arXiv:hep-th/0204002 v1 30 Mar 2002

March 29, 2002 KEK-TH-814 TOHO-CP-0271 hep-th/0204002

Super-PP-wave Algebra from Super-AdS×S Algebras in Eleven-dimensions

Machiko Hatsuda, Kiyoshi Kamimura^† and Makoto Sakaguchi

Theory Division, High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki, 305-0801, Japan † Department of Physics, Toho University, Funabashi, 274-8510, Japan

E-mails: mhatsuda@post.kek.jp, kamimura@ph.sci.toho-u.ac.jp, Makoto.Sakaguchi@kek.jp

Abstract

Maximally supersymmetric spacetime algebras in eleven-dimensions, which are the isometry superalgebras of Minkowski space, AdS_7 × S^4, AdS_4 × S^7 and pp-wave background, are related by Inönü-Wigner contractions. The super-AdS_{4(7)} × S^{7(4)} algebras allow to introduce two contraction parameters, the one for the flat limit to the super-Poincaré algebra and the other for a Penrose limit to the super-pp-wave algebra. Under these contractions supersymmetries are maintained because the Jacobi identity of three supercharges holds for any values of contraction parameters.

PACS: 11.30.Pb;11.17.+y;11.25.-w Keywords: Superalgebra; Anti-de Sitter; group contraction

1 Introduction

Recently, maximally supersymmetric pp-wave (plane-fronted gravitational wave with parallel rays) backgrounds of supergravity theories in eleven- and ten-dimensions have attracted great interests. In [1], maximally supersymmetric backgrounds in eleven-dimensions were classified into four types; flat Minkowski space (and their toroidal compactifications), AdS_4 ×S^7, AdS_7 ×S^4 and the super-pp-wave background. This super-pp-wave background in eleven-dimensions was reconsidered recently in [2]. For the type-IIB supergravity, a super-pp-wave background was discovered in [3].^1 The type-IIB superstrings in this background were shown to be exactly solvable [6] in spite of the presence of the RR five-form field strength. This model is expected to provide some hints for the study of superstrings on more general backgrounds [7][8][9].

The Penrose limit plays a central role in these recent studies of the pp-wave backgrounds. It was known that any solution of Einstein gravity admits plane-wave backgrounds in the Penrose limit [10]. This was extended to the solutions of supergravities in [11] and was studied in the context of the Wess-Zumino-Witten models in [12]. It was shown that the super-pp-wave background can be derived by the Penrose limit from the super-AdS×S backgrounds in [13] [14] and this was investigated further in [15]. In addition, the full supersymmetry algebra of the super-pp-wave background of the type- IIB theory was shown to be derived by an Inönü-Wigner (IW) contraction [16] from the super-AdS_5 × S^5 algebra of SU(2,2|4) in [17]. The Penrose limit was recognized to be important to explore the AdS/CFT correspondence [18] beyond massless string modes in [19]. This line was pursued further in [20].

In this paper, we consider the Penrose limit from an algebraic point of view, which is coordinate-independent and manifestly supersymmetric. We show that the isometry superalgebra of the super-pp-wave background in eleven-dimensions is obtained from the super-AdS_{4(7)} × S^{7(4)} algebras by IW contractions. The supersymmetries are maintained during contractions because the Jacobi identity of three supercharges holds for any values of contraction parameters. In section 2, the pp-wave algebra is derived from the AdS_{4(7)} × S^{7(4)} algebras. This is extended to the maximally supersymmetric case in section 3. The last section is devoted to a summary and discussions.

2 PP-wave Algebra from AdS_{4(7)} × S^{7(4)} Algebras

The AdS_{p+2} × S^{9−p} algebra, which is the isometry algebra of the AdS_{p+2} × S^{9−p} space, is given, in terms of dimensionless momenta P ’s and rotations J’s, as

[P_a, P_b] = 4ϵ^2J_{ab}, [P_a′ , P_b′ ] = −ϵ^2J_a′_b′ , [J_{ab}, P_c] = 2η_{bc}P_a, [J_a′_b′ , P_c′ ] = 2η_b′_c′ P_a′ , (2.1) [J_{ab}, J_{cd}] = 4η_{ad}J_{bc}, [J_a′_b′ , J_c′_d′ ] = 4η_a′_d′ J_b′_c′ , 1 For other dimensions see [4] and [5].

where ϵ^2 = 1 for p = 2 and ϵ^2 = −1 for p = 5. It is understood that the obvious antisymmetries of indices in the left hand side of equalities in (2.1) are to be implemented on the right hand side with unit weight. For p = 2, this algebra is the AdS_4 ×S^7 algebra with the vector index of AdS_4, a = 0, 1, 2, 3, and that of S^7, a^′ = 4, ..., 9, ♮. On the other hand, for p = 5, this algebra is the AdS_7 × S^4 algebra with the vector index of S^4, a = ♮, 1, 2, 3, and that of AdS_7, a^′ = 4, ..., 9, 0. We use the metric η_{μν} with η_{00} = −1 otherwise +1.

The symmetry group is SO(p + 1, 2)×SO(10 − p) which has a flat limit to ISO(p + 1, 1)×ISO(9 − p) by the following IW contraction

1. Rescale the translation generators P ’s as P_a → RP_a, P_a′ → R^′P_a′ . (2.2) where R/2 and R^′ are the radii of the AdS_4(S^4) and that of S^7(AdS_7), respectively.

2. Then take R → ∞ and R^′ → ∞.

In this limit, P ’s become the linear momenta and J’s are the Lorentz generators. For the maximal spacetime supersymmetry, R and R^′ must satisfy

R = R^′, R^2 = 2ρR^2_S = 2 ρ R^2_{AdS} , ρ = { 1/2 for p = 2 2 for p = 5

(2.3)

where R_S and R_{AdS} are the radii of S^{9−p} and that of AdS_{p+2}, respectively.

Besides the flat limit, as any other metrics, the AdS×S metric allows the Penrose limit [10] giving a plane wave metric. The Penrose limit can be understood as an IW contraction of the AdS_{p+2} × S^{9−p} algebra into the pp-wave algebra.

1. Define the light cone components of the momenta P ’s and boost generators P^∗’s as P_± ≡ 1 √ 2 (P_♮ ± P_0), P_m = (P_i, P_i′ ),

P^∗_m = { (P^∗_i = J_{i0}, P^∗_i′ = J_i′_♮) for p = 2 (P^∗_i = J_{i♮}, P^∗_i′ = J_i′_0) for p = 5

(2.4)

where i = 1, 2, 3, i^′ = 4, ..., 9, and m = (i, i^′).

2. Suppose the plane-wave propagates along x_+ time direction. The transverse translation and boost generators are rescaled with a dimensionless parameter Ω as

P_+ → 1 Ω^2

P_+ , P_m → 1 Ω P_m , P^∗_m → 1 Ω P^∗_m. (2.5)

3. Then take Ω → 0 limit.

To see them explicitly the AdS_{p+2} × S^{9−p} algebra (2.1) is rescaled, following to (2.2) and (2.5), as

[P_i, P_+] = 2 √ 2 ϵ^2Ω^2 R^2

P^∗_i , [P_i′ , P_+] = − ϵ^2Ω^2 √ 2R^2 P^∗_i , [P^∗_i , P_+] = − 1 √ 2 ϵ^2Ω^2P_i, [P^∗_i′ , P_+] = 1 √ 2 ϵ^2Ω^2P_i′ ,

[P_i, P_−] = −2 √ 2 1 R^2

P^∗_i , [P_i′ , P_−] = − 1 √ 2R^2 P^∗_i′ , [P^∗_i , P_−] = 1 √ 2 P_i, [P^∗_i′ , P_−] = 1 √ 2 P_i′ , [P^∗_i , P_j ] = 1 √ 2 η_{ij} (ϵ^2Ω^2P_− − P_+), [P^∗_i′ , P_j′ ] = − 1 √ 2 η_i′_j′ (ϵ^2Ω^2P_− + P_+),

[P_i, P_j ] = 4 ϵ^2Ω^2 R^2 J_{ij} , [P_i′ , P_j′ ] = − ϵ^2Ω^2 R^2 J_i′_j′ , [P^∗_i , P^∗_j ] = ϵ^2Ω^2J_{ij} , [P^∗_i′ , P^∗_j′ ] = −ϵ^2Ω^2J_i′_j′ , [J_{ij} , P_k ] = 2η_{jk} P_i, [J_i′_j′ , P_k′ ] = 2η_j′_k′ P_i′ , [J_{ij} , P^∗_k ] = 2η_{jk}P^∗_i , [J_i′_j′ , P^∗_k′ ] = 2η_j′_k′ P^∗_i′ , [J_{ij} , J_{kl}] = 4η_{il}J_{jk}, [J_i′_j′ , J_k′_l′ ] = 4η_i′_l′ J_j′_k′ , (2.6)

where we used relation R = R^′ of (2.3) for simplicity. By taking Ω → 0 limit, the ϵ dependence, which distinguishes the p = 2 case from the p = 5 case, disappears and (2.6) becomes the unique plane wave algebra in eleven-dimensions,

[P_i, P_−] = −2 √ 2 1 R^2

P^∗_i , [P_i′ , P_−] = − 1 √ 2R^2 P^∗_i′ , [P^∗_m, P_−] = 1 √ 2 P_m, [P^∗_m, P_n] = − 1 √ 2 η_{mn}P_+, [J_{mn}, P_p] = 2η_{np}P_m, [J_{mn}, P^∗_p ] = 2η_{np}P^∗_m, [J_{mn}, J_{pq}] = 4η_{mq}J_{np}. (2.7)

This is the symmetry algebra of the pp-wave metric [21]. The Poincaré algebra of ISO(10, 1) group is obtained by taking flat limit R → 0 in (2.7) and by making manifest restored symmetry generators such as J_{ij}′ , J_{±i}, etc.

3 Super-PP-wave algebra from Super-AdS_{4(7)} × S^{7(4)} Algebras

We extend the previous analysis to the supersymmetric case and show the maximally supersymmetric eleven-dimensional pp-wave algebra [2] is obtained by IW contractions of the super-AdS_{p+2} × S^{9−p} algebras. In this case the Jacobi identities of the superalgebra give a restriction on the radii of AdS and S, R_{AdS} and R_S , as R_{AdS} =^1_2 R_S for p = 2 and R_{AdS} = 2R_S for p = 5, as in (2.3). In eleven-dimensions, the supersymmetry generators Q_α are 32 Majorana spinors. The gamma matrices Γ^μ, (μ = 0, 1, .., 9, ♮), in elevendimensions are composed in terms of those of AdS_4, γ^a, (a = 0, 1, 2, 3), and of S^7, γ^{a′} , (a^′ = 4, 5, .., 9, ♮), or in terms of those of S^4, γ^a, (a = ♮, 1, 2, 3), and of AdS_7, γ^{a′} , (a^′ = 4, 5, .., 9, 0), as^2

Γ^a = γ^a ⊗ 11, Γ^{a′} = γ_5 ⊗ γ^{a′} , γ_5 = { iγ^{0123} for p = 2 γ^{♮123} for p = 5 . (3.1)

They satisfy {Γ^μ, Γ^ν } = 2η^{μν} . The charge conjugation matrix C in eleven-dimensions is taken as

C = C ⊗ C^′ (3.2)

where C and C^′ are the charge conjugation matrices for AdS_4 (S^4) and S^7 (AdS_7) spinors respectively.

The bosonic part of the super-AdS_{p+2} × S^{9−p} algebra is (2.1). In addition to it, the odd generators Q_α satisfy [P_a, Q] = iϵQγ_5γ_a ⊗ 11, [P_a′ , Q] = i 2 ϵQ11 ⊗ γ_a′ , [J_{ab}, Q] = 1 2 Qγ_{ab} ⊗ 11, [J_a′_b′ , Q] = 1 2 Q11 ⊗ γ_a′_b′ ,

{Q, Q} = −2Cγ^a ⊗ C^′P_a − 2Cγ_5 ⊗ C^′γ^{a′} P_a′ −2iϵCγ_5γ^{ab} ⊗ C^′J_{ab} + iϵCγ_5 ⊗ C^′γ^{a′b′} J_a′_b′ . (3.3) The Jacobi identities are satisfied as long as ϵ^2 = 1 for p = 2 and ϵ^2 = −1 for p = 5. Hereafter, we choose ϵ = 1 for p = 2 and ϵ = −i for p = 5, for presentation.

For the present purpose, we rewrite this superalgebra in terms of eleven-dimensional covariant gamma matrices, Γ’s, instead of γ’s. It is convenient to introduce following matrix

I = Γ^{123}, Γ^{♯123} = Γ^♯I = −iϵγ_5 ⊗ 11, Γ^♯ = { Γ^0 for p = 2 −Γ^♮ for p = 5

. (3.4)

2 For the gamma-matrices in four-dimensions, we use a Majorana representation for AdS_4 (a = 0, 1, 2, 3) and a pseudo-symplectic representation for S^4 (a = ♮, 1, 2, 3) which satisfy, in both cases, C̃ = −C, γ̃^a = −Cγ^aC^{−1}, {γ^a, γ^b} = 2η^{ab} and Cγ^{a1···aN} is symmetric iff N = 1, 2 mod 4. For the gamma-matrices in seven-dimensions, we use a pseudo-Majorana representation for S^7 (a^′ = 4, 5, ..., 9, ♮) and a symplectic Majorana representation for AdS_7 (a^′ = 4, 5, ..., 9, 0) which satisfy, in both cases, C̃^′ = +C^′, γ̃^{a′} = −C^′γ^{a′} C^{′−1}, {γ^{a′} , γ^{b′} } = 2η^{a′ b′} and C^′γ^{a′1 ···a′N} is symmetric iff N = 0, 3 mod 4.

The commutation relations (3.3) for the super-AdS_{p+2} × S^{9−p} algebra are rewritten as [P_a, Q] = −QΓ^♯IΓ_a, [P_a′ , Q] = − 1 2 QΓ^♯IΓ_a′ , [J_{mn}, Q] = 1 2 QΓ_{mn} {Q, Q} = −2CΓ^μP_μ + 2CΓ^♯IΓ^{ab}J_{ab} − CΓ^♯IΓ^{a′b′} J_a′_b′ . (3.5) Associating with the rescaling of P ’s by R as in (2.2) with (2.3), the dimensionless supercharges Q_α are rescaled as P_a → RP_a , P_a′ → RP_a′ , Q_α → √ R Q_α. (3.6) Corresponding to the rescaling of bosonic generators (2.5), the components of the supercharges must be rescaled with proper weights. To do this, we decompose supercharges Q as Q = Q_+ + Q_−, Q_± = Q_±P_±, (3.7) using the light cone projection operators

P_± = 1 2 Γ_±Γ_∓, Γ_± ≡ 1 √ 2 (Γ_♮ ± Γ_0). (3.8)

In order to obtain the well defined limit of the super-AdS_{p+2} × S^{9−p} algebra, the supercharges turn out to be rescaled as

Q_+ → 1 Ω Q_+ , Q_− → Q_−. (3.9)

The super-AdS_{p+2} × S^{9−p} algebra (3.5), after the rescaling (3.6) by R and (2.5) and (3.9) by Ω, becomes

[P_+, Q_+] =

Ω^2ϵ^2 2 √ 2R Q_+I, [P_−, Q_+] = − 3 2 √ 2R Q_+I, [P_i, Q_−] = 1 √ 2R Q_+Γ^−IΓ_i, [P_i′ , Q_−] = 1 2 √ 2R Q_+Γ^−IΓ_i′ ,

[P^∗_m, Q_−] = 1 2 √ 2 Q_+Γ_mΓ^−, [J_{mn}, Q_±] = 1 2 Q_±Γ_{mn} [P_+, Q_−] =

3Ω^2ϵ^2 2 √ 2R Q_−I, [P_−, Q_−] = − 1 2 √ 2R Q_−I, [P_i, Q_+] = −

Ω^2ϵ^2 √ 2R Q_−Γ^+IΓ_i, [P_i′ , Q_+] = −

Ω^2ϵ^2 2 √ 2R Q_−Γ^+IΓ_i′ ,

[P^∗_i , Q_+] = −

Ω^2ϵ^2 2 √ 2 Q_−Γ_iΓ^+, [P^∗_i′ , Q_+] =

Ω^2ϵ^2 2 √ 2 Q_−Γ_i′ Γ^+,

{Q_+, Q_+} = −2CΓ^+P_+ + √ 2Ω^2ϵ^2 R CΓ^+IΓ^{ij} J_{ij} −

Ω^2ϵ^2 √ 2R CΓ^+ IΓ^{i′j′} J_i′_j′ , {Q_−, Q_−} = −2CΓ^−P_− − √ 2 R CΓ^−IΓ^{ij} J_{ij} + 1 √ 2R CΓ^−IΓ^{i′j′} J_i′_j′ , {Q_+, Q_−} = ( −2CΓ^mP_m − 4 R CIΓ^iP^∗_i − 2 R CIΓ^{i′} P^∗_i′ ) P_−. (3.10)

It is important that negative power terms of Ω disappear owing to the presence of the light cone projections. Therefore we can take the consistent Penrose limit Ω → 0 of the algebra to obtain

[P_−, Q_+] = − 3 2 √ 2R Q_+I, [P_−, Q_−] = − 1 2 √ 2R Q_−I, [P_i, Q_−] = 1 √ 2R Q_+Γ^−IΓ_i, [P_i′ , Q_−] = 1 2 √ 2R Q_+Γ^−IΓ_i′ ,

[P^∗_m, Q_−] = 1 2 √ 2 Q_+Γ_mΓ^−, [J_{mn}, Q_±] = 1 2 Q_±Γ_{mn},

{Q_+, Q_+} = −2CΓ^+ P_+ {Q_−, Q_−} = −2CΓ^− P_− − √ 2 R CΓ^−IΓ^{ij} J_{ij} + 1 √ 2R CΓ^−IΓ^{i′j′} J_i′_j′ , {Q_+, Q_−} = ( −2CΓ^mP_m − 4 R CIΓ^iP^∗_i − 2 R CIΓ^{i′} P^∗_i′ ) P_−. (3.11)

After the Penrose limit, all ϵ dependence have disappeared. This reflects the fact that the super-AdS_4 × S^7 background and the super-AdS_7 × S^4 background reduce into the unique super-pp-wave background in the Penrose limit. In this way, we have obtained the super-pp-wave algebra from the super-AdS_4 × S^7 algebra and the super-AdS_7 × S^4 algebra.

Furthermore the flat limit to super-Poincaré algebra can be taken by R → ∞ in (2.7) and (3.11), and by making manifest restored (bosonic) symmetry generators as was mentioned in the last section.

We have established relations of the maximally supersymmetric spacetime algebras in eleven-dimensions; super-Poincaré, super-AdS_4 ×S^7, super-AdS_7 ×S^4 and super-pp-wave, by IW contractions of superalgebras.

4 Summary and Discussions

We derived the super-pp-wave algebra form the super-AdS_{4(7)} × S^{7(4)} algebras in elevendimensions by IW contractions which correspond to the Penrose limits of the super- AdS_{4(7)} × S^{7(4)} backgrounds. The differences between the super-AdS_4 × S^7 algebra and the super-AdS_7 ×S^4 algebra, which are essentially caused from interchanging 0-component and ♮-component, are shown to disappear after the contraction resulting to the unique super-pp-wave algebra in eleven-dimensions. A solution of plane wave is a function of x_+ = t + x_♮ and it is invariant under interchanging t and x_♮. The Penrose limit brings to such a plane wave space. This naturally explains why the maximally supersymmetric pp-wave algebra is unique in spite of the presence of two distinct super-AdS algebras in eleven-dimensions. This property will be deeply related to the T-duality discussed in [11]. Supersymmetries are maintained during contractions because the Jacobi identities hold for any values of contraction parameters, R and Ω, and even for their limits R → ∞ and Ω → 0.

It is noted that one can relate the super-pp-algebra, (2.7) and (3.11), to the one obtained in [2]. To do this, we rewrite generators as

P_± → 3 √ 2e_±, P_m → 3 √ 2e_m, P^∗_i → 9 √ 2 2μ^2 e^∗_i , P^∗_i′ → 18 √ 2 μ^2 e^∗_i′ , Q_± → √ 6 √ 2Q_± (4.12)

where μ = 1/R. Under this, the super-pp-wave algebra (2.7) and (3.11) turns out to be

[e_m, e_−] = −e^∗_m, [e^∗_i , e_−] = μ^2 9 e_i, [e^∗_i′ , e_−] = μ^2 36 e_i′ , [e^∗_i , e_j] = − μ^2 9 η_{ij} e_+, [e^∗_i′ , e_j′ ] = − μ^2 36 η_i′_j′ e_+, [J_{mn}, e_p] = 2η_{np}e_m, [J_{mn}, e^∗_p] = 2η_{np}e^∗_m, [J_{mn}, J_{pq}] = 4η_{np}J_{mq}, [e_−, Q_+] = − μ 4 Q_+I, , [e_−, Q_−] = − μ 12 Q_−I, [e_i, Q_−] = μ 6 Q_+Γ^−IΓ_i,

[e_i′ , Q_−] = μ 12 Q_+Γ^−IΓ_i′ , [e^∗_i , Q_−] = μ^2 18 Q_+Γ_iΓ^−, [e^∗_i′ , Q_−] = μ^2 72 Q_+Γ_i′ Γ^−, {Q_+, Q_+} = −CΓ^+e_+, {Q_−, Q_−} = −CΓ^−e_− − μ 6 CΓ^−IΓ^{ij} J_{ij} + μ 12 CΓ^−IΓ^{i′j′} J_i′_j′ , {Q_+, Q_−} = −CΓ^me_m − 3 μ CIΓ^ie^∗_i − 6 μ CIΓ^{i′} e^∗_i′ . (4.13)

and is the superalgebra in [2]^3. Our presentation reveals the way to take the flat limit while the flat limit μ → 0 is not obvious in the form of (4.13).

The relation between the super-pp wave algebra and the AdS_{4(7)} × S^{7(4)} algebra is useful for constructing mechanical actions of M-branes in the super-pp wave background. Any form field in the former can be derived from the corresponding form in the latter. This approach will make the (super)symmetry of the pp-wave systems manifest.

References

[1] J. Kowalski-Glikman, “Vacuum states in supersymmetric Kaluza-Klein theory,” Phys. Lett.

B 134 (1984) 194; P. T. Chrusciel and J. Kowalski-Glikman, “The Isometry Group And Killing Spinors For The P P Wave Space-Time In D = 11 Supergravity,” Phys. Lett. B 149 (1984) 107.

[2] J. Figueroa-O’Farrill and G. Papadopoulos, “Homogeneous fluxes, branes and a maximally supersymmetric solution of M-theory”, JHEP 0108 (2001) 036, hep-th/0105308.

3 In the algebra given in [2], Q_+ and Q_− are exchanged in the commutation relations of [e^∗_m, Q_−] and [e_m, Q_−]. It apparently breaks the Ω-grading property which played the central role in the Penrose limit as explained in this paper.

[3] M. Blau, J. Figueroa-O’Farrill, C. Hull and G. Papadopoulos, “A new maximally supersymmetric background of IIB superstring theory,” JHEP 0201 (2002) 047, hep-th/0110242.

[4] J. Kowalski-Glikman, “Positive Energy Theorem And Vacuum States For The Einstein- Maxwell System,” Phys. Lett. B 150 (1985) 125.

[5] P. Meessen, “A small note on PP-wave vacua in 6 and 5 dimensions,” Phys. Rev. D 65 (2002) 087501, hep-th/0111031.

[6] R. R. Metsaev, “Type IIB Green-Schwarz superstring in plane wave Ramond-Ramond background,” Nucl. Phys. B 625 (2002) 70, hep-th/0112044.

[7] R. R. Metsaev and A. A. Tseytlin, “Exactly solvable model of superstring in plane wave Ramond-Ramond background,” hep-th/0202109; J.G. Russo and A.A. Tseytlin, “On solvable models of type IIB superstring in NS-NS and R-R plane wave backgrounds”, hepth/0202179.

[8] M. Billó and I. Pesando, “Boundary states for GS superstrings in an Hpp wave background”, hep-th/0203028; J. Michelson, “(Twisted) Toroidal compactification of pp-waves”, hepth/0203140.

[9] N. Berkovits, “Conformal field theory for the superstring in a Ramond-Ramond plane wave background”, hep-th/0203248.

[10] R. Penrose, “Any space-time has a plane wave as a limit”, in Differential Geometry and Relativity, Cahen and Flato eds. (1976) Reidel Publishing, Dordrecht-Holland.

[11] R. Güven, “Plane wave limits and T-duality”, Phys.Lett. B482 (2000) 255-263, hepth/0005061.

[12] K. Sfetsos, “Gauging a nonsemisimple WZW model”, Phys. Lett. B324 (1994) 335, hep-th/9311010; D.I. Olive, E. Rabinovici and A. Schwimmer, “A class of string backgrounds as a semiclassical limit of WZW models”, Phys. Lett. B321 (1994) 361, hepth/9311081; K. Sfetsos and A.A. Tseytlin, “Four-dimensional plane wave string solutions with coset CFT description”, Nucl. Phys. B427 (1994) 245, hep-th/9404063; A.A. Tseytlin, “Exact string solutions and duality”, hep-th/9407099.

[13] M. Blau, J. Figueroa-O’Farrill, C. Hull and G. Papadopoulos, “Penrose limits and maximal supersymmetry,” hep-th/0201081.

[14] M. Blau, J. Figueroa-O’Farrill and G. Papadopoulos, “Penrose limits, supergravity and brane dynamics,” hep-th/0202111.

[15] M. Alishahiha and M.M. Sheikh-Jabbari, “The pp-wave limits of orbifolded AdS_5 × S^5” hep-th/0203018; M. Cvetič, H. Lü and C.N. Pope, “Penrose limits, pp-waves and deformed M2-branes”, hep-th/0203082; U. Gürsoy, C. Núñez and M. Schvellinger, “RG flows from Spin(7), CY 4-fold and HK manifolds to AdS, penrose limits and pp waves”, hep-th/0203124; E. Floratos and A. Kehagias, “Penrose limits of orbifolds and orientifolds”, hep-th/0203134; R. Güven, “Randall-Sundrum zero mode as a Penrose limit”, hep-th/0203153; M. Cvetič, H. Lü and C.N. Pope, “M-theory pp-waves, Penrose limits and supernumerary supersymmetries”, hep-th/0203229; J.P. Gauntlett and C.M. Hull, “pp-waves in 11-dimensions with extra supersymmetry”, hep-th/0203255.

[16] E. Inönü and E. P. Wigner, “On the contraction of groups and their representations,” Proc.

Nat. Acad. Sci. 39 (1953) 510; E. Inönü, “Contraction of Lie group and their representations”, in Group Theoretical Concepts and Methods in Elementary Particle Physics, ed. F.Gürsey (Gordon and Breach, New York, 1964).

[17] M. Hatsuda, K. Kamimura and M. Sakaguchi, “From super-AdS_5 × S^5 algebra to superpp-wave algebra”, hep-th/0202190, to appear in NPB.

[18] J. Maldacena, “The large N limit of superconformal field theories and supergravity,” Adv. Theor. Math. Phys. 2 (1998) 231, Int. J. Theor. Phys. 38 (1998) 1113, hepth/9711200; O. Aharony, S. S. Gubser, J. Maldacena, H. Ooguri and Y. Oz, “Large N field theories, string theory and gravity,” Phys. Rept. 323 (2000) 183, hep-th/9905111.

[19] D. Berenstein, J. Maldacena and H. Nastase, “Strings in flat space and pp waves from N = 4 super Yang Mills”, hep-th/0202021.

[20] N. Itzhaki, I.R. Klebanov and S. Mukhi, “PP wave limit and enhanced supersymmetry in gauge theories”, hep-th/0202153; J. Gomis and H. Ooguri, “Penrose limit of N=1 gauge theories”, hep-th/0202157; L.A. Pando Zayas and J. Sonnenschein, “On Penrose limits and gauge theories”, hep-th/0202186; N. Kim, A. Pankiewicz, S.-J. Rey and S. Theisen, “Superstring on pp-wave orbifold from large-N quiver gauge theory”, hepth/0203080; T. Takayanagi and S. Terashima, “Strings on orbifolded pp-waves”, hepth/0203093; S.R. Das, C. Gomez, S.-J. Rey, “Penrose limit, spontaneous symmetry breaking and holography in pp-wave background”, hep-th/0203164; A. Dabholkar and S. Parvizi, “Dp branes in pp-wave background”, hep-th/0203231; D. Berenstein, E. Gava, J. Maldacena, K.S. Narain and H. Nastase, “Open strings on plane waves and their Yang-Mills duals”, hep-th/0203249; P. Lee and J. Park, “Open strings in pp-wave background from defect conformal field theory”, hep-th/0203257.

[21] D. Kramer, H. Stephani, E. Herlt and M. MacCallum, “The plane-fronted gravitational waves with parallel rays (pp waves)”, p.233-236, in Exact solutions of Einstein’s field equation (1980), Cambridge University Press, Cambridge.