Published by Institute of Physics Publishing for SISSA/ISAS Received: July 30, 2002 Accepted: August 28, 2002

Orbiting membranes in M-theory on AdS_7 × S^4 background

Mohsen Alishahiha

Institute for Studies in Theoretical Physics and Mathematics (IPM) P.O. Box 19395-5531, Tehran, Iran E-mail: mohsen.alishahiha@cern.ch

Masumeh Ghasemkhani

Department of Physics, Alzahra University Tehran 19894, Iran E-mail: Ghasemkhani@theory.ipm.ac.ir

Abstract: We study classical solutions describing rotating and boosted membranes on AdS_7 × S^4 background in M-theory. We find the dependence of the energy on the spin and R-charge of these solutions. In the flat space limit we get E ∼ S^{2/3}, while for AdS at leading order E − S grows as S^{1/3}. The membranes on AdS_4 × S^7 background have briefly been studied as well.

Keywords: Penrose limit and pp-wave background, AdS-CFT and dS-CFT Correspondence.

© SISSA/ISAS 2002 http://jhep.sissa.it/archive/papers/jhep082002046 /jhep082002046 .pdf

Contents

1. Introduction 1

2. Review of closed string in AdS_5 × S^5 2

3. Rotating and boosted membrane in M-theory AdS backgrounds 5

4. Conclusions 9

1. Introduction

By now it is believed that type IIB string theory on AdS_5 × S^5 with N fluxes on the S^5 is dual to four dimensional N = 4 SU(N) SYM theory [1, 2, 3]. According to this conjecture the spectrum of single string state on AdS_5 × S^5 corresponds to spectrum of single trace operators of the N = 4 gauge theory. However, until recently, this correspondence had only been studied for supergravity modes on AdS_5 × S^5 which are in one-to-one correspondence with the chiral operators of the N = 4 gauge theory. Basically this is because formulating the appropriate sigma models and solving them for such a curved background with RRfield is not an easy work. On the other hand the massive string modes correspond to operators in long multiplets whose dimensions grow as λ^{1/4} for large ‘t Hooft coupling λ. Fortunately one can get rid of these problems by considering those operators with very high bare dimension, such as operators with high R-charge, spin, etc. Practically it has been shown in [4, 10] that this procedure works for a special class of operators with high R-charge or high spin.

In fact it has been conjectured [4] that string theory on the maximally supersymmetric ten-dimensional PP-wave has a description in terms of a certain subsector of the large N four-dimensional N = 4 SU(N) supersymmetric gauge theory at weak coupling. More precisely this subsector is parametrized by states with conformal weight Δ carrying J units of charge under the U(1) subgroup of the SU(4)_R R-symmetry of the gauge theory, such that both Δ and J are parametrically large in the large ‘t Hooft coupling while their difference, Δ−J is finite. Then it has been possible to work out the perturbative string spectrum from gauge theory side. The idea of [4] is based on the observation that the PP-wave background with RR 4-form in type IIB string theory is maximally supersymmetric [5], solvable [6, 7] and can be understood as a certain limit (Penrose limit) of AdS_5 × S^5 geometry [8, 4]. Although in the BMN consideration the background is maximally supersymmetric, it has been shown that this conjecture can also be applied for the backgrounds with less supersymmetry [9].

– 1 –

In an attempt to explore this idea the authors of [10] identified certain classical solutions representing highly excited string states carrying large angular momentum in the AdS_5 part of the metric with gauge theory operators with high spin S and conformal dimension Δ which is identified with the classical energy of the solution in the global AdS coordinates. An interesting observation of [10] is that the classical energy of the rotating string in AdS_5 space in the limit of S ≫ √ λ scales as

Δ − S = √ λ π ln S √ λ + · · · , (1.1)

which looks the same as logarithmic growth of anomalous dimensions of operators with spin in the gauge theory. It has also been shown that the BMN operators [4] can also be identified with classical solutions of string in AdS_5 with angular momentum in S^5 space [10].

A generalization for the case when the string is stretched along radial direction of AdS and rotating along both AdS_5 and S^5 spaces has also been studied in [11]. This solution corresponds to those operators which have both spin and R-charge in the gauge theory side. A more general solution where the string is also stretched in an angular coordinate of S^5 has been studied in [12]. For further study in this direction see [13, 14].

The aim of this article is to generalize the classical string solution for M-theory where we would have a membrane in the AdS_7 or AdS_4 background in M-theory. Regarding the fact that the AdS/CFT correspondence has also been conjectured for AdS_7 in M-theory which says that M-theory on AdS_7 × S^4 is dual to (0,2) theory, one would expect to find a classical rotating and boosted membrane solution in this background representing state with spin and R-charge in (0,2) theory. The same can be considered for AdS_4 × S^7 The organization of the paper is as following. In section 2, we shall review the results of [10, 11] considering the rotating and boosted string in the AdS_5 × S^5 background. In this section we will rederive their solution using the Nambu action. In section 3, we will generalize this consideration for AdS_7×S^4 where we just have a Nambu-like action. The last section is devoted to discussion and some comments. We shall also make some comments for AdS_4 × S^7 case.

2. Review of closed string in AdS_5 × S^5

In this section we shall review the results of [10] considering a semi-classical solution of the rotating/boosted closed string stretched along the radial coordinate of AdS_5 × S^5 in type IIB string theory. A solution of rotating and boosted closed string has been studied in [11, 12].

Let us start with the supergravity solution of AdS_5 × S^5 written in the global coordinates

ds^2 = R^2 [ −dt^2 cosh^2 ρ + dρ^2 + sinh^2 ρdΩ^2_3 + dψ^2_1 + cos^2 ψ_1 ( dψ^2 + cos^2 ψ_2dΩ̃^2_3 )] , dΩ^2_3 = dβ^2_1 + cos^2 β_1 ( dβ^2 + cos^2 β_2dβ^2_3 ) , dΩ̃^2_3 = dψ^2_3 + cos^2 ψ_3 ( dψ^2_4 + cos^2 ψ_4dψ^2_5 ) . (2.1)

– 2 –

We would like to study a solution representing a rotating closed string configuration which is stretched along the radial coordinate. In order to study this system one needs to write an action for this closed string. We note, however, that there are two different, but equivalent, ways to write the action for this string configuration; either we can use the Nambu action or the Polyakov action. Since we are going to generalize this consideration to the M-theory membrane where we do not have the Polyakov-like action, we will work with the Nambu action. This will give us an insight how to generalize the string calculations to the M-theory computations.

Now the point we should notice is the symmetries the string theory has. Let us parameterize the string worldsheet by σ and τ. Then we would have reparameterization invariance which has to be fixed. We can fix it by a parameterization such that the time coordinate of space-time, t to be equal to worldsheet time, i.e. t = τ. In this gauge a closed string configuration representing a rotating string with angular velocity ω on AdS_5 space stretched along the radial coordinate is given by

t = τ , β_3 = ωτ , ρ(σ) = ρ(σ + 2π) (2.2)

all other coordinates are set to zero. For this solution the Nambu action, I = − 1 2πα^′ ∫ dσ^2 √ − det(G_{μν} ∂_aX^μ∂_bX^ν ) , (2.3)

reads I = −4 R^2 2πα^′ ∫_{ρ0} 0 dρ √ ṫ2 cosh^2 ρ − β̇^2_3 sinh^2 ρ , (2.4)

where dot represents derivative with respect to τ. For our solution (2.2) ṫ = 1, β̇_3 = ω and ρ_0 = coth^{−1}(ω). The factor of 4 comes from the fact that we are dealing with a folded closed string. Working with one fold string, the string can be divided to four segments. Using the periodicity condition we just need to perform the integral for one quarter of string multiplied by factor 4.

The two conserved momenta conjugate to t and β_3 are the space-time energy E and spin S. Using the above Nambu action these quantities are given by

E = 4

R^2 2πα^′ ∫_{ρ0} 0 dρ cosh^2 ρ √ cosh^2 ρ − ω^2 sinh^2 ρ , S = 4

R^2ω 2πα^′ ∫_{ρ0} 0 dρ sinh^2 ρ √ cosh^2 ρ − ω^2 sinh^2 ρ

, (2.5)

From the integrals (2.5) one can proceed to compute the relation between energy and spin. To do this we can use an approximation in which the string is much shorter or much longer than the radius of curvature of AdS_5. The short and long string limits are given by the limit in which ρ_0 → 0 and ρ_0 → ∞, respectively.

Short strings. For large ω one finds ρ_0 ∼ 1/ω → 0 and therefore the string is much shorter than the radius of curvature of AdS_5. In fact in this limit the AdS_5 space can

– 3 – be approximated by a flat metric near the center and therefore the calculation reduces to spinning string in the flat space. In this limit the integral (2.5) can be performed, and we find E = R^2 ωα^′ , S = R^2 2ω^2α^′

(2.6)

so that E^2 =

2R^2 α^′ S , (2.7)

which is the well-known flat space Regge trajectory.

Long strings. On the other hand for ω → 1 the length of string scales as ρ_0 ∼^1_2 ln^2_{ω−1} → ∞ and therefore the string becomes long. In this case the spin is always large compare to the radius of curvature of AdS_5 space, i.e. S ≫ R^2/α^′. Setting ρ_0 =^1_2 ln^2_{ω−1} in (2.5) one can find the approximate expansion of the integrals E = R^2 2πα^′ ( 2 ω − 1 + ln 2 ω − 1 + · · · ) , S = R^2 2πα^′ ( 2 ω − 1 − ln 2 ω − 1 + · · · ) , (2.8)

which can be solved to find the dependence of energy on spin, which is E − S = R^2 πα^′ ln ( α^′ R^2 S ) . (2.9)

Interesting enough this looks very similar to the logarithmic growth of anomalous dimensions of operators with spin in the gauge theory.

One can also consider a string rotating in AdS_5 and in S^5 with independent angular velocity parameters ω and ν which is stretched along the radial coordinate ρ from ρ = 0 up to some ρ = ρ_{max} ≡ ρ_0. This closed string configuration is given by

t = κτ , β_3 = ωτ , ψ_5 = ντ , ρ(σ) = ρ(σ + 2π) . (2.10)

This rotating and boosted closed string configuration has been studied in [11] where the authors used the Polyakov action. Now we would like to review their solution but with the Nambu action. This could give an insight how to generalize the situation for the M-theory case. Note that in the framework where the Nambu action is used we should impose the gauge fixing condition as following G_{μν} ∂X^μ ∂τ ∂X^ν ∂σ = 0 , G_{μν} ( ∂X^μ ∂τ ∂X^ν ∂τ + ∂X^μ ∂σ ∂X^ν ∂σ ) = 0 . (2.11)

We note that setting t = κτ can not fix the diffeomorphism completely and in fact there is still a freedom to redefine the parameters which are involved in the solution (2.10). Imposing the gauge fixing condition (2.11) would fix this freedom by given a relation between them. The first relation in equation (2.11) is automatically satisfied for our string configuration (2.10), while the second one leads to the following first order equation for ρ ( dρ dσ )_2

= (κ^2 − ν^2) cosh^2 ρ − (ω^2 − ν^2) sinh^2 ρ . (2.12)

– 4 –

The periodicity condition on ρ is satisfied by considering a folded string. The string is folded onto itself, and the interval 0 ≤ σ < 2π is split into four segments. The function ρ(σ) increases from zero to its maximal value which is given by setting^{dρ}_{dσ} (π/2) = 0, i.e.

cosh^2 ρ_0 = ω^2 − ν^2 κ^2 − ν^2

. (2.13)

For the solution (2.10) the Nambu action (2.3) reads I = −4 R^2 2πα^′ ∫ dρ √ (κ^2 − ν^2) cosh^2 ρ − (ω^2 − ν^2) sinh^2 ρ . (2.14)

Using this action one can find the energy, spin and R-charge as following E = − ∂I ∂κ , S = ∂I ∂ω , J = ∂S ∂ν , (2.15)

which are E = 4R^2 2πα^′ κ ∫_{ρ0} 0 cosh^2 ρ dρ √ (κ^2 − ν^2) cosh^2 ρ − (ω^2 − ν^2) sinh^2 ρ ,

S = 4R^2 2πα^′ ω ∫_{ρ0} 0 sinh^2 ρ dρ √ (κ^2 − ν^2) cosh^2 ρ − (ω^2 − ν^2) sinh^2 ρ ,

J = 4R^2 2πα^′ ν ∫_{ρ0} 0 dρ √ (κ^2 − ν^2) cosh^2 ρ − (ω^2 − ν^2) sinh^2 ρ

. (2.16)

One observes that E = κ ν J + κ ω S , (2.17)

and the periodicity also implies an other condition on the parameters

2π = ∫_{2π} 0 dσ = 4 ∫_{ρ0} 0 dρ √ (κ^2 − ν^2) cosh^2 ρ − (ω^2 − ν^2) sinh^2 ρ

. (2.18)

In particular one finds J =^{R2}_{α′} ν. This condition together with equations (2.17) and (2.16) can be used to obtain the dependence of energy E on spin and R-charge. The reader is refereed to [11] for detail of this computations.

3. Rotating and boosted membrane in M-theory AdS backgrounds

Following [10] we would like to consider the semi-classical solution of closed membrane in the M-theory representing states with higher angular momentum on the AdS and sphere parts which can be identified with spin and R-charge.

Here we shall study the boosted and rotating closed membrane in the AdS_7 × S^4 generalizing the previously studied case for type IIB on AdS_5 × S^5 background [10, 11, 12].

– 5 –

Let us start with the gravity solution of AdS_7 × S^4 in the global coordinates

l^{−2}_p dS^2 = 4R^2 [ − dt^2 cosh^2 ρ + dρ^2 + sinh^2 ρ ( dψ^2_1 + cos^2 ψ_1 dψ^2 + sin^2 ψ_1 dΩ^2_3 ) + + 1 4 ( dα^2 + cos^2 α dθ^2 + sin^2 α ( dβ^2 + cos^2 β dγ^2 )) ] , dΩ^2_3 = dψ^2_3 + cos^2 ψ_3 dψ^2_4 + cos^2 ψ_3 cos^2 ψ_4 dψ^2_5 , (3.1)

where R^3 = πN. Note that we are using a unit in which R is dimensionless.

The supersymmetric action of the M-theory supermembrane has been studied in [15]. Here we shall only consider the bosonic part of the action which can be written as following I = − 1 (2π)^2l^3_p ∫ dξ^3 (√ − det(G_{μν} ∂_ax^μ∂_bx^ν ) + 1 6 ϵ^{ijk}∂_ix^μ∂_j x^ν ∂_kx^λC_{μνλ} ) , (3.2)

where (ξ_1, ξ_2, ξ_3) = (τ, δ, σ) are coordinates which parameterize the membrane worldvolume. x^μ, μ = 0, . . . , 10 are space-time coordinates and C_{μνλ} is the massless M-theory three form.

We look for a soliton solution corresponding to a closed membrane configuration in the background (3.1). We note that there are different membranes which could be considered depending on in which directions their worldvolume are taken. However it turns out that not all of these configurations are supersymmetric. Here we shall only consider the supersymmetric configuration of membrane. This can be given by a membrane rotating in AdS_7 and S^4 with independent angular velocity parameters ω and ν and is also stretched along the radial coordinate and another angular coordinate of dΩ_5 part of AdS_7 space. This solution is given by^1

t = κτ , ψ_2 = √ 2aδ , ψ_5 = √ 2ωτ , ρ = ρ(σ) , θ = 2ντ , ψ_1 = π 4 , (3.3)

all other coordinates are set to zero. We have also periodicity condition for ρ coordinate as ρ(σ + 2π) = ρ(σ). Therefore we are considering a membrane configuration which is folded onto itself, and the interval 0 ≤ σ < 2π is split into four segments. The function ρ(σ) increases from zero to its maximal value, ρ_0 which is given by dρ/dσ = 0. We note also that, the same as AdS_5 in the previous section, we should impose the gauge fixing condition which for bosonic membrane action are given by G_{μν} ∂X^μ ∂τ ∂X^ν ∂σ = 0 , G_{μν} ∂X^μ ∂τ ∂X^ν ∂δ = 0 , (3.4) and L^2G_{μν} ∂X^μ ∂τ ∂X^ν ∂τ = ( G_{μν} ∂X^μ ∂δ ∂X^ν ∂σ )_2 − ( G_{μν} ∂X^μ ∂σ ∂X^ν ∂σ ) ( G_{λγ} ∂X^λ ∂δ ∂X^γ ∂δ ) , (3.5)

1The rotating membranes in the matrix model has been studied in [16]. For supermembrane solution on PP-wave background see also [17].

– 6 – where L is a constant with dimension of length. For our solution (3.3) L = 2R and moreover the constraints (3.4) are automatically satisfied while the last one, (3.5), leads to the following first order equation for ρ ( dρ dσ )_2 = (κ^2 − ν^2) cosh^2 ρ − (ω^2 − ν^2) sinh^2 ρ a^2 sinh^2 ρ

, (3.6)

which can be solved for σ. In fact from periodicity condition of ρ we find

2π = ∫_{2π} 0 dσ = 4a ∫_{ρ0} 0 sinh ρ dρ √ (κ^2 − ν^2) cosh^2 ρ − (ω^2 − ν^2) sinh^2 ρ

, (3.7)

and moreover we rescaled δ such that^{4a}_{2π} = 1.

For the solution (3.3) the CS part of the membrane action (3.2) is zero and therefore the membrane action (3.2) reads I = − (2R)^3 (2π)^2 a ∫ dτ dδ dρ sinh ρ √ κ^2 cosh^2 ρ − ω^2 sinh^2 ρ − ν^2 . (3.8)

From (2.15) we can find the energy, spin and R-charge of the membrane as following E = 4R^3 π κ ∫_{ρ0} 0 sinh ρ cosh^2 ρ dρ √ (κ^2 − ν^2) cosh^2 ρ − (ω^2 − ν^2) sinh^2 ρ ,

S = 4R^3 π ω ∫_{ρ0} 0 sinh^3 ρ dρ √ (κ^2 − ν^2) cosh^2 ρ − (ω^2 − ν^2) sinh^2 ρ ,

J = 4R^3 π ν ∫_{ρ0} 0 sinh ρ dρ √ (κ^2 − ν^2) cosh^2 ρ − (ω^2 − ν^2) sinh^2 ρ

, (3.9)

where ρ_0 is

ρ_0 = coth^{−1} √ ω^2 − ν^2 κ^2 − ν^2

. (3.10)

The same as AdS_5 case we have E = κ ν J + κ ω S , (3.11)

which may be used to determine the dependence of E on S and J. The factor 4 has the same origin as one in AdS_5 in the previous section. An immediate consequence of periodicity condition is that J = α_0ν with α_0 = 4R^3/π.

Now we have all ingredients to proceed to find the dependence of E on the S and J. To do this we need to perform the integrals (3.9) which are involved in our study. In fact we get

S = α_0 ω √ κ^2 − ν^2 1 2η^{3/2} [√ η + (η − 1) ( tan^{−1} √ η − π 2 )] , J = α_0 ν √ κ^2 − ν^2 1 √ η (π 2 − tan^{−1} √ η ) , (3.12)

where η^{−1} = sinh^2 ρ_0. These equations together with J = α_0ν and E = κα_0 +^κ_ω S are enough to find the relation between E, S and J. Following [10] one can consider the limit of short (ρ_0 → 0 or η → ∞), and long (ρ_0 → ∞ or η → 0) membranes.

– 7 –

Short membranes. For η → ∞ we get

κ^2 ≈ ν^2 + 1 η^2

, ω^2 ≈ ν^2 + 1 η , (3.13)

and from (3.12) one finds S ≈ 2 3 α_0 1 η √ ν^2 + 1 η . (3.14)

For the case of ν ≪^1_η we can solve the above equation for η 1 η^{3/2} ≈ 3 2 α^{−1}_0 S , (3.15)

and using the relation between E and S we get

E = α_0 √ ν^2 + 1 η^2 + · · · =⇒ E ≈ α_0 1 η , (3.16) or E ≈ ( 9 π )_{1/3} RS^{2/3} . (3.17)

Physically, in the short membrane limit, ρ_0 → 0, the membrane is not stretched much compared to the radius of curvature of AdS_7, therefore we can approximate AdS_7 by flat metric near center. In this case the calculation reduces to the rotating membrane in the flat space and in fact (3.17) is analogues to the string in flat space where we get Regge trajectory, E ∼ √ S. On the other hand for 1/η ≪ ν ≪ 1/ √ η one finds

E = J + ( π^2 24 )_{1/3} R^{−2}JS^{2/3} + · · · , (3.18)

while for ν ≫ 1/ √ η we get

E = J + S + 3 2π^2

R^6

S^2 J^3

+ · · · . (3.19)

Long membranes. In the long membranes limit where η → 0 one finds

κ^2 ≈ ν^2 + π^2 4η , ω^2 ≈ ν^2 + π^2 4 + π^2 4η , (3.20)

moreover S ≈ α_0 2 1 η √ ν^2 + π^2 4 + π^2 4η . (3.21)

Therefore the energy will be given by

E ≈ α_0 √ ν^2 + π^2 4η + √ ν^2 +^{π2}_{4η} √ ν^2 +^{π2}_4 +^{π2}_{4η}

S . (3.22)

– 8 –

Note that in the long membranes limit the spin is always large compare to the radius of curvature of AdS_7 space. In this limit one can expand the above expression for energy. Using (3.21) we get the following dependence of energy on spin and R-charge E − S = 3S [ 1 2 ( R^3 S )_{2/3} + 1 8 ( R^3 S )_{4/3} + · · · ] +

+ J 4 [ 1 2 J R^3 ( R^3 S )_{1/3} + J R^3 ( R^3 S )_{2/3} − 1 16 ( J R^3

)_3 (

R^3 S )_{2/3} + · · · ] . (3.23)

On the other hand for the limit in which the angular momentum on S^4 is very small, ν → 0, the above expansion reads E − S = 3S [ 1 2 ( R^3 S )_{2/3} + 1 8 ( R^3 S )_{4/3} + · · · ] , (3.24)

which can be thought as a perturbative expansion with the expansion parameter^R_{S1/3} . In fact in this limit a general form of the S dependence of E can be written as following

E = S 2 ( R S^{1/3} )_2 + 1 √ 1 + (_R S^{1/3} )_2 = S ∞∑ n=0 c_n ( R S^{1/3} )_{2n} , (3.25)

where c_n is some numerical factor. This is our prediction for the relation between energy and spin. Unfortunately our knowledge about (0,2) theory which is conjectured to be dual to the M-theory in this background [1] is too little to check this expression in the (0,2) theory side.

For the case of^π_2 ≪ ν ≪^π_{2η} we get

E − S = 2R^2S^{1/3} + 1 4 R^{−1} J^2 S^{2/3} − 1 2^6 R^{−6} J^4 S , (3.26)

while for the limit of ν ≫^π_{2η} one finds

E = J + S + 2R^4 S^{2/3} J − 2R^6 S J^2

. (3.27)

4. Conclusions

In this paper we have considered semi-classical membrane solution in the M-theory on AdS_7 × S^4 background representing a membrane rotating in AdS_7 and S^4 spaces with independent angular velocity parameters. We have studied the short and long membranes limits where we have obtained the dependence of energy,E, on spin, S, and R-charge, J. We have also shown that for the case of J → 0 while in the flat space limit the energy is proportional to √ S^3 which is analogues to the Regge trajectory in string theory, in the long membrane limit where the effects of AdS_7 are important the E − S at the leading

– 9 – order grows as S^{1/3}. In fact we have been able to write a closed form for the energy in terms of spin. This would be a prediction for the relation between energy and spin of the operators with large spin in (0,2) theory.

An other interesting limit we have considered is the limit in which a short membrane is boosted with the speed of light on S^4 space. The energy as a function of spin and R-charge is given by (3.19). Indeed this corresponds to the case where we are taking the Penrose limit of AdS_7 ×S^4 [4]. For comparison with the result of [4] we could, for example, consider the one loop approximation around the classical solution (3.3) with ω = 0. Although in this paper we have used the Nambu action all the times, it seems using this action for the one loop approximation is problematic. This is very similar to the string case [11] where the induced metric had singularity. In the string case the authors of [11] could get rid of this problem using the Polyakov action. But since in our case we have no such an action one might wonder how to find a proper action for the fluctuations around our membrane solution. A way to do this could be to write the matrix model from membrane action. Then we can compare this matrix model with one considered in [4] (see also [19]). To do this we should first fix the light-cone gauge. In the light-cone gauge the classical membrane solution (3.3) is given in terms of x^+ and x^−, which is x^+ = 2ντ , x^− = 0. Then we need to consider small fluctuations around the shrinking closed membrane

x^+ = 2ντ + x̃^+ R , ρ = ρ̃ R , x^− = x̃^− R^2

, ζ_i = ζ̃_i R , (4.1)

where ζ_i stands for other coordinates . It can be shown that the light-cone hamiltonian (see [20]) in the quadratic approximation for bosonic membrane solution given by (4.1) in the limit of R → ∞ reduces to the light-cone hamiltonian of a membrane in the PP-wave background [19].

In this paper we have considered the case in which the membranes are only stretched along the radial coordinate. But the same as [12] one could consider a more general solution where the membranes are also stretched along an angular coordinate in S^4 part.

Similarly, one could also study the classical membrane solution in AdS_4 × S^7 background of M-theory. The gravity solution of AdS_4 × S^7 in the global coordinate is given by

ds^2 =

R^2 4 [ − dt^2 cosh^2 ρ + dρ^2 + sinh^2 ρ ( dψ^2_1 + cos^2 ψ_1 dψ^2 ) + + 4 ( dα^2 + cos^2 α dΩ^2_3 + sin^2 α dΩ̃^2_3 ) ] , dΩ^2_3 = dβ^2_1 + cos^2 β_1 (dβ^2 + cos^2 β_2 dβ^2_3 )

dΩ̃^2_3 = dβ^2_4 + cos^2 β_4 (dβ^2_5 + cos^2 β_5 dβ^2_6 ) . (4.2)

For the classical membrane solution representing a boosted membrane on S^7 which is stretched along the radial coordinate and ψ_1 we will get the same results as AdS_7. This can be understood from the fact that the Penrose limits of AdS_4 ×S^7 and AdS_7 ×S^4 spaces give the same 11-dimensional PP-wave [8, 4].

– 10 –

Note added: after submiting the paper, we were informed by P. Sundell that the rotating membrane in AdS_7 × S^4 has also been studied in [18]. In fact their solution is an special case of (3.3) in which κ = 1 and ν = 0. We note, however, that for the case of ν = 0 setting κ = 1 is enough to fix the gauge while for a general form one should further impose the gauge fixing conditions (3.4) and (3.5). For the similar situation in string theory see [10] and [11, 12].

Acknowledgments

We would like to thank F. Ardalan, H. Arfaei, S. Parvizi, J. Russo, M. Sheikh-Jabbari, A. Tseytlin, H. Yavartanoo and L. Pando Zayas for useful comments and discussions.

References

[1] J.M. Maldacena, The large N limit of superconformal field theories and supergravity, Adv.

Theor. Math. Phys. 2 (1998) 231 [hep-th/9711200].

[2] S.S. Gubser, I.R. Klebanov and A.M. Polyakov, Gauge theory correlators from non-critical string theory, Phys. Lett. B 428 (1998) 105 [hep-th/9802109]; Gauge theory correlators from non-critical string theory, Phys. Lett. B 428 (1998) 105 [hep-th/9802109].

[3] E. Witten, Anti-de Sitter space and holography, Adv. Theor. Math. Phys. 2 (1998) 253 [hep-th/9802150].

[4] D. Berenstein, J.M. Maldacena and H. Nastase, Strings in flat space and pp waves from N = 4 super Yang-Mills, J. High Energy Phys. 04 (2002) 013 [hep-th/0202021].

[5] M. Blau, J. Figueroa-O’Farrill, C. Hull and G. Papadopoulos, A new maximally supersymmetric background of IIB superstring theory, J. High Energy Phys. 01 (2002) 047 [hep-th/0110242].

[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, Phys. Rev. D 65 (2002) 126004 [hep-th/0202109].

[8] M. Blau, J. Figueroa-O’Farrill, C. Hull and G. Papadopoulos, Penrose limits and maximal supersymmetry, Class. and Quant. Grav. 19 (2002) L87–L95 [hep-th/0201081].

[9] N. Itzhaki, I.R. Klebanov and S. Mukhi, pp wave limit and enhanced supersymmetry in gauge theories, J. High Energy Phys. 03 (2002) 048 [hep-th/0202153];

J. Gomis and H. Ooguri, Penrose limit of N = 1 gauge theories, Nucl. Phys. B 635 (2002) 106 [hep-th/0202157];

L.A. Pando Zayas and J. Sonnenschein, On Penrose limits and gauge theories, J. High Energy Phys. 05 (2002) 010 [hep-th/0202186];

M. Alishahiha and M.M. Sheikh-Jabbari, The pp-wave limits of orbifolded AdS_5 × S^5, Phys. Lett. B 535 (2002) 328 [hep-th/0203018];

N.-w. Kim, A. Pankiewicz, S.-J. Rey and S. Theisen, Superstring on pp-wave orbifold from large-N quiver gauge theory, hep-th/0203080;

T. Takayanagi and S. Terashima, Strings on orbifolded pp-waves, J. High Energy Phys. 06 (2002) 036 [hep-th/0203093];

– 11 –

U. Gursoy, C. Núñez and M. Schvellinger, RG flows from Spin(7), CY 4-fold and HK manifolds to AdS, Penrose limits and pp waves, J. High Energy Phys. 06 (2002) 015 [hep-th/0203124];

E. Floratos and A. Kehagias, Penrose limits of orbifolds and orientifolds, J. High Energy Phys. 07 (2002) 031 [hep-th/0203134];

S. Mukhi, M. Rangamani and E. Verlinde, Strings from quivers, membranes from Moose, J. High Energy Phys. 05 (2002) 023 [hep-th/0204147];

M. Alishahiha and M.M. Sheikh-Jabbari, Strings in pp-waves and worldsheet deconstruction, Phys. Lett. B 538 (2002) 180 [hep-th/0204174];

K. Oh and R. Tatar, Orbifolds, Penrose limits and supersymmetry enhancement,

hep-th/0205067;

Y. Hikida and Y. Sugawara, Superstrings on pp-wave backgrounds and symmetric orbifolds, J. High Energy Phys. 06 (2002) 037 [hep-th/0205200];

C.-h. Ahn, More on Penrose limit of AdS_4 × Q^{1,1,1}, Phys. Lett. B 539 (2002) 281 [hep-th/0205008]; Comments on Penrose limit of AdS_4 × M^{1,1,1}, Phys. Lett. B 540 (2002) 111 [hep-th/0205109]; Penrose limit of AdS_4 × V_{5,2} and operators with large R charge,

hep-th/0206029;

S.G. Naculich, H.J. Schnitzer and N. Wyllard, pp-wave limits and orientifolds,

hep-th/0206094.

[10] S.S. Gubser, I.R. Klebanov and A.M. Polyakov, A semi-classical limit of the gauge/string correspondence, Nucl. Phys. B 636 (2002) 99 [hep-th/0204051].

[11] S. Frolov and A.A. Tseytlin, Semiclassical quantization of rotating superstring in AdS_5 × S^5, J. High Energy Phys. 06 (2002) 007 [hep-th/0204226].

[12] J.G. Russo, Anomalous dimensions in gauge theories from rotating strings in AdS_5 × S^5, J.

High Energy Phys. 06 (2002) 038 [hep-th/0205244].

[13] A. Armoni, J.L.F. Barbon and A.C. Petkou, Orbiting strings in AdS black holes and N = 4 SYM at finite temperature, J. High Energy Phys. 06 (2002) 058 [hep-th/0205280].

[14] G. Mandal, N.V. Suryanarayana and S.R. Wadia, Aspects of semiclassical strings in AdS_5,

hep-th/0206103.

[15] E. Bergshoeff, E. Sezgin and P.K. Townsend, Supermembranes and eleven-dimensional supergravity, Phys. Lett. B 189 (1987) 75.

[16] D.S. Bak, Supersymmetric branes in pp wave background, hep-th/0204033.

[17] K. Sugiyama and K. Yoshida, Supermembrane on the pp-wave background, hep-th/0206070;

BPS conditions of supermembrane on the pp-wave, hep-th/0206132.

[18] E. Sezgin and P. Sundell, Massless higher spins and holography, hep-th/0205131.

[19] K. Dasgupta, M.M. Sheikh-Jabbari and M. Van Raamsdonk, Matrix perturbation theory for M-theory on a pp-wave, J. High Energy Phys. 05 (2002) 056 [hep-th/0205185].

[20] B. de Wit, K. Peeters and J. Plefka, Superspace geometry for supermembrane backgrounds, Nucl. Phys. B 532 (1998) 99 [hep-th/9803209].

– 12 –