Received: May 31, 2000, Accepted: July 24, 2000

HYPER VERSION

New AdS_3 × G/H compactifications of chiral IIB supergravity

Leonardo Castellani^∗ and Luca Sommovigo

Dipartimento di Scienze e Tecnologie Avanzate Università del Piemonte Orientale, Italy E-mail: castellani@to.infn.it, sommovigo@mfn.unipmn.it

Abstract: We present a new class of solutions of D = 10, N = 2 chiral supergravity. A non-vanishing background for the field strength G_{MNR} of the complex two-form triggers AdS_3 × M_7 compactifications, where M_7 is a 7-dimensional compact manifold. When M_7 is a non-symmetric coset space G/H, we can always find a set of constants G_{MNR} covariantly conserved and thus satisfying the field equations. For example the structure constants of G with indices in the G/H directions are a covariantly conserved tensor. In some symmetric G/H, where these structure constants vanish, there may still exist conserved 3-forms, yielding AdS_3 ×G/H solutions. The conditions for supersymmetry of the AdS_3 × M_7 compactifications are derived, and tested for the supersymmetric solutions AdS_3 ×S^3 ×T^4 and AdS_3 ×S^3 ×S^3 ×S^1. Finally, we show that the AdS_3 × S^3 × T^4 supersymmetric background can be seen as the σ = 0 limit in a one-parameter class of solutions of the form AdS_3 × S^3 × C P^2, the parameter σ being the inverse “radius” of C P^2. For σ ≠ 0 all supersymmetries are broken.

Keywords: Supergravity Models, AdS-CFT Correspondance, Superstrings and Heterotic Strings, Superstring Vacua.

∗Dipartimento di Fisica Teorica and Istituto Nazionale di Fisica Nucleare, Via P. Giuria 1, 10125 Torino, Italy

Contents

1. Introduction 1

2. The ansatz for the AdS_3 × M_7 solutions 3

3. G/H geometry and the tensor J_{abc} 4

4. Supersymmetry conditions 5

5. The supersymmetric solutions AdS_3 × S^3 × T^4

and AdS_3 × S^3 × S^3 × S^1 7

6. Other AdS_3 × G/H solutions 8 6.1 AdS_3 × M^{pqr} 8 6.2 AdS_3 × N^{010} 9

7. Asymptotic supersymmetry: S^3 × (C P^2 → T^4 ) 10

1. Introduction

Spontaneous Anti de-Sitter compactifications of D = 10 chiral N = 2 supergravity have received some attention recently, in the light of the conjectured AdS/CFT correspondence [1]. In particular AdS_5 × M_5 solutions [2, 3], where M_5 = compact space, have been used to glean information on the related 4-dimensional conformal field theory [1, 5, 3, 4]. The presence of a (complex) three-form field strength can trigger compactifications on AdS_3 ×M_7, an example being the known solutions M_7 = S^3 × T^4 and M_7 = S^3 × S^3 × S^1, whose corresponding two-dimensional conformal theory has been investigated in [6]. Further refs on IIB compactifications on spheres can be found in [7].

In this letter we present a general class of AdS_3×M_7 solutions with M_7 = compact 7-dimensional coset space G/H, and derive the conditions for these solutions to be supersymmetric backgrounds. This class of compactifications may be relevant for the study of the two-dimensional CFT’s examined in ref. [8].

The theory contains a complex anti-Weyl gravitino ψ_M and a complex Weyl spinor λ. The bosonic fields are: the graviton g_{MN} , a complex antisymmetric tensor A_{MN} , a real antisymmetric tensor A_{MNRS} (restricted by a self-duality condition) and a complex scalar ϕ. There is a global U(1) symmetry that rotates the two supersymmetry charges into each other. According to a general mechanism in supergravity theories, the scalars can be interpreted as coordinates of non-compact coset spaces. Here the complex scalar ϕ parametrizes the coset SU(1, 1)/ U(1).

After setting the spinor fields to zero, the field equations read [9, 10, 11]:

2R_{MN} = P_M P^∗_N + P^∗_M P_N + 1 6 F^{P QRS}_M F_{P QRSN} + (1.1) + 1 8 ( G^{P Q}_M G^∗_{P QN} + G^{∗ P Q}_M G_{P QN} − 1 6 g_{MN} G^{P QR}G^∗_{P QR} ) , F_{M1−M5} = 1 5! ϵ_{M1−M5N1−N5} F^{N1−N5} , (1.2) (∇^S − iQ^S )G_{MNS} = P^SG^∗_{MNS} − 2i 3 F_{MNP QR}G^{P QR} , (1.3) (∇^M − 2iQ^M )P_M = − 1 24 G^{P QR}G_{P QR} , (1.4) where R_{MN} ≡ R^S_{M SN} and the curvature two-form is defined as R^S_M ≡ dB^S_M +B^S_N ∧ B^N_M ; the vectorial quantities P_M (complex) and Q_M (real) are related to the scalar fields (and derivatives thereof), F_{P QRSN} and G_{P QN} to the field strengths of the fourform and of the two-form, and ∇ is the Lorenz covariant derivative. Here we have adopted the normalizations and conventions of [9]; note however a sign correction in (1.4), already found in [11] and noted also in [4]. Moreover the following Bianchi identities hold (a consequence of the field definitions):

(∇_{[M} − 2iQ_{[M} )P_{N]} = 0 , ∂_{[M} Q_{N]} = −iP_{[M} P^∗_{N]} , (1.5) (∇_{[M} − iQ_{[M} )G_{NRS]} = −P_{[M} G^∗_{NRS]} , (1.6) ∂_{[N} F_{M1...M5]} = 1 8 Im G_{[NM1M2} G^∗_{M3M4M5]} . (1.7)

The supersymmetry variations of the bosonic fields are proportional to Fermi fields, and these vanish in the type of backgrounds we are considering. On the other hand, the supersymmetry variations of the fermionic fields are: δλ = iΓ^M ε^∗P_M − 1 24 iG_{MNP} Γ^{MNP} ε , (1.8) δψ_M = ( ∇_M − i 2 Q_M ) ε + i 480 F_{N1−N5} Γ^{N1−N5} Γ_M ε + + 1 96 ( Γ^{N1−N3} M G_{N1−N3} − 9Γ^{N1N2} G_{MN1N2} ) ε^∗ (1.9)

(in backgrounds with ψ = 0, λ = 0) [9]. A solution is supersymmetric if there exist spinors ε for which these variations vanish.

2. The ansatz for the AdS_3 × M_7 solutions

We use the index conventions

M,N,P. . .= 1-10 m,n,p. . .= 1-3 (run on AdS_3) a,b,c. . .= 4-10 (run on M_7).

and the flat “mostly minus” D=10 metric η = (+, −, −; −, −, −, −, −, −, −). With the Ansatz:

g_{MN} = metric of AdS_3 × M_7 , fermions = 0 ; P_M = Q_M = F_{M1−M5} = 0 , G_{mnp} = eϵ_{mnp} , G_{abc} = gJ_{abc} , (2.1) where e and g are complex constants and J_{abc} a real constant antisymmetric tensor, the field eqs. (1.4) take the form:

6e^2 − g^2J^2 = 0 , J^2 ≡ J_{abc}J_{abc} > 0 (2.2)

implying g = ρ √ 6 J e , ρ = ±1 . (2.3)

Substituting the Ansatz (2.1)and the relation (2.3) into the remaining field equations yields: R_{mn} = 1 4 |e|^2g_{mn} , (2.4) R_{ab} = 3 4 J_{ab} J^2 |e|^2 , J_{ab} ≡ J_{acd}J_{bcd} , (2.5) ∇^cJ_{abc} = 0 , ∇ = M_7 − covariant derivative . (2.6)

Equation (1.2) is trivially satisfied, while eq. (1.3) with free indices m, n holds because ϵ_{mnp} is a covariantly conserved tensor in AdS_3. Moreover it is immediate to check that the Bianchi identities (1.5)–(1.7) are satisfied. Thus our Ansatz is a solution of the classical 2b supergravity equations provided eqs. (2.4)–(2.6) hold. The first equation fixes the AdS_3 radius. If there exist an M_7 — covariantly conserved threeindex antisymmetric tensor J_{abc} in M_7 the third equation is satisfied, and the second equation becomes a condition on the Ricci tensor of M_7.

As we show in the following, such J_{abc} always exist in non-symmetric coset spaces G/H (and in various symmetric G/H). Moreover J_{ab} is diagonal, allowing in most cases G/H to solve eq. (2.5) after a vielbein rescaling.

3. G/H geometry and the tensor J_{abc}

The structure constants of G = H + K are defined by

[H_i, H_j] = C^k_{ij} H_k , H_i ∈ H , [H_i, K_a] = C^j_{ia} H_j + C^b_{ia} K_b , K_a ∈ K , [K_a, K_b] = C^j_{ab} H_j + C^c_{ab} K_c , (3.1)

where the index conventions are obvious. As discussed in ref. [12, p. 251], whenever H is compact or semisimple one can always find a basis of K_a such that the structure constants C^j_{ia} vanish. In that case the G = H + K split, or equivalently the coset space G/H is said to be reductive. For this reason we will deal in this paper only with reductive coset spaces. Another important observation is that when G/H is reductive the structure constants C^b_{ia} can always be made antisymmetric in a, b by an appropriate redefinition K_a → N^b_a K_b [12, 13].

For later use we recall the expression of the G/H riemannian connection

B^a_b = 1 2 ( − r_br_c r_a C^a_{bc} + r_ar_c r_b η_{bg}C^g_{dc} η^{ad} + r_ar_b r_c η_{cg}C^g_{db} η^{ad} ) V^c − C^a_{bi} Ω^i , (3.2)

where V^c and Ω^i are the K and H vielbeins, respectively, and we have allowed for rescalings r_c of V^c in the isotropy irreducible subspaces of K, see refs. [14, 15, 16]. These subspaces correspond to the block-diagonal pieces of the matrices C^a_{bi} , so that r_a r_b C^b_{ia} = C^b_{ia} . (3.3)

The G/H Riemann curvature is defined by R^a_b ≡ dB^a_b + B^a_c ∧ B^c_b ≡ R^a_{b de}V^d ∧ V^e and reads [16]: R^a_{b de} = 1 4 r_dr_e r_c C̄^a_{bc} C^c_{de} + 1 2 r_dr_e C^a_{bi} C^i_{de} + 1 8 C̄^a_{cd} C̄^c_{be} − 1 8 C̄^a_{ce} C̄^c_{bd} (3.4)

with C̄^a_{bc} ≡ r^br^c r_a C^a_{bc} − r_ar_c r_b C^b_{ac} − r_ar_b r_c C^c_{ab} . (3.5)

Consider now the field eq. (2.6), i.e.:

B^d_{e [a}J_{bc]d} η^{ec} = 0 , (3.6)

where the connection 1-form components are defined by B^d_a ≡ B^d_{c a}V^c. One possible choice for a J_{abc} satisfying (3.6) is given by:

J_{abc} = C_{abc} ≡ C^G_{ab} γ_{cG} , G runs on the group G, γ = Killing metric . (3.7)

Indeed B^d_{e [a}C_{bc]d} η^{ec} = 0 holds for the following reason. Observe that the left hand side is an H-invariant tensor, since the connection components, the structure constants C_{abc} and the Killing metric are all H-invariant tensors. By H-invariant tensor we mean, for example, that:

δB^a_{c b} ≡ C^d_{ic} B^a_{d b} − C^a_{id} B^d_{c b} + C^d_{ib} B^a_{c d} = 0 , (3.8)

i.e. the adjoint action of H on B vanishes. It is not difficult to prove that in (3.2) the term multiplying V^c is H-invariant. In fact each of the three terms within parentheses in (3.2) is H-invariant, as one can show by using Jacobi identities and (3.3).

In general the only H-invariant tensor with two free indices is the Killing metric (except in the special case of S^2, where one has also ϵ_{ab}), and therefore B^d_{e [a}C_{bc]d} η^{ec}, being antisymmetric in its free indices, has to vanish.

In conclusion, the choice (3.7) satisfies the field eqs. (2.6). Moreover J_{ab} ≡ J_{acd}J_{bcd}, being a symmetric H-invariant tensor, must be proportional to the Killing metric in the H-isotropy subspaces.

The structure constants C_{abc} are not the most general solution to eq. (3.6). For example also Antisymm (C^c_{ab} ), i.e. the antisymmetrization of C^c_{ab} on its three indices, satisfies eq. (3.6). In fact there may exist J_{abc} tensors satisfying (3.6) even for symmetric G/H; this happens obviously for S^3 = SO(4)/ SO(3), where J_{abc} is proportional to ϵ_{abc}, or less trivially in the case G/H = S^3×C P^2 discussed in section 7.

4. Supersymmetry conditions

We adopt the following real representation of the D = 3 + 7 gamma matrices:

Γ_M = (γ_m ⊗ 1I_{8×8} ⊗ σ_2 , 1I_{2×2} ⊗ Γ_a ⊗ σ_1) , (4.1)

where the SO(1, 2) gamma matrices are:

γ_1 = ( 0 −i i 0 ) , γ_2 = ( 0 i i 0 ) , γ_3 = ( i 0 0 −i ) (4.2)

and the real SO(7) gamma matrices are given by the octonion structure constants (totally antisymmetric):

(Γ_a)_{bc} = a_{abc} , (Γ_a)_{b8} = δ_{ab} , (4.3) a_{abc} : [123] = [165] = [257] = [354] = [367] = [246] = [147] = 1 . (4.4)

The supersymmetry parameter ε has the same Weyl chirality as the gravitino ψ, i.e. Γ_{11}ε = −ε (anti-Weyl). Any anti-Weyl SO(1, 9) spinor can be decomposed as:

ε = c_N ξ^N ⊗ η^N ⊗ ( 0 1 ) , (4.5) where ξ^N and η^N are real SO(1, 2) and SO(7) spinors, respectively, and c_N ∈ C . Substituting in the λ supersymmetry condition: G_{MNR}Γ^{MNR}ε = 0 =⇒ (eϵ_{mnr}Γ^{mnr} + gJ_{abc}Γ^{abc})ε = 0 (4.6) yields:

c_N ξ^N ⊗ (6e1I + gJ_{abc}Γ^{abc})η^N = 0 , (4.7)

which can hold only if there exist SO(7) spinors satisfying: ( 1I + ρ J_{abc} √ 6J Γ^{abc} ) η = 0 , (4.8)

where we have also used (2.3).

Consider now the ψ supersymmetry condition: ( d + 1 4 B^{mn}Γ_{mn} + 1 4 B^{ab}Γ_{ab} ) ε + 1 96 V^m ( G_{abc}Γ_mΓ^{abc} − 9eϵ_{mnr}Γ^{nr} ) ε^∗ + + 1 96 V^d ( G_{abc}Γ^{abc}_d + eϵ_{mnr}Γ_dΓ^{mnr} − 9G_{dab}Γ^{ab} ) ε^∗ = 0 (4.9)

V^m and V^d are the AdS_3 and M_7 vielbeins, respectively. Substituting the Γ-matrix and ε decomposition leads to: c ( ∂_mξ + 1 4 B^{rs}_mγ_{rs}ξ ) − 1 4 ic^∗eγ_mξ = 0 , (4.10) c ( ∂_cη + 1 4 B^{ab}_cΓ_{ab}η ) − 1 8 c^∗G_{cab}Γ^{ab}η = 0 , (4.11)

where we have dropped the index N since the conditions can be satisfied only if they hold separately for every N. Moreover use of (4.8) has been necessary in order to achieve the factorization of (4.9) into (4.10) and (4.11). The modulus of c is irrelevant in (4.10) and (4.11), and we can set c = exp(iφ). Then the integrability condition for (4.10) is: [ 1 4 R^{mn}_{rs}γ_{mn} − ( 1 4 )_2 exp(−4iφ)e^2γ_{rs} ] ξ = 0 . (4.12)

The field equations (2.4) tell us that the AdS_3 curvature is: R^{mn}_{rs} = 1 4 |e|^2δ^{mn}_{rs} (4.13)

so that the integrability condition can be satisfied if and only if the phase of c is such that:

|e|^2 = e^2 exp(−4iφ) =⇒ e = α|e| exp(2iφ) , α = ±1 (4.14) cf. ref. [17]. Using this relation and (2.3) into (4.11) yields finally: ∂_mξ + 1 4 B^{rs}_mγ_{rs}ξ − 1 4 iα|e|γ_mξ = 0 , (4.15) ∂_cη + 1 4 B^{ab}_cΓ_{ab}η − √ 6 8 αρ|e| J_{cab} J Γ^{ab}η = 0 . (4.16)

The integrability condition for (4.16) reads: ( R^{ab}_{cd} + 3 2 |e|^2 J_{cae}J_{dbe} J^2 ) Γ_{ab}η = 0 . (4.17)

The AdS_3 × M_7 solution preserves N supersymmetries if and only if there exist N independent SO(7) spinors η satisfying simultaneously eqs. (4.8) and (4.16).

In next Section we test our formulae in the case of the two known supersymmetric solutions, corresponding to G/H = S^3 × T^4 and G/H = S^3 × S^3 × S^1.

5. The supersymmetric solutions AdS_3 × S^3 × T^4 and AdS_3 × S^3 × S^3 × S^1

We’ll treat the two solutions simultaneously. The J_{abc} tensors are simply the ϵ_{abc} Levi-Civita tensors in the S^3 directions, so that Einstein field equations (2.5) are respectively: R_{ab} = 1 4 |e|^2δ_{ab} , a, b = 1, 2, 3 , R_{ab} = 0 , a, b = 4, 5, 6, 7 (5.1) and R_{ab} = 1 8 |e|^2δ_{ab} , a, b = 1, 2, . . . 6 , R_{ab} = 0 , a, b = 7 (5.2)

fixing the radii of the S^3 spheres.

In the real gamma matrix representation of section 4, the δλ = 0 supersymmetry condition is satisfied by any linear combination of the four independent spinors η_1, η_2, η_3, η_8, the 8-dimensional spinor η_a having the a-th component as only nonvanishing component. This holds for both solutions. On the other hand, the δψ = 0 supersymmetry condition is satisfied by 8 independent real spinors η^±_1 , η^±_2 , η^±_3 , η^±_8 , the^± referring to the sign α of (4.16). These spinors depend on the M_7 coordinates. Again this holds for both solutions. The two compactifications have then N = 8 supersymmetries, or 16 real conserved supercharges (since ξ has two real components).

6. Other AdS_3 × G/H solutions

A complete classification of all AdS_3 × G/H solutions based on the Ansatz (2.1) is postponed to a later publication. This requires to find the most general J_{abc} that solves eq. (3.6) for each 7-dimensional G/H.

Here we give some selected examples, choosing some particular J tensors. In fact, all the 7-dimensional G/H cosets classified in [18] are solutions of the IIB field equations, after suitable rescalings of the coset vielbeins. But the G/H list of IIB solutions is actually larger than the one relevant for D = 11 supergravity compactified on AdS_4 × G/H. Indeed in the IIB case the field equations do not force G/H to be an Einstein space, but rather to be “isotropy Einstein”, i.e. with a Ricci tensor R_{ab} proportional to δ_{ab} in each isotropy irreducible subspace of G/H. The proportionality constant can also vanish: when this happens in one-dimensional subspaces S^1 factors are allowed (they were excluded in the list of [18]). 6.1 AdS_3 × M^{pqr} The M^{pqr} spaces have been studied in detail in refs. [19, 15, 22]. They have three isotropy irreducible subspaces, allowing three independent rescalings a, b, c of the vielbeins corresponding to the (1,2), 3, (4,5,6,7) directions and preserving the SU(3)× SU(2) × U(1) isometry. Their Ricci tensor is given by [19]: R_{mn} = 1 4 b^2 ( 2 − b^2 c^2 q^2 ) δ_{mn} , m, n = 1, 2 , R_{33} =

9a^4p^2 + 2b^4q^2 8c^2 , R_{AB} = 3 16 a^2 ( 4 − 3 a^2 c^2 p^2 ) δ_{AB} , A, B = 4, 5, 6, 7 . (6.1)

For q ≠ 0, p ≠ 0 we can redefine: a = q p γ √ 2α 3 , b = γ √ 2β , c = qγ (6.2)

so that the Ricci tensor becomes: R_{mn} = γ^2β(1 − β)δ_{mn} , m, n = 1, 2 , R_{33} = γ^2 ( β^2 + 1 2 q^2 p^2 α^2 ) , R_{AB} = 1 2 γ^2α ( 1 − 1 2 α ) q^2 p^2 δ_{AB} . (6.3)

An explicit check reveals that taking J_{abc} to be the Levi-Civita tensor in the directions 1,2,3 (as in the case of the S^3 × T^4 solution) and otherwise zero satisfies the condition (3.6). Then the field equations are as in (5.1), and are satisfied by the Ricci tensor in (6.3) when the rescalings are:

α = 2 , β = 1 ± √ 1 − 16^{q2}_{p2} 4 , γ = 1 4β(1 − β) |e|^2 (6.4)

requiring p/q ≥ 4. The particular case q = 0, corresponding to S^2 × S^5, is also a solution: the rescalings are then:

a^2 = 1 6 |e|^2 , b^2 = 1 2 |e|^2 , c^2 = 1 8 p^2|e|^2 . (6.5)

The δλ supersymmetry condition is satisfied by the same spinors η_1, η_2, η_3, η_8 discussed in the previous Section. However these spinors do not satisfy the δψ condition, and therefore these solutions are not supersymmetric.

There are other possible choices for J_{abc}. For example J_{abc} = Antisymm(C^c_{ab} ) leads to field equations that can still be solved by a set of different rescalings α, β, γ. In this case the four directions 4,5,6,7 are not Ricci flat.

6.2 AdS_3 × N^{010} The N^{010} coset spaces are a special case in the class of N^{pqr} coset spaces studied in refs. [20, 21, 16, 23] in the context of D = 11 supergravity compactifications. They can be realized as the quotient:

N^{010} =

SU(3) × SU(2) SU(2) × U(1)

, (6.6)

where the SU(2) in the denominator is diagonally embedded in G = SU(3) × SU(2). In this formulation the full isometry of N^{010} comes from the left action of G [20, 16]. The N^{010} geometry has been studied in detail in [16], and the Ricci tensor is given by: R_{ab} = ( α^2 + 1 32 β^4 α^2 ) δ_{ab} , (6.7) R_{AB} = 3 4 β^2 ( 1 − 1 16 β^2 α^2 ) δ_{AB} . (6.8)

Again one can check explicitly that the same J_{abc} = ϵ_{abc}, a, b, c = 1, 2, 3 used in the previous solutions satisfies the field equations (3.6). Then AdS_3 × N^{010} is a solution provided the rescalings are fixed to the values: α = ± 1 6 |e| , β = ± 2 3 |e| . (6.9) As in the previous case supersymmetry is absent because (4.16) has no solutions.

In a similar way we easily find that for every 7-dimensional coset space G/H of the classification [18] there exist a set of constants J_{abc} such that AdS_3 × G/H is a solution for IIB supergravity, with the exception of the round 7-sphere SO(8)/ SO(7). Also, every G/H × S^1 space with G/H = non-symmetric 6-dimensional coset is a solution of the IIB equations for appropriate rescalings and J_{abc} = C_{abc}.

What remains to be done is to determine in each case the most general J_{abc}, and check whether there are instances in which both supersymmetry conditions can be satisfied simultaneously, yielding supersymmetric solutions as in section 5.

We expect that, in order to make contact with the d = 2 superconformal theories discussed in [8], we need to extend our Ansatz to a non-constant scalar field.

7. Asymptotic supersymmetry: S^3 × (C P^2 → T^4 )

We study here a particular class of solutions, characterized by a continuous parameter σ. Consider the cosets G/H = M^{010}, a special case of the M^{pqr} class with S^3 × C P^2 topology [19]. In general a rescaling of the G structure constants given by: C^{G3}_{G1G2} −→ r_{G1} r_{G2} r_{G3} C^{G3}_{G1G2} (7.1)

still defines a Lie algebra. Take all r = 1 except those in the 4, 5, 6, 7 coset directions, for which r = σ. Then the Ricci tensor becomes: R_{mn} = 1 4 b^2 ( 2 − b^2 c^2 ) δ_{mn} , m, n = 1, 2 , R_{33} = b^4 4c^2 , R_{AB} = 3 4 a^2σ^2δ_{AB} , A, B = 4, 5, 6, 7 . (7.2)

The limit σ → 0 corresponds to a group contraction yielding S^3 × T^4 : in fact it amounts to sending the radius of C P^2 to infinity. For any σ, i.e. for any C P^2-radius, AdS_3 × S^3 × C P^2 is a solution of the IIB equations if we choose the J_{abc} tensor to be:

J_{123} = 1 , J_{345} = J_{367} = σ (7.3)

and the rescalings:

a^2 = |e|^2 3(1 + 2σ^2) , b^2 = ±c|e| , c = σ^2 + 1 2σ^2 + 1 |e| . (7.4) One can see easily that the δλ supersymmetry condition is satisfied by just one of these solutions, corresponding to σ = 0, i.e. the N = 8 supersymmetric AdS_3×S^3×T^4 compactification. All the other values of σ break supersymmetry. Thus we obtain a class of continuously connected solutions, parametrized by σ, all of them non supersymmetric except in the limit σ = 0. For σ ≠ 0, S^3 is a squashed three-sphere, cf. eqs. (7.2).

Acknowledgments

It is a pleasure to acknowledge useful discussions with Pietro Fré and Igor Pesando.

Work supported in part by EEC under TMR contract ERBFMRX-CT96-0045

References

[1] J. Maldacena, The large-N limit of superconformal field theories and supergravity, Adv. Theor. Math. Phys. 2 (1998) 231 [hep-th/9711200];

S.S. Gubser, I.R. Klebanov and A.M. Polyakov, Gauge theory correlators from noncritical string theory, Phys. Lett. B 428 (1998) 105 [hep-th/9802109]; E. Witten, Anti-de Sitter space and holography, Adv. Theor. Math. Phys. 2 (1988) 253 [hep-th/9802150];

O. Aharony, S.S. Gubser, J. Maldacena, H. Ooguri and Y. Oz, Large-N field theories, string theory and gravity, Phys. Rep. 323 (2000) 183 [hep-th/9905111].

[2] L.J. Romans, New compactifications of chiral N = 2 D = 10 supergravity, Phys. Lett.

B 153 (1985) 392.

[3] K. Pilch and N.P. Warner, A new supersymmetric compactification of chiral IIB supergravity, hep-th/0002192.

[4] K. Pilch and N.P. Warner, N = 2 supersymmetric RG flows and the IIB dilaton,

hep-th/0004063.

[5] S. Ferrara, C. Fronsdal and A. Zaffaroni, On N = 8 supergravity on AdS_5 and N = 4 superconformal Yang-Mills theory, Nucl. Phys. B 532 (1998) 153 [hep-th/9802203]; A. Ceresole, G. Dall’Agata, R. D’Auria and S. Ferrara, Spectrum of type-IIB supergravity on AdS_5 ×T^{11}: predictions on N = 1 SCFT’s, Phys. Rev. D 61 (2000) 066001 [hep-th/9905226].

[6] A. Giveon, D. Kutasov and N. Seiberg, Comments on string theory on AdS_3, Adv.

Theor. Math. Phys. 2 (1998) 733 [hep-th/9806194];

S. Elitzur, O. Feinerman, A. Giveon and D. Tsabar, String theory on AdS_3 × S_3 × S_3 × S_1, Phys. Lett. B 449 (1999) 180 [hep-th/9811245];

J. de Boer, A. Pasquinucci and K. Skenderis, AdS/CFT dualities involving large 2d N = 4 superconformal symmetry, hep-th/9904073.

[7] H.J. Boonstra, B. Peeters and K. Skenderis, Duality and asymptotic geometries, Phys.

Lett. B 411 (1997) 59 [hep-th/9706192];

H.J. Boonstra, B. Peeters and K. Skenderis, Brane intersections, anti-de sitter spacetimes and dual superconformal theories, Nucl. Phys. B 533 (1998) 127 [hep-th/9803231];

H.J. Boonstra, K. Skenderis and P.K. Townsend, The domain wall/QFT correspondence, J. High Energy Phys. 01 (1999) 003 [hep-th/9807137].

[8] A. Giveon and M. Rocek, Supersymmetric string vacua on AdS_3 × N, J. High Energy Phys. 04 (1999) 019 [hep-th/9904024];

D. Berenstein and R.G. Leigh, Spacetime supersymmetry in AdS_3 backgrounds, Phys. Lett. B 458 (1999) 297 [hep-th/9904040];

R. Argurio, A. Giveon and A. Shomer, Superstring theory on AdS_3 × G/H and boundary N = 3 superconformal symmetry, J. High Energy Phys. 04 (2000) 010 [hep-th/0002104].

[9] J.H. Schwarz, Covariant field equations of chiral N = 2 D = 10 supergravity, Nucl.

Phys. B 226 (1983) 269.

[10] P.S. Howe and P.C. West, The complete N = 2, D = 10 supergravity, Nucl. Phys. B 238 (1984) 181.

[11] L. Castellani and I. Pesando, The complete superspace action of chiral D = 10, N = 2 supergravity, Int. J. Mod. Phys. A 8 (1993) 1125.

[12] P. van Nieuwenhuizen, General theory of coset manifolds and antisymmetric tensors applied to Kaluza-Klein supergravity, in Proceedings of the Trieste Spring School 1984, B. de Wit, P. Fayet and P. van Nieuwenhuizen eds., World Scientific 1984.

[13] P. van Nieuwenhuizen, An introduction to simple supergravity and the Kaluza-Klein program, B.S. DeWitt and R. Stora eds., Les Houches, Session XL, Elsevier 1984.

[14] L. Castellani, L.J. Romans and N.P. Warner, Symmetries of coset spaces and Kaluza- Klein supergravity, Ann. Phys. (NY) 157 (1984) 394.

[15] L. Castellani, R. D’ Auria and P. Fré, Supergravity and superstrings: a geometric perspective, World Scientific, Vols. 1,2,3, Singapore 1991.

[16] L. Castellani, On G/H geometry and its use in M-theory compactifications,

hep-th/9912277 to appear on Ann. Phys.

[17] I. Pesando, The GS type-IIB superstring action on AdS_3 × S_3 × T^4, J. High Energy Phys. 02 (1999) 007 [hep-th/9809145].

[18] L. Castellani, L.J. Romans and N.P. Warner, A classification of compactifying solutions for D = 11 supergravity, Nucl. Phys. B 241 (1984) 429.

[19] L. Castellani, R. D’Auria and P. Fré, SU(3) × SU(2) × U(1) from D = 11 supergravity, Nucl. Phys. B 239 (1984) 610.

[20] L. Castellani and L.J. Romans, N = 3 and N = 1 supersymmetry in a new class of solutions for D = 11 supergravity, Nucl. Phys. B 238 (1984) 683.

[21] L. Castellani, The mass spectrum in the SU(3) × U(1) compactifications of D=11 supergravity, Nucl. Phys. B 254 (1985) 266.

[22] D. Fabbri, P. Fré, L. Gualtieri and P. Termonia, M-theory on AdS_4 × M^{111}: the complete OSp(2|4) × SU(3) × SU(2) spectrum from harmonic analysis, Nucl. Phys. B 560 (1999) 617 [hep-th/9903036].

[23] P. Fré, L. Gualtieri and P. Termonia, The structure of N = 3 multiplets in AdS_4 and the complete OSp(3|4) × SU(3) spectrum of M-theory on AdS_4 × N^{0,1,0}, Phys. Lett. B 471 (1999) 27 [hep-th/9909188].