arXiv:hep-th/0308104 v2 7 Sep 2003

MIFP-03-20 ULB-TH/03-27 hep-th/0308104 August 2003

Four-Dimensional Einstein Yang-Mills De Sitter Gravity From Eleven Dimensions

H. Lü^{∗1} and J.F. Vázquez-Poritz^{†2}

∗George P. and Cynthia W. Mitchell Institute for Fundamental Physics, Texas A& M University, College Station, TX 77843-4242, USA

†Physique Théorique et Mathématique, Université Libre de Bruxelles, Campus Plaine C.P. 231, B-1050 Bruxelles, Belgium

ABSTRACT

We obtain D = 4 de Sitter gravity coupled to SU(2) Yang-Mills gauge fields from an explicit and consistent truncation of D = 11 supergravity via Kaluza-Klein dimensional reduction on a non-compact space. The “internal” space is a smooth hyperbolic 7-space (H^7) written as a foliation of two 3-spheres, on which the SU(2) Yang-Mills fields reside. The positive cosmological constant is completely fixed by the SU(2) gauge coupling constant. The explicit reduction ansatz enables us to lift any of the D = 4 solutions to D = 11. In particular, we obtain dS_2 in M-theory, where the nine-dimensional transverse space is an H^7 bundle over S^2. We also obtain a new smooth embedding of dS_3 in D = 6 supergravity.

1 Research supported in part by DOE grant DE-FG03-95ER40917.

2 Research supported in part by the Francqui Foundation (Belgium), the Actions de Recherche Concertées of the Direction de la Recherche Scientifique - Communauté Francaise de Belgique, IISN-Belgium (convention 4.4505.86) and by a “Pole d’Attraction Interuniversitaire.”

1 Introduction

The embedding of Anti-de Sitter (AdS) spacetimes in M-theory and string theories is rather straightforward. In fact, gauged supergravities in diverse dimensions with AdS vacuum have either been shown or are expected to be obtainable from consistent Kaluza-Klein sphere reductions of D = 11 or D = 10 supergravities. Notable examples include the simple embedding of D = 4, N = 2, SU(2) Yang-Mills AdS supergravity in D = 11 [1], the significantly more complicated S^7 [2, 3] and S^4 [4, 5, 6] reductions of M-theory, and the warped S^4 reduction of massive type IIA theory [7]. Although the S^5 reduction of type IIB theory has yet to be fully established,^1 the reduction of a certain truncation of the theory has been constructed [9, 10].

On the other hand, there is less known regarding embedding de Sitter (dS) spacetime in M-theory or string theories, mostly because this is quite a bit more complicated than the case of AdS. With recent experimental evidence suggesting that our universe might be de Sitter [11, 12], there is increasing interest in de Sitter gravity in cosmology and the dS/CFT correspondence [13, 14, 15, 16, 17]. Thus, it is of importance to obtain the embedding of a non-trivial de Sitter gravity theory in M-theory or string theories.

The first de Sitter solution within the context of an extended supergravity theory was found in [18]. While no-go theorems [19, 20] imply that de Sitter spacetime cannot arise from a compactification of a supergravity theory, it can arise from a supergravity theory with a non-compact “internal” space [21]. Explicit embeddings of dS_4 and dS_5 in M-theory and type IIB supergravity, respectively, were obtained in [22]. These arise as ten or eleven-dimensional solutions that have a non-compact hyperbolic internal space.

In this paper, we obtain four-dimensional de Sitter gravity with SU(2) Yang- Mills gauge fields from a less constrained truncation of D = 11 supergravity via Kaluza-Klein dimensional reduction on the non-compact space. In this construction, a consistent truncation of the higher-dimensional theory is required in which there are no modes which depend on the internal space. The SU(2) fields arise from modes on the S^3 portions of the internal space. The Yang-Mills gauge coupling constant

1The full metric ansatz was conjectured in [8].

is completely fixed by the cosmological constant. The kinetic terms for the SU(2) gauge fields have the correct sign, implying that the theory is not merely an analytical continuation of SU(2) AdS supergravity.

This paper is organized as follows. In section 2, we rederive the embedding of dS_4 spacetime in M-theory, with the transverse space being an H^7 written as a foliation of two 3-spheres. In section 3, we propose a reduction ansatz for obtaining D = 4 SU(2) Yang-Mills de Sitter gravity from D = 11. We show that the reduction ansatz is indeed consistent with the D = 11 equations of motion, and hence obtain the Lagrangian for D = 4 SU(2) Yang-Mills de Sitter gravity. The consistency of the reduction ansatz enables us to lift any D = 4 solution back to D = 11. In section 4, we discuss this in detail. In particular, we embed dS_2 and (Minkowski)_2 spacetimes in D = 11. The internal space is an H^7 bundle over S^2. We also embed a cosmological solution which smoothly interpolates between dS_2 × S^2 at the infinite past in the co-moving time to a dS_4-type geometry at the infinite future. In section 5, we obtain an embedding of dS_3 in D = 6 supergravity with the transverse space being an H^3 written as a foliation of two circles. We conclude our paper in section 6.

2 Embedding dS_4 in D = 11

We now show how the dS_4 embedding in D = 11 supergravity found in [22] can be obtained directly from the eleven-dimensional equations of motion. We start with the Lagrangian of the bosonic sector of D = 11 supergravity, given by

L = R ∗1l −^1_2 ∗F_{(4)} ∧ F_{(4)} −^1_6 A_{(3)} ∧ F_{(4)} ∧ F_{(4)} , (1)

where F_{(4)} = dA_{(3)}. We consider the ansatz

ds^2 = H^2 ds^2_4 + dρ^2 + a^2 dΩ^2_3 + b^2 d ~Ω^2_3 , F_4 = q ϵ_{(4)} , (2)

where H, a and b are functions of ρ, ds^2_4 is four-dimensional de Sitter spacetime with cosmological constant Λ = 6λ^2, i.e. R_{μν} = 3λ^2 g_{μν} , and ϵ_{(4)} is the corresponding volume-form. dΩ^2_3 and d ~Ω^2_3 are the metrics of the two unit 3-spheres. The Einstein equations of motion are given by 4Ḧ H + 3ä a + 3b̈ b = − q^2 6H^8 , Ḧ H + 3Ḣ^2 H^2 + 3Ḣ H (ȧ a + ḃ b ) = q^2 3H^8 + 3λ^2 H^2 , ä a + 2ȧ^2 a^2 + 3ȧ ḃ a b + 4ȧ Ḣ a H − 2 a^2 = − q^2 6H^8 , b̈ b + 2ḃ^2 b^2 + 3ȧ ḃ a b + 4ḃ Ḣ b H − 2 b^2 = − q^2 6H^8

, (3)

where a dot represents a derivative with respect to ρ. If the metric ds^2_4 is AdS instead of dS, then one can have a solution with H being a constant. In this case, ρ becomes an angular coordinate with a ∼ cos ρ and b ∼ sin ρ, so that the metric becomes the direct product of AdS_4 and S^7, with the seven sphere written as a foliation of two three spheres. Inspired by the sphere reduction ansatz [3], we consider the following redefinition of variables

H^2 = Δ^{2/3} , a^2 = Δ^{−1/3} ã^2 , b^2 = Δ^{−1/3} b̃^2 . (4)

Following the analogous relation in the case of AdS_4 × S^7, we have

ã^2 =^1_2 ℓ^2 (Δ + 1) , b̃^2 =^1_2 ℓ^2 (Δ − 1) , (5)

where ℓ is a constant scale parameter. Substituting (4) and (5) into (3), we find that the constants q and λ must satisfy

q^2 ℓ^2 = 4 , λ^2 ℓ^2 =^4_3 . (6)

The equations (3) reduce to a single first-order differential equation

ℓ^2 Δ^{23} Δ̇^2 − 4Δ^2 + 4 = 0 . (7)

Making a coordinate change dρ = ℓ Δ^{1/3} dθ, we can easily solve for Δ, which is given by Δ = cosh (2θ) . (8) Thus we have an explicit embedding of dS_4 in D = 11 given by

ds^2 = cosh^23 (2θ) ds^2_4 + ℓ^2 cosh^23 (2θ) dθ^2

+ cosh^{− 13} (2θ) ( cosh^2 θ dΩ^2_3 + sinh^2 θ d ~Ω^2_3 ) , F_4 = 2 ℓ ϵ_{(4)} . (9)

This solution was obtained in [22].

Each S^3 in (9) can be replaced by a three-dimensional lens space. A Kaluza-Klein reduction and Hopf T-duality transformation on the fibre coordinate of the two lens spaces yields an embedding of dS_4 in type IIB theory. This procedure was used for the case of AdS solutions in [23].

If we consider (9) as a reduction ansatz from D = 11 to D = 4, then the resulting four-dimensional theory is Einstein gravity with a positive cosmological constant, and with a corresponding Lagrangian given by e^{−1}L = R − 8 ℓ^2

. (10)

3 Embedding Yang-Mills de Sitter gravity

The metric of the 3-spheres in (9) can be written as dΩ^2_3 =^1_4 (σ^2_1 + σ^2 + σ^2_3) , d ~Ω^2_3 =^1_4 (σ̃^2_1 + σ̃^2 + σ̃^2_3) , (11) where σ_i and σ̃_i are SU(2) left-invariant 1-forms satisfying dσ_i = −^1_2 ϵ_{ijk} σ_j ∧ σ_k , dσ̃_i = −^1_2 ϵ_{ijk} σ̃_j ∧ σ̃_k . (12) Thus, we can introduce SU(2) Yang-Mills fields A^i_{(1)} to the vielbein h^i = σ_i − g A^i_{(1)} , h̃^i = σ̃_i − g A^i_{(1)} . (13) With these preliminaries, we propose the reduction ansatz

ds^2_{11} = Δ^23 ds^2_4 + g^{−2} Δ^23 dθ^2 +^1_4 g^{−2} Δ^{− 1}3 [ c^2 ∑ i (h^i)^2 + s^2 ∑ i (h̃^i)^2 ] , (14) F_{(4)} = 2g ϵ_{(4)} −^1_4 g^{−2} ( s c dθ ∧ h^i ∧ ∗F^i_{(2)} − s c dθ ∧ h̃^i ∧ ∗F^i_{(2)} −^1_4 c^2 ϵ_{ijk} h^i ∧ h^j ∧ ∗F^k_{(2)} +^1_4 s^2 ϵ_{ijk} h̃^i ∧ h̃^j ∧ ∗F^k_{(2)} ) , (15) where c = cosh θ, s = sinh θ, Δ = cosh(2θ), and * denotes the four-dimensional Hodge dual. Note that we have rewritten the scale parameter ℓ of section 2 in terms of g = ℓ^{−1}. The SU(2) Yang-Mills field strengths F^i_{(2)} are given by F^i_{(2)} = dA^i_{(1)} +^1_2 g ϵ_{ijk}A^j_{(1)} ∧ A^k_{(1)} . (16)

The D = 11 Hodge dual of the 4-form is given by

^∗F_{(4)} =^1_{32} g^{−6} Δ^{−2} c^3 s^3 dθ ∧ ϵ_{(3)} ∧ ϵ̃_{(3)} −^1_{128} g^{−5} Δ^{−1} c^2 s^4 ϵ_{ijk} h^i ∧ h^j ∧ F^k_{(2)} ∧ ϵ̃_{(3)} −^1_{128} g^{−5} Δ^{−1} s^2 c^4 ϵ_{ijk} h̃^i ∧ h̃^j ∧ F^i_{(2)} ∧ ϵ_{(3)} +^1_{32} g^{−5} c s^3 dθ ∧ h^i ∧ F^i_{(2)} ∧ ϵ̃_{(3)} +^1_{32} g^{−5} s c^3 dθ ∧ h̃^i ∧ F^i_{(2)} ∧ ϵ_{(3)} . (17)

It is straightforward to verify that the Bianchi identity dF_{(4)} = 0 is satisfied provided that the SU(2) Yang-Mills fields A^i_{(2)} satisfy the lower-dimensional equations of motion D∗F^i_{(2)} = 0 , (18) where the covariant derivative D is defined by DV^i = dV^i + g ϵ_{ijk} A^j ∧ V^k , for any vector V^i. The following identities are useful in verifying the equations of motion

DF^i_{(2)} = 0 , Dh^i = −^1_2 ϵ_{ijk} h^j ∧ h^k − g F^i_{(2)} Dh̃^i = −^1_2 ϵ_{ijk} h̃^j ∧ h̃^k − g F^i_{(2)} . (19)

The following formulae are also useful

d(h^i ∧ ∗F^i_{(2)}) = Dh^i ∧ ∗F^i_{(2)} − h^i ∧ D∗F^i_{(2)} = −^1_2 ϵ_{ijk} h^j ∧ h^k ∧ ∗F^i_{(2)} − g F^i_{(2)} ∧ ∗F^i_{(2)} , ϵ_{ijk} d(h^i ∧ h^j ∧ ∗F^k_{(2)}) = ϵ_{ijk} D(h^i ∧ h^j ) ∧ ∗F^k_{(2)} = 0 . (20)

The verification of d^∗F_{(4)} =^1_2 F_4 ∧ F_{(4)} requires the following identity

Δ^{−2} c^3 s^3 −^1_2 (Δ^{−1} c^2 s^4)^′ + c s^3 = 0 , −Δ^{−2} c^3 s^3 −^1_2 (Δ^{−1} s^2 c^4)^′ + s c^3 = 0 . (21)

The evaluation of the D = 11 Einstein equations of motion are much more complicated, and we have not performed the calculation in full detail. However, we have verified that the equations of motion work for the U(1) subsector of the SU(2) gauge fields. Combining the result, the lower-dimensional equations of motion can be obtained from the Lagrangian

e^{−1}L = R −^1_4 (F^i_{(2)})^2 − 8g^2 . (22)

The cosmological constant 8g^2 is totally fixed by the gauge coupling constant g. Thus, we have obtained four-dimensional Einstein SU(2) Yang-Mills de Sitter gauged gravity from D = 11 by consistent Kaluza-Klein reduction on a hyperbolic 7-space.

It is worth remarking that D = 11 supergravity can also give rise to D = 4 SU(2) AdS supergravity [1]. Also, de Sitter gravity with the wrong sign in the kinetic terms for gauge fields can arise from hyperbolic reduction of * variations of M-theory, type IIB or massive type IIA theories [27, 24]. In our reduction of M-theory, however, the sign of the kinetic term for A^i_{(1)} is the right one.

4 Lifting of solutions

The four-dimensional Lagrangian (22) admits a large class of solutions, including multi-center black holes [25, 26, 27]. Using our reduction ansatz (14) and (15), all of these solutions can be lifted to eleven dimensions. We will first explicitly lift the case of dS_2 × S^2, which is supported by one of the SU(2) gauge fields, e.g. F^3_{(2)}. This solution is given by

ds^2_4 = −dτ^2 + e τ ℓ √ 2 dx^2 + 4ℓ^2 dΩ^2 , F^3_{(2)} =^1_{2ℓ} e^{τ2√2 ℓ} dτ ∧ dx , ∗F^3_{(2)} = 2ℓ Ω_{(2)} , (23)

where ℓ^2 = 3/(64g^2 ). Note that the role of F^3_{(2)} and ∗F^3_{(2)} are interchangeable, giving rise to either the electric or magnetic solutions, with the metric unchanged. Lifting this solution back to D = 11 yields a smooth and regular embedding of dS_2 given by

ds^2_{11} = Δ^23 ( − dτ^2 + e τ ℓ √ 2 dx^2 + 4ℓ^2 dΩ^2 ) + g^{−2} Δ^23 dθ^2 +^1_4 g^{−2} Δ^{− 1}3 [ c^2 ( dω^2 + (σ_3 − √ 2 g e^{τ2√2 ℓ} dx)^2 ) +s^2 ( d ~ω^2 + (σ̃_3 − √ 2 g e τ 2 √ 2 ℓ dx)^2 )] , F_{(4)} = 8g ℓ^2 e^{τ2√2 ℓ} dτ ∧ dx ∧ Ω_{(2)} (24) −^1_2 g^{−2} ℓ ( s c dθ ∧ (σ_3 − σ̃_3) −^1_2 c^2 ω_{(2)} ∧ +^1_2 s^2 ω̃_{(2)} ) ∧ Ω_{(2)} .

We explicitly verified that the above solution satisfies the equations of motion of D = 11 supergravity, which serves as a double check of our reduction ansatz (14) and (15). In this smooth embedding of dS_2 in M-theory, the metric can be viewed as a rotating brane. Of course, if we interchange the role of F^3_{(2)} and ∗F^3_{(2)} in (23), then the transverse space is a nine-dimensional non-compact space which can be viewed as an H^7 bundle over S^2.

We will now consider a regular cosmological solution of (22) given by

ds^2_4 = H^2 (−f^{−1} dt^2 + f dx^2 + t^2 dΩ^2) F^3_{(2)} = 2ℓ (t H)^2 dt ∧ dx , ∗F^3_{(2)} = 2ℓ Ω_{(2)} ,

H = 1 + ℓ t , f =^4_3 g^2t^2 H^4 − 1 . (25)

This solution is, in fact, nothing but the BPS AdS Reissner-Nordstrøm black hole with g → i g [28]. When g^2 ℓ^2 =^3_{64} , the solution interpolates between dS_2 × S^2 at the infinite past in the co-moving time to a dS_4-type geometry at the infinite future with the boundary of S^2 × S^1 [28]. It is straightforward to lift the solution back to D = 11 and obtain a regular cosmological solution in M-theory. The corresponding metric is given by

ds^2_{11} = Δ^{23} H^2 ( − f^{−1} dt^2 + f dx^2 + t^2 dΩ^2 ) + g^{−2} Δ^{23} dθ^2 (26) +^1_4 g^{−2} Δ^{− 1}3 [ c^2 ( dω^2 + (σ_3 − 2g H dx)^2 ) + s^2 ( d ~ω^2 + (σ̃_3 − 2g H dx)^2 )] . As a final example, we will lift (Minkowski)_2 × S^2 to eleven dimensions. This four-dimensional solution is given by

ds^2_4 = −dτ^2 + dx^2 + 1 8g^2 dΩ^2 ,

F^3_{(2)} = 4g dτ ∧ dx , ∗F^3_{(2)} = 1 2g Ω_{(2)} . (27)

Lifting this solution back to D = 11 yields a smooth and regular embedding of M_2, whose metric is given by

ds^2_{11} = Δ^23 ( − dτ^2 + dx^2 + 1 8g^2 dΩ^2 ) + g^{−2} Δ^23 dθ^2

+^1_4 g^{−2} Δ^{− 1}3 [ c^2 ( dω^2 + (σ_3 − 4g^2 dx)^2 ) +s^2 ( d ~ω^2 + (σ̃_3 − 4g^2 dx)^2 )] . (28)

As in the previous examples, one can interchange the role of F^3_{(2)} and ∗F^3_{(2)} in (27).

5 Further embeddings of dS spacetime

In [22], there are further embeddings of dS spacetime in M-theory or type IIB supergravities. In our example of a dS_4 embedding in M-theory, the H^7 is a foliation of S^3 × S^3. The embeddings of dS_4 in M-theory with a squashed H^7 being a foliation of S^2 × S^4 and dS_5 in type IIB theory with the H^5 being a foliation of S^2 × S^2 were obtained in [22]. In this section, we obtain an new embedding of dS_3 in D = 6 supergravity. The relevant Lagrangian is given by

e^{−1} L = R −^1_2 (∂ϕ)^2 −^1_{12} e^{√2ϕ} F^2_{(3)} . (29)

The solution is given by

ds^2_6 = Δ ds^2_3 + g^{−2} Δ dθ^2 + g^{−2} Δ^{−1} (c^2 dϕ^2_1 + s^2 dϕ^2) , F_{(3)} = 2g (ϵ_{(3)} + ∗ psilon_{(3)}) , ϕ = 0 , (30)

where ds^2_3 is dS_3 spacetime with cosmological constant Λ = 2g^2. Note that the transverse space is an H^3 written as a foliation of two circles. This theory can be reduced to pure de Sitter gravity in three dimensions, with the corresponding Lagrangian given by e^{−1}L_3 = R − 2g^2 . (31)

6 Conclusions

We have obtained D = 4 de Sitter gravity coupled to SU(2) Yang-Mills fields from a consistent Kaluza-Klein reduction and truncation of D = 11 supergravity on a hyperbolic 7-space. The hyperbolic space is written as a foliation of two 3-spheres, on which the SU(2) fields are embedded. Unlike in the case of * theories, the kinetic terms of the gauge fields have the correct sign. The four-dimensional cosmological constant is completely fixed by the gauge coupling constant. Although our reduction procedure fits within the general pattern of non-compact gaugings and their higherdimensional origins, described in [21], our result provides the first explicit embedding of a non-trivial de Sitter gauge gravity in M-theory.

The reduction ansatz enables us to lift any solution of the four-dimensional theory to eleven dimensions. We discuss the embeddings of smooth cosmological solutions.

In particular, we obtain the embeddings of dS_2 and M_2 in M-theory, as well as that of a cosmological solution which smoothly interpolates between dS_2 × S^2 at the infinite past in the co-moving time to a dS_4-type geometry at the infinite future. We also obtain a new embedding of dS_3 in D = 6 supergravity. Our results provide important tools with which to study the dS/CFT correspondence from the point of view of string and M-theory.

Acknowledgment

We are grateful to Chris Pope for useful discussions.

References

[1] C.N. Pope, The Embedding Of The Einstein Yang-Mills Equations In D = 11 Supergravity, Class. Quant. Grav. 2, L77 (1985).

[2] B. de Wit and H. Nicolai, The Consistency Of The S^7 Truncation In D = 11 Supergravity, Nucl. Phys. B281, 211 (1987).

[3] M. Cvetič, H. Lü and C.N. Pope, Four-dimensional N = 4, SO(4) gauged supergravity from D = 11, Nucl. Phys. B574, 761 (2000), hep-th/9910252.

[4] H. Nastase, D. Vaman and P. van Nieuwenhuizen, Consistent nonlinear KK reduction of 11d supergravity on AdS_7 × S^4 and self-duality in odd dimensions, Phys. Lett. B469, 96 (1999), hep-th/9905075.

[5] H. Lü and C.N. Pope, Exact embedding of N = 1, D = 7 gauged supergravity in D = 11, Phys. Lett. B467, 67 (1999), hep-th/9906168.

[6] H. Nastase, D. Vaman and P. van Nieuwenhuizen, Consistency of the AdS_7 × S^4 reduction and the origin of self-duality in odd dimensions, Nucl. Phys. B581, 179 (2000), hep-th/9911238.

[7] M. Cvetič, H. Lü and C.N. Pope, Gauged six-dimensional supergravity from massive type IIA, Phys. Rev. Lett. 83, 5226 (1999), hep-th/9906221.

[8] A. Khavaev, K. Pilch and N.P. Warner, New vacua of gauged N = 8 supergravity in five dimensions, Phys. Lett. B487, 14 (2000), hep-th/9812035.

[9] H. Lü, C.N. Pope and T.A. Tran, Five-dimensional N = 4, SU(2) × U(1) gauged supergravity from type IIB, Phys. Lett. V475, 261 (2000), hep-th/9909203.

[10] M. Cvetič, H. Lü, C.N. Pope, A. Sadrzadeh and T.A. Tran, Consistent SO(6) reduction of type IIB supergravity on S(5), Nucl. Phys. B586, 275 (2000), hep-th/0003103.

[11] S. Perlmutter et al. [Supernova Cosmology Project Collaboration], Measurements of the Cosmological Parameters Ω and Λ from the First 7 Supernovae at z >= 0.35, Astrophys. J. 483, 565 (1997), astro-ph/9608192.

[12] A.G. Riess et al. [Supernova Search Team Collaboration], Observational Evidence from Supernovae for an Accelerating Universe and a Cosmological Constant, Astron. J. 116, 1009 (1998), astro-ph/9805201.

[13] M.-I. Park, Statistical entropy of three-dimensional Kerr-de Sitter space, Phys.

Lett. B440 (1998) 275, hep-th/9806119.

[14] M.-I. Park, Symmetry algebras in Chern-Simons theories with boundary: canonical approach, Nucl. Phys. B544 (1999) 377, hep-th/9811033.

[15] A. Strominger, The dS/CFT correspondence, JHEP 10 (2001) 034, hep-th/ 0106113.

[16] A. Strominger, Inflation and the dS/CFT correspondence, JHEP 11 (2001) 049, hep-th/0110087.

[17] V. Balasubramanian, J. de Boer and D. Minic, Mass, entropy and holography in asymptotically de Sitter spaces, Phys. Rev. D65 (2002) 123508, hep-th/0110108.

[18] S.J. Gates, Jr. and B. Zwiebach, Gauged N = 4 supergravity theory with a new scalar potential, Phys. Lett. B123 (1983) 200.

[19] G.W. Gibbons, ‘Aspects of supergravity theories,’ Published in GIFT seminar on supersymmetry, supergravity and related topics, edited by F. del Aguila, J.A. de Azcarraga and L.E. Ibanez, World Scientific (1984).

[20] J. Maldacena and C. Nunez, Supergravity description of field theories on curved manifolds and a no go theorem, Int. J. Mod. Phys. A16 (2001) 822, hep-th/0007018.

[21] C.M. Hull and N.P. Warner, Noncompact Gaugings From Higher Dimensions, Class. Quant. Grav. 5, 1517 (1988).

[22] G.W. Gibbons and C.M. Hull, de Sitter space from warped supergravity solutions, hep-th/0111072.

[23] M. Cvetič, H. Lü, C.N. Pope and J.F. Vázquez-Poritz, AdS in warped spacetimes, Phys. Rev. D62 (2000) 122003, hep-th/0005246.

[24] H. Lü and J.F. Vazquez-Poritz, From de Sitter to de Sitter, hep-th/0305250.

[25] J.T. Liu and W.A. Sabra, Multi-centered black holes in gauged D = 5 supergravity, Phys. Lett. B498, 123 (2001), hep-th/0010025.

[26] K. Behrndt and M. Cvetič, Time-dependent backgrounds from supergravity with gauged non-compact R-symmetry, hep-th/0303266.

[27] J.T. Liu, W.A. Sabra and W.Y. Wen, Consistent reductions of IIB*/M* theory and de Sitter supergravity, hep-th/0304253.

[28] H. Lü, C.N. Pope and J.F. Vazquez-Poritz, From AdS black holes to supersymmetric flux-branes, hep-th/0307001.