arXiv:hep-th/0208042 v5 20 Aug 2002

IP/BBSR/2002-20 hep-th/0208042

p − p^′ Branes in PP-wave Background

Anindya Biswas^1, Alok Kumar^2, and Kamal L. Panigrahi^3

Institute of Physics, Bhubaneswar 751 005, INDIA

ABSTRACT

We present several supergravity solutions corresponding to both Dp, as well as Dp − Dp^′ systems, in NS-NS PP-wave background originating from AdS_3 × S^3 × R^4. The Dp brane solutions, p = 1, .., 5 are fully localized, whereas Dp − Dp^′ are localized along common transverse directions. We also discuss the supersymmetry properties of these solutions and the worldsheet construction for the p − p^′ system.

August 2002

1e-mail: anindyab@iopb.res.in 2e-mail: kumar@iopb.res.in 3e-mail: kamal@iopb.res.in

1 Introduction

PP-waves [1–16] are known to be an interesting class of supersymmetric solutions of type IIB supergravity, with wide applications to gauge theories. For these applications, such solutions are considered in the “Penrose” limit of strings in AdS_p × S^p background [5]. In several cases, PP-waves are also known to be maximal supersymmetric solutions of supergravities in various dimensions [17–19], and are known to give rise to solvable string theories from worldsheet point of view as well. The particular case of AdS_5 × S^5 is of special interest, with applications to N = 4, D = 4 gauge theories in the limit of large conformal dimensions and R-charges [7]. Interestingly, the D-branes of string theories also have an appropriate representation in such gauge theories, in terms of operators corresponding to ‘giant gravitons’ and ‘defects’ [14,15].

In this paper, we continue the search for explicit D-brane supergravity solutions in string theories in PP-wave background. Our study will be mainly concentrated to the NS-NS PP-waves arising out of AdS_3 × S^3 geometry [10]. We, however, also present branes in other PP-waves such as the ones in ‘little’ string theories etc.. Explicit supergravity solution of D-branes, along with open string spectrum, has been studied in [20–26]. Our new result includes a set of solutions corresponding to the brane systems of the type: Dp − Dp^′ in both IIA and IIB theories, as well as explicit worldsheet construction in these cases. We would like to mention that Dp-branes from worldsheet point of view have already been obtained in NS-NS PPwave background earlier [35]. Our result gives realization of such D-branes from the supergravity point of view. We also find it interesting to note that, unlike the case of AdS_5 × S^5 PP-wave, in our case we are able to obtain several ‘localized’ D-brane solutions.

The rest of the paper is organised as follows. In section-2, new supersymmetric Dp as well as Dp−Dp^′ branes are presented which preserve some amount of unbroken supersymmetry. Here we also discuss the worldsheet construction of the corresponding open strings. Section-3 is devoted to branes in ‘little string theories’. We conclude in section-4 with some general remarks.

2 Supersymmetric D-brane Solutions

2.1 Supergravity Backgrounds

We now start by writing down the D-string solutions in the PP-wave background originating from the Penrose limit of NS-NS AdS_3 × S^3 × R^4. The supergravity solution of a system of N D-strings in such a background is given by:

ds^2 = f^{− 12}_1 (2dx^+dx^− − μ^2 4∑ i=1 x^2_i (dx^+)^2) + f^{12}_1 8∑ a=1 (dx^a)^2

e^{2ϕ} = f_1, H_{+12} = H_{+34} = 2μ,

F_{+−a} = ∂_af^{−1}_1 , f_1 = 1 + Ng_sl^6_s r^6

, (2.1)

with f_1 satisfying the Green function equation in the 8-dimensional transverse space. We have explicitly verified that the solution presented in (2.1) satisfy the type IIB field equations (see for e.g. [27, 28]). One notices that in this case, constant NS-NS 3-forms along the PP-wave direction are required precisely to cancel the μ-dependent part of R_{++} equation of motion.

Starting from the D-string solution in eqn. (2.1), one can write down all the Dp-brane solutions (p = 1, .., 5) in NS-NS PP-wave background by applying succesive T-dualities along x^5, .., x^8. As is known, this procedure also involves smearing of the brane along these directions. For example, a D3-brane solution has a form:

ds^2 = f^{− 12}_3 (2dx^+dx^− − μ^2 4∑ i=1 x^2_i (dx^+)^2 + (dx_5)^2 + (dx_6)^2)

+ f^{12}_3 ∑ a=1..4,7,8 (dx_a)^2

H_{+12} = H_{+34} = 2μ,

F_{+−56a} = ∂_af_3^{−1}, e^{2ϕ} = 1, (2.2)

with f_3 being the harmonic function in the transverse space of the D3-brane.

Now we present the supergravity solution of intersecting (Dp − Dp^′ )-brane system in PP-wave background. These solutions are described as ‘branes lying within branes’. In particular for D1 − D5 case, the solution is given by:

ds^2 = (f_1f_5)^{− 12} (2dx^+dx^− − μ^2 4∑ i=1 x^2_i (dx^+)^2) + (f_1 f_5

) 1_2^8∑ a=5 (dx^a)^2

+ (f_1f_5)^{12} 4∑ i=1 (dx_i)^2,

e^{2ϕ} = f_1 f_5, H_{+12} = H_{+34} = 2μ,

F_{+−i} = ∂_if_1^{−1}, F_{mnp} = ϵ_{mnpl}∂_lf_5, (2.3)

with f_1 and f_5 satisfying the Green function equations for D1 and D5-branes respectively. Eqn. (2.3) provides one of the main result of our paper and shows that as in the flat space, intersecting brane solutions are possible in the PP-wave background as well. We have once again checked that the solution presented above do satisfy type IIB field equations of motion. One may also attempt to find a (D1 − D5) solution by taking a decoupling limit, followed by the Penrose scaling, of the solution presented in [29] in a similar way as the D5-brane solution in [21]. The starting solution along which one would take the Penrose limit is as follows:

ds^2 = 1 (H^′_1H^′_5)^{1/2} [ r^2 R^2_1

(−dt^2 + dx^2)] +

( H^′_1 H^′_5

)_{1/2} R2_1

r^2 dr^2 + ( H^′_1 H^′_5 )_{1/2} (dψ^2 + sin^2 ψdΩ^2) + (H^′_1H^′_5)^{1/2}(dy^2 + y^2dΩ^2_3), (2.4)

where

H_1 = 1 +

R^2_1 x^2

, H_5 = 1 +

R^2_5 x^2

, H^′_1 = 1 +

R^{′2}_1 y^2

, H^′_5 = 1 +

R^{′2}_5 y^2

. (2.5)

One however notices that different terms in the metric above come with different powers of H^′_1, leading to difficulty in choosing a ‘null geodesic’ to define an appropriate Penrose limit and find brane solutions.

One can now apply T-duality transformations to generate more intersecting brane solutions starting from the one given in eqn. (2.3) [30, 31]. Note that the directions x^5, .., x^8 are transverse to the D-string in eqn. (2.3), whereas they lie along the longitudinal directions of D5. As a result one can easily obtain solutions of the type D2 − D4 as well as D3 − D3^′ in this PP-wave background. These solutions will give a PP-wave generalization of the intersecting solutions given in [32]. We however skip the details of this analysis.

2.2 Supersymmetry Analysis

In this subsection we will present the supersymmetry of the solutions described earlier. The supersymmetry variation of dilatino and gravitino fields of type IIB supergravity in ten dimension, in string frame, is given by [23, 33, 34]: δλ_± = 1 2 (Γ^μ∂_μϕ ∓ 1 12 Γ^{μνρ}H_{μνρ} )ϵ_± + 1 2 e^ϕ(±Γ^M F^{(1)}_M + 1 12 Γ^{μνρ}F^{(3)}_{μνρ})ϵ_∓, (2.6)

δΨ^±_μ = [ ∂_μ + 1 4 (w_{μâb̂} ∓ 1 2 H_{μâb̂})Γ^{âb̂} ] ϵ_±

+ 1 8 e^ϕ [ ∓ Γ^μF^{(1)}_μ − 1 3! Γ^{μνρ}F^{(3)}_{μνρ} ∓ 1 2.5! Γ^{μνραβ} F^{(5)}_{μνραβ} ] Γ_μϵ_∓, (2.7)

where we have used (μ, ν, ρ) to describe the ten dimensional space-time indices, and hat’s represent the corresponding tangent space indices. Solving the above two equations for the solution describing a D-string as given in eqn. (2.1), we get several conditions. First, the dilatino variation gives:

Γ^âϵ_± − Γ^{^+ ^−â}ϵ_∓ = 0, (2.8)

(Γ^{^+^1^2} + Γ^{^+^3^4})ϵ_∓ = 0. (2.9)

In fact, both the conditions (2.8) and (2.9), are required for satisfying dilatino variation condition. Gravitino variation gives the following conditions on the spinors:

δψ^±_+ ≡ ∂_+ϵ_± ∓ μ 2 f^{− 12}_1 (Γ^{^1^2} + Γ^{^3^4})Γ^{^−}ϵ_± = 0, δψ^±_− ≡ ∂_−ϵ_± = 0,

δψ^±_a ≡ ∂_aϵ_± = 0, δψ^±_i ≡ ∂_iϵ_± = 0. (2.10)

In writing the above set of equations, we have also imposed a necessary condition:

Γ^{^+}ϵ_± = 0, (2.11)

in addition to (2.8). Further, by using

(1 − Γ^{^1^2^3^4})ϵ_± = 0, (2.12)

all the supersymmetry conditions are solved by constant spinors ϵ_±. D-string solution in eqn. (2.1) therefore preserves 1/8 supersymmetry. All other Dp-branes (p = 1, .., 5), obtained by applying T-dualities as discussed above, will also preserve same amount of supersymmetry.

Next, we will analyze the supersymmetry properties of the intersecting branes. We will concentrate on the (D1 − D5)-case explicitly. The dilatino variation gives the following conditions on the spinors:

Γ^îϵ_± − Γ^{^+ ^−î}ϵ_∓ = 0, (2.13)

Γ^îϵ_± + 1 3! ϵ_{îĵk̂l̂}Γ^{ĵk̂l̂}ϵ_∓ = 0, (2.14)

(Γ^{^+^1^2} + Γ^{^+^3^4})ϵ_∓ = 0. (2.15)

One needs to impose all the three conditions, specified above for the dilatino variation to vanish. On the other hand, the gravitino variation gives:

δψ^±_+ ≡ ∂_+ϵ_± ∓ μ 2 (f_1f_5)^{− 12}_1 (Γ^{^1^2} + Γ^{^3^4})Γ^{^−}ϵ_± = 0, δψ^±_− ≡ ∂_−ϵ_± = 0,

δψ^±_i ≡ ∂_iϵ_± = 0, δψ^±_a ≡ ∂_aϵ_± = 0. (2.16)

In writing down the above gravitino variations we have once again made use of the projection Γ^{^+}ϵ_± = 0. The above set of equations can be solved by imposing:

(1 − Γ^{^1^2^3^4})ϵ_± = 0, (2.17)

in addition to (2.13). One therefore has 1/8 supersymmetry for the (D1−D5) solution presented in eqn. (2.3).

2.3 Worldsheet Construction of Intersecting Branes

In this section, we will discuss the (D1 − D5)-brane system, constructed earlier in the paper, from the point of view of first quantized string theory in Green-Schwarz formalism, in light-cone gauge. In the present case, in directions x_i(i = 5, ..., 8), we have the Dirichlet boundary condition at one end and Neumann boundary condition at the other end of the open string. Along x_α (α = 1, ..., 4) directions, one has the usual Dirichlet boundary condition. The relevant classical action to be studied in our case (after imposing the light-cone gauge conditions on fermions and bosons [10] ) is as follows [35]:

L = L_b + L_f , (2.18)

where

L_b = ∂_+u∂_−v − m^2x^2_i + ∂_+x_i∂_−x_i + ∂_+x_α∂_−x_α + μ ∑ (i,j)=(1,2),(3,4) x^i(∂_+u∂_−x^j − ∂_−u∂_+x^j ), (2.19)

L_f = iS_R(∂_+ − mM)S_R + iS_L(∂_− + mM)S_L, (2.20)

with

m ≡ α^′p^uμ = 2α^′p_v μ, (2.21)

M = − 1 2 (γ^{12} + γ^{34}). (2.22)

Eight component real spinors (S_L, S_R) have been obtained from 16-component Majorana- Weyl spinors in the left and the right sector after solving the light-cone gauge conditions.

The equations of motion and boundary conditions for bosons x^i, x^α in our case are as follows:

∂_+∂_−x_{i1} + m^2x_{i1} − mϵ^{i1j1} (∂_−x^{j1} − ∂_+x^{j1} ) = 0, ∂_+∂_−x_α = 0, (2.23) ∂_σx^α | | |_{σ=0} = ∂_τ x^α | | |_{σ=π} = 0, x^i | | |_{σ=0,π} = constant. (2.24) The solutions to the bosonic equations of motion, with the boundary conditions specified above, is given by (defining X^{^1} =^{1√}_2 (x^1 + ix^2) and X^{^2} =^{1√}_2 (x^3 + ix^4)) [35] : X^α(σ, τ ) = (x_1 − x_0) σ π + i ∑ r∈(z+^1_2 ) 1 r α^α_r e^{−irτ} cos rσ, (α = 5, .., 8), (2.25)

X^î(σ, τ ) = e^{−2imσ} x_0 + (x_1e^{2imσ} − x_0) σ π + i ∑ n≠0 1 n α^i_ne^{−inτ} sin nσ . (2.26)

To consider the equations of motion of fermions, we note that the matrix M evidently breaks the SO(8) symmetry further, and thereby splits the fermions in the 8 → 4 + 4 way: S_L → (S̃_L, Ŝ_L), S_R → (S̃_R, Ŝ_R):

γ^{1234} ( S̃_{L,R} Ŝ_{L,R} ) = ( −S̃_{L,R} Ŝ_{L,R} ) . (2.27)

In this connection, one also introduces 4 × 4 matrices Λ and Σ:

γ^{12} ( S̃_{L,R} Ŝ_{L,R} ) = − ( ΛS̃_{L,R} ΣŜ_{L,R} ) , (2.28)

with Λ^2 = Σ^2 = −1. Λ and Σ in the above equation are 4 × 4 antisymmetric matrices with eigenvalues ±i. Using these notations, one has: M ( S̃_{L,R} Ŝ_{L,R} ) = ( ΛS̃_{L,R} 0 ) . (2.29)

The equations of motion written in terms of (S̃_L, Ŝ_L) and (S̃_R, Ŝ_R) are then of the form:

∂_+(e^{2mτ}S̃_R) = 0, ∂_−(e^{−2mτ}S̃_L) = 0, (2.30)

∂_+Ŝ_R = 0, ∂_−Ŝ_L = 0. (2.31)

Now we will write down the boundary conditions for the fermions in the mixed sector. As the equations of motion and the boundary condition for the components Ŝ_{L,R} are identical to the ones in flat space, we only concentrate on finding explicit solution for S̃_{L,R} below. Following [10, 21, 35], one can write down the boundary conditions for the fermions as:

S̃_L|_{σ=0} = −S̃_R|_{σ=0}, (2.32)

S̃_L|_{σ=π} = S̃_R|_{σ=π} , (2.33)

Ŝ_L|_{σ=0,π} = Ŝ_R|_{σ=0,π} . (2.34)

The solution for S̃_{L,R} equations of motion (2.30), with the above boundary condition, can be read from [35], and has the following form: S̃_L = −e^{−2mσΛ} ∑ r∈(z+^1_2 )

s_re^{−ir(τ +σ)}, (2.35)

S̃_R = e^{−2mσΛ} ∑

r∈(z+^1_2 ) s_re^{−ir(τ −σ)}. (2.36) The canonical quantization conditions as well as the worldsheet hamiltonian for the D1 − D5 system discussed above can also be written in a straightforward manner following the procedure in [35]. We however skip the details here.

3 Branes in ‘Little String Theory’

3.1 Supergravity Backgrounds

In this section, we discuss the branes in the Penrose limit of ‘little string theory’(LST). PP-waves of non-local theories have been discussed recently in the literature [36–38]. Among them, ‘little string theory’ arises on the world volume of NS5-brane when a decoupling limit, g_s → 0 with fixed α^′, is taken [39, 40]. To construct our solution, we start with the NS5-brane solution given by the metric and dilaton:

ds^2 = −dt^2 + dy^2_5 + H(r)(dr^2 + r^2dΩ^2_3),

e^{2Φ} = g^2_s H(r), (3.1) with H(r) = 1+^{N l2s}_{r2} . The near horizon limit of the above solution is the linear dilaton geometry, which in the string frame is given by,

ds^2 = Nl^2_s ( − dt̃^2 + cos^2 θdψ^2 + dθ^2 + sin^2 θdϕ^2 + dr^2 r^2

) + dy^2_5, (3.2) with t = √ N l_st̃. PP-wave background of LST is then found by applying Penrose limit to (3.2). We however consider the case after applying S-duality on eqn. (3.2). Applying S-duality transformation and then taking Penrose limit (as described in [36]), the background solution is given by:

ds^2 = −4dx^+dx^− − μ^2⃗z^2dx^{+2} + (d⃗z)^2 + dx^2 + dy^2_5 e^{2ϕ} = Const, F_{+12} = Cμ, (3.3) where F_{+12} is the 3-form field strength in the ⃗z-plane. Now we proceed to analyze the existence and stability of branes in this background. The supergravity solution for a system of D5-branes in this background is given by:

ds^2 = f^{− 12} ( − 4dx^+dx^− − μ^2⃗z^2(dx^+)^2 + 2∑ i=1 (dz_i)^2 + 2∑ p=1 (dy_p)^2 )

+ f^{12} 4∑ a=1 (dx_a)^2, e^{2Φ} = f^{−1}, F_{+12} = 2μ, F_{mnp} = ϵ_{mnpr}∂_rf, f = 1 + Ng_sl^2_s r^2

. (3.4) One notices that the background has only one constant 3-form field strength (F_{+12}). We have once again verified that the solution presented above satisfies type IIB field equations.

One can then write down (by applying S-duality on (3.4)) the NS5-brane in a PP-wave background of the ‘little string theory’ [36] as:

ds^2 = −4dx^+dx^− − μ^2⃗z^2(dx^+)^2 + 2∑ i=1 (dz_i)^2 + 2∑ p=1 (dy_p)^2 + f 4∑ a=1 (dx_a)^2 e^{2Φ} = f, H_{+12} = 2μ, H_{mnp} = ϵ_{mnpr}∂_rf, (3.5) with H’s being the NS- sector 3-form field strengths.

We will now consider the dilatino and gravitino variation of the solution presented in eqn. (3.4). to study the supersymmetry properties. The dilatino variation gives equations:

Γ^âϵ_± + 1 3! ϵ_{âb̂ĉd̂}Γ^{b̂ĉd̂}ϵ_∓ = 0, (3.6)

Γ^{^+^1^2}ϵ_∓ = 0. (3.7)

The gravitino variation leads to the equations:

δΨ^±_+ ≡ ∂_+ϵ_± − μ^2z_î 2 Γ^{^+î}ϵ_± − 1 16 μ^2⃗z^2 f, â f^{32}

Γ^{^+â}ϵ_± − μ 4 Γ^{^+^1^2}Γ^−ϵ_∓ = 0, (3.8)

δΨ^±_− ≡ ∂_−ϵ_± = 0, (3.9) δΨ^±_i ≡ ∂_iϵ_± − μ 4 Γ^{^+^1^2}δ_{iî}Γ^îϵ_∓ = 0. (3.10)

δΨ^±_p ≡ ∂_pϵ_± − μ 4 Γ^{^+^1^2}δ_{pp̂}Γ^{p̂}ϵ_∓ = 0. (3.11)

δΨ^±_a ≡ ∂_aϵ_± − μ 4 f^{12} Γ^{^+^1^2}δ_{aâ}Γ^âϵ_∓ = 0, (3.12)

In writing these set of equations we have used the condition (3.6). Imposing the condition Γ^{^+}ϵ = 0, we further reduce them to:

∂_+ϵ_± − μ 4 Γ^{^+^1^2}Γ^{^−}ϵ_∓ = 0, (3.13)

∂_−ϵ_± = 0, ∂_iϵ_± = 0, ∂_pϵ_± = 0, ∂_aϵ_± = 0. (3.14)

Since eqn. (3.13) is an integrable one, hence in this case we get 1/4 supersymmetry.

4 Conclusion

In this paper we have presented supersymmetric Dp and Dp − Dp^′-brane configurations in PP-wave background and analyzed their supersymmetry properties. We have also presented (D1−D5)-brane construction from the point of view of massive Green- Schwarz formalism in the light cone gauge in NS-NS PP-wave of AdS_3 × S^3 × R^4. It will be interesting to study the gauge theory duals of the branes presented in this paper by using operators such as ‘defects’. One could possibly also look at the black hole physics using the (D1 − D5) system presented here in an attempt to understand their properties. We finally point that a simple ansatz, like the ones presented in this paper, does not work for finding p − p^′ solutions in R − R PP-wave background, when one takes into account Bianchi identities, equations of motion and supersymmetry conditions properly. It will be interesting to further explore the possibility of finding such solutions.

Acknowledgement

We thank Rashmi R. Nayak, Koushik Ray and Sanjay for useful discussions.

References

[1] R. Penrose, “Any space-time has a plane wave as a limit”,in Differential geometry and relativity, pp.271-275, Reidel, Dordrecht, (1976).

[2] G. T. Horowitz and A. A. Tseytlin, “A New Class of Exact Solutions in String Theory”, Phys. Rev D 51 (1995) 2896, hep-th/9409021.

[3] R. Gueven, “Plane Wave Limits and T-Duality”, Phys.Lett. B482 (2000) 255, hep-th/0005061.

[4] R.R.Metsaev, “Light cone gauge formulation of IIB supergravity in AdS_5 × S^5 background and AdS/CFT correspondence”, Phys.Lett. B468 (1999) 65, hepth/9908114.

R.R.Metsaev, “Type IIB Green-Schwarz superstring in plane wave Ramond- Ramond background”,Nucl. Phys. B625, (2002) 70, hep-th/0112044. R.R. Metsaev, A.A. Tseytlin, “Exactly solvable model of superstring in Ramond-Ramond plane wave background”, Phys.Rev. D65 (2002) 126004, hepth/0202109.

[5] M.Blau, J.Figuero-O’Farrill, C. Hull and G. Papadopoulos,“ A new maximally supersymmetric background of IIB superstring theory,” JHEP 0201, 047 (2000), hep-th/0110242

M.Blau, J.Figuero-O’Farrill and G. Papadopoulos,“ Penrose limits and maximal supersymmetry,” Class. Quant. Grav. 19, L87(2000), hep-th/0201081. M.Blau, J.Figuero-O’Farrill and G. Papadopoulos,“Penrose limits, supergravity and brane dynamics,” hep-th/0202111.

[6] A. A. Tseytlin, “On limits of superstring in AdS(5) × S^5”, hep-th/0201112. [7] D. Berenstein, J. Maldacena, H. Nastase,“Strings in flat space and pp waves from N = 4 Super Yang Mills”, hep-th/0202021.

[8] N. Itzhaki, I. R. Klebanov and S. Mukhi, “PP wave limit and enhanced supersymmetry in gauge theories,” JHEP 0203, 048 (2002), hep-th/0202153.

[9] J. Gomis and H. Ooguri,“Penrose limit of N = 1 gauge theories”, hepth/0202157.

[10] J.G. Russo, A.A. Tseytlin, “On solvable models of type IIB superstring in NS-NS and R-R plane wave backgrounds,” JHEP 0204 (2002) 021, hep-th/0202179.

[11] L. A. Pando Zayas and J. Sonnenschein, “On Penrose limits and gauge theories,” hep-th/0202186.

[12] M. Alishahiha and M. M. Sheikh-Jabbari, “The PP-wave limits of orbifolded AdS_5 × S^5,” hep-th/0203018.

[13] C. S. Chu, P. M. Ho, “Noncommutative D-brane and Open String in pp-wave Background with B-field,” Nucl.Phys. B636 (2002) 141, hep-th/0203186.

[14] P. Lee and J. W. Park, “Open strings in PP-wave background from defect conformal field theory”, hep-th/0203257.

[15] V. Balasubramanian, M. X. Huang, T. S. Levi and A. Naqvi, “Open strings from N = 4 super Yang-Mills,” hep-th/0204196.

[16] H. Takayanagi and T. Takayanagi, “Open strings in exactly solvable model of curved space-time and PP-wave limit,”hep-th/0204234.

[17] P. Meessen, “A Small Note on PP-Wave Vacua in 6 and 5 Dimensions,” Phys.Rev.D65(2002) 087501, hep-th/0111031.

[18] M. Cvetic, H. Lu, C.N. Pope,“Penrose Limits, PP-Waves and Deformed M2- branes,” hep-th/0203082.

[19] J. P. Gauntlett, C. M. Hull, “pp-waves in 11-dimensions with extra supersymmetry”,JHEP 0206, (2002) 013, hep-th/0203255.

[20] A. Dabholkar, S. Parvizi,“Dp branes in pp-wave background”, hep-th/0203231. [21] A. Kumar, R. R. Nayak, Sanjay, “D-brane solutions in pp-wave background”, hep-th/0204025, (to appear in Phys. Lett. B).

[22] K. Skenderis and M. Taylor, “Branes in AdS and pp-wave spacetimes,” hepth/0204054.

[23] M. Alishahiha and A. Kumar, “D-Brane Solutions from New Isometries of pp- Waves”, hep-th/0205134, (to appear in Phys. Lett. B).

[24] P. Bain, P. Meessen and M. Zamaklar, “Supergravity solutions for D-branes in Hpp wave backgrounds,” hep-th/0205106.

[25] H. Singh, “M5-branes with 3/8 Supersymmetry in PP-wave background,”hepth/0205020.

[26] S. S. Pal, “Solution to worldvolume action of D3 brane in pp-wave background”, hep-th/0205303.

[27] M. J. Duff, Ramzi R. Khuri, J. X. Lu, “String Solitons”, Phys.Rept. 259 (1995) 213, hep-th/9412184.

[28] M. Alishahiha, H. Ita, Y. Oz, “Graviton Scattering on D6 Branes with B Fields”, JHEP 0006 (2000) 002, hep-th/0004011.

[29] G. Papadopoulos, J. Russo, A.A. Tseytlin “Curved branes from string dualities,” Class. Quant. Grav. 17 (2000)1713, hep-th/9911253.

[30] J. C. Breckenridge, G. Michaud, R. C. Myers, “More D-brane bound states,” Phys. Rev. D55 (1997) 6438, hep-th/9611174.

[31] A. Kumar, S. Mukherji and K. L. Panigrahi,“D-brane bound states from Charged Macroscopic Strings”, JHEP05 (20020 050, hep-th/0112219.

[32] A.A. Tseytlin, “Harmonic superpositions of M-branes”, Nucl.Phys. B475 (1996) 149, hep-th/9604035.

[33] J. H. Schwarz, “Covariant Field Equations of Chiral N=2 D = 10 Supergravity”, Nucl. Phys.B226 (1983) 269.

[34] S.F. Hassan, “ T-Duality, Space-time Spinors and R-R Fields in Curved Backgrounds,” Nucl.Phys. B568 (2000) 145, hep-th/9907152.

[35] Y. Michishita,“D-branes in NSNS and RR pp-wave backgrounds and Sduality,”hep-th/0206131.

[36] V. E. Hubeny, M. Rangamani and E. Verlinde, “Penrose Limits and Non-local theories,” hep-th/0205258.

[37] Y. Oz, T. Sakai, “Penrose Limit and Six-Dimensional Gauge Theories,”hepth/0207223.

[38] M. Alishahiha, A. Kumar,“PP-waves from Nonlocal Theories,”, hep-th/0207257. [39] M. Berkooz, M. Rozali and N. Seiberg, “Matrix Description of M-theory on T^4 and T^5”,Phys.Lett. B408 (1997) 105, hep-th/9704089.

[40] N. Seiberg, “Matrix Description of M-theory on T^5 and T^5/Z_2”, Phys.Lett. B408 (1997) 98, hep-th/9705221.