter a to the black hole. We discarded any terms involving a^2 or higher power in a. Inspection of the Kerr-Newman solutions shows that the only term in the metric changes to O(a) is g_{tϕ}. Similarly, the dilaton does not change to O(a) and A_ϕ is the only component of the vector potential that change to O(a). For small angular momentum, the field equations led to the coupled differential equations (13) and (14) for two unknown functions f(r) and h(r), for which we presented several classes of solutions. We also computed in each cases, temperature and entropy of the black hole, which did not change to O(a) from the static case. In the presence of Liouville-type potential we have three classes of solutions. We showed that in the absence of dilaton field (α = 0), the nonrotating version of the first class of solution reduces to the five dimensional Reissner-Nordström black hole, and the rotating version reproduces the five dimensional Kerr-Newman modification for small a, while in the limit α → ∞, the non-rotating version of the second (third) class of solution reduces to the five dimensional Schwarzschild (Schwarzschild-A/dS) black hole, and the rotating version reproduces the five dimensional Kerr (Kerr-A/dS) modification thereof for small rotation parameter a. We also computed the effective gyromagnetic ratio g_{eff} and angular velocity of these rotating black holes and show that in general g_{eff} depends on the r and α. In the absence of dilaton field (α = 0), g_{eff} has an asymptotic value 3/2, while for α ≠ 0, it goes to zero as r → ∞. Note that the five dimensional charged rotating dilaton black hole solutions obtained here have small angular momentum. Thus, it would be interesting if one can constructs charged rotating dilaton black hole with arbitrary rotation parameter. One can also attempt to extend these solutions to higher dimensional (n > 5) rotating dilaton black holes with curved horizons.

Acknowledgments

This work has been supported in part by by Shiraz University.

[1] G. W. Gibbons and K. Maeda, Nucl. Phys. B298, 741 (1988); T. Koikawa and M. Yoshimura, Phys.

Lett. B189, 29 (1987); D. Brill and J. Horowitz, ibid. B262, 437 (1991).

[2] 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. Boulware and S. Deser Phys. Lett B 175, 409 (1986).

[3] S. Mignemi and D. Wiltshire, Class. Quant. Grav. 6, 987 (1989); D. Wiltshire, Phys. Rev. D 44, 1100 (1991); S. Mignemi and D. Wiltshire, ibid. D 46, 1475 (1992).

[4] S. Poletti and D. Wiltshire, Phys. Rev. D 50, 7260 (1994); ibid.52, 3753 (1995); B. Kleihaus, J. Kunz, F. Navarro-Lerida. Phys. Rev. D 69, 064028 (2004).

[5] K. C. K. Chan, J. H. Horne and R. B. Mann, Nucl. Phys. B447, 441 (1995). [6] R. G. Cai, J. Y. Ji and K. S. Soh, Phys. Rev. D 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).

[7] S. S. Yazadjiev, Class.Quant.Grav. 22, 3875 (2005); S. S. Yazadjiev [arXiv:hep-th/0507097]. [8] G. Clement, D. Gal’tsov and C. Leygnac, Phys. Rev. D 67, 024012 (2003); G. Clement and C. Leygnac, ibid. 70, 084018 (2004).

[9] 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).

[10] H. Kunduri and J. Lucietti, Phys. Lett. B609, 143 (2005); S. S. Yazadjiev Phys. Rev. D 72, 104014 (2005).

[11] J. H. Horne and G. T. Horowitz, Phys. Rev. D 46, 1340 (1992); K. Shiraishi, Phys. Lett. A166, 298 (1992); T. Ghosh and P. Mitra, Class. Quant. Grav. 20, 1403 (2003); A. Sheykhi and N. Riazi, Int. J. Theor. Phys. to be published, [arXiv:hep-th/0605072].

[12] R. Casadio, B. Harms, Y. Leblanc and P. H. Cox, Phys. Rev. D 55, 814 (1997). [13] M. H Dehghani, Phys. Rev. D 71, 064010 (2005).

[14] M. H Dehghani and N. Farhangkhah, Phys. Rev. D 71, 044008 (2005). [15] A. Sheykhi, M. H. Dehghani, N. Riazi and J. Pakravan [arXiv:hep-th/0606237]. [16] R. C. Myers, M. J. Perry, Ann. Phys. (N.Y.) 172, 304 (1986).

[17] J. Kunz, D. Maison, F. N. Lerida and J. Viebahn, [arXiv:hep-th/0606005]. [18] J. Brown and J. York, Phys. Rev. D 47, 1407 (1993).

[19] J. D. Beckenstein, Phys. Rev. D 7, 2333 (1973); S. W. Hawking, Nature (London) 248, 30 (1974); G.

W. Gibbons and S. W. Hawking, Phys. Rev. D 15, 2738 (1977). [20] A. Sen, Phys. Rev. Lett. 69, 1006 (1992).