arXiv:1112.6299v2 [hep-th] 3 Apr 2012

Correlators of Giant Gravitons from dual ABJ(M) Theory

Shankhadeep Chakrabortty^{∗1} and Tanay K. Dey^{‡2}

∗Institute of Physics, Bhubaneswar 751 005, INDIA

‡Departamento de Física de Altas Energías, Instituto de Ciencias Nucleares, Universidad Nacional Autónoma de México, Apartado Postal 70-543, México D.F. 04510, México

ABSTRACT

We generalize the operators of ABJM theory, given by Schur polynomials, in ABJ theory by computing the two point functions in the free field and at finite (N_1, N_2) limits. These polynomials are then identified with the states of the dual gravity theory. Further, we compute correlators among giant gravitons as well as between giant gravitons and ordinary gravitons through the corresponding correlators of ABJ(M) theory. Finally, we consider a particular non-trivial background produced by an operator with an R-charge of O(N^2) and find, in presence of this background, due to the contribution of the non-planar corrections, the large (N_1, N_2) expansion is replaced by 1/(N_1 + M) and 1/(N_2 + M) respectively.

1e-mail: sankha@iopb.res.in 2e-mail: tanay.dey@nucleares.unam.mx

1 Introduction

Strongly coupled gravity is generally very difficult to study. Perturbative analysis fails and there are no systematic approaches to study gravity. Consequently questions related to transitions among brane like objects called giant gravitons[1, 2, 3, 4], or even between giant gravitons and small ordinary gravitons become difficult to address within conventional frame work. However, the AdS/CFT correspondence[5, 6, 7, 8] offers a systematic way to study these transitions via proper identifications between the states in the gravity theory and the tractable relevant operators of the dual gauge theory. According to this conjecture, the gravitons of the gravity theory are identified with the single trace operators of the N = 4, SU(N) super Yang-Mills gauge theory having R-charge of the order one[7] and initially, the giant gravitons which are only wrapped up in the S^5 component of the AdS_5 × S^5 geometry are identified with the sub-determinant operators having R-charge of the order N[9]. Subsequently, the giant gravitons expanded inside any one of the S^3 of AdS_5 or S^5 components of the same geometry are holographically mapped to the operators known as Schur polynomials[10, 11, 12]. All these operators are built out of the fields in the Yang Mills supermultiplet and are labeled by Young diagrams with boxes equal to the R-charge of the operators. In particular, the single giant graviton wrapped inside the S^5 component is mapped into the single column Young diagram with maximum N number of rows, whereas the same wrapped inside the AdS_5 component can be associated with the single row Young diagram without any bound on the number of columns. The restricted Schur polynomials describe the excited giant gravitons[13, 14, 15, 16, 17].

The gauge theory computations[9, 10], dual to the non perturbative bulk transitions among giant gravitons as well as transitions between giant gravitons and small gravitons are based on two normalization prescriptions: one is called overlap of state normalization and the other one is called multi-particle normalization. The first normalization scheme gives rise to the transition amplitudes with magnitude less than or equal to one and hence has a natural probabilistic interpretation. The second one gives rise to the amplitudes that have unbounded growth in N, spoiling a naive probabilistic interpretation. The problem is resolved in [18], using the full space-time dependence of the correlators. Due to the presence of space-time dependence, the normalization factors of the correlators on manifolds of non-trivial topologies have brought the importance of the CFT factorization equations, directly into the picture. CFT factorization relates appropriate normalization with the genus number of the manifold.

Recently, as a new candidate for AdS/CFT duality the so-called ABJM model named after Aharony, Bergman, Jafferis and Maldacena[19](see also [20, 21, 22] for further results) is discovered. Recognising that this theory may help us understand physics of multiple M2 branes, several investigations have been carried out to analyze ABJM theory. In this model duality holds between the M theory on AdS_4 ×S^7/Z_k and N = 6 super Chern-Simons theory on the 3-dimensional boundary of the AdS space. The ABJM model is deemed to be the world volume theory of N number of M2-branes stack at the singularity of the orbifold C^4 /Z_k. The parameter k denotes the Chern- Simons level. For large k, the 11-dimensional supergravity reduces to 10-dimensional IIA super string theory on AdS_4 × C P^3. The gauge group of this three dimensional Chern-Simons matter theory is U(N)_k × U(N)_{−k}. The field content of the theory includes four complex scalar fields (A_1, A_2, B^†_1, B^†_2) with conformal dimension and R-charge both equal to 1/2. These fields are N × N matrices transforming in the bi-fundamental representation of the gauge group. This theory enjoys a sensible large N expansion like N = 4 SYM theory where the large N expansion parameter is 1/N.

Immediately after, as a further generalization, another model is proposed by Aharony, Bergman, Jafferis[23]) and named as ABJ model, by modifying, ABJM gauge group U(N)_k ×U(N)_{−k} to U(N_2)_k ×U(N_1)_{−k} for the same Chern-Simons matter fields, with N_2 ≥ N_1. The matter fields here are given by a rectangular matrices of dimension N_1 × N_2. In the gravity dual, the brane construction is equivalent to the low energy theory of (N_2 −N_1) fractional M2-branes sitting at the C^4 /Z_k singularity in one sector and N_1 M2 branes freely moving around on the other. The geometric structure of the gravity remains the same as in ABJM theory, with only an additional discrete holonomy of the M theory 3-form field on a torsion 3-cycle in S^7/Z_k and a two form B_{NS} holonomy turned on over C P^1 ⊂ C P^3. On the field theory side, this generalization is classically straightforward and still enjoys N = 6 superconformal symmetry. However the quantum consistency of the theory requires the bound |N_2 − N_1| ≤ |k| and unlike ABJM theory, this theory has two large N expansion parameters 1/N_1 and 1/N_2.

The study of M theory or their IIA descendants from the dual free field regime has been initiated in [24, 25, 26] by constructing the half-BPS operators for small R-charge. Like the N = 4 SYM theory, these operators are also labeled by Young tableaux. The number of boxes in the Young tableaux are equal to the R-charge of the corresponding operator. These half-BPS operators are well described by single trace operators and are to be identified with the giant gravitons of the dual gravity theory constructed in [27, 28, 29, 30, 31, 32]. In AdS_4 × S^7/Z_k, these giant gravitons are either spherical M2-brane growing in the AdS_4 or M5-brane wrapping an S^5 ⊂ S^7. Whereas for AdS_4 × C P^3, the M2-brane is replaced by a D2-brane growing into AdS_4 and instead of M5-brane, D4-brane wrapping on some circle of C P^3. The single giant graviton nested in AdS_4 is described by an operator labeled by a Young tableau of one row with unrestricted number of columns and the same wrapped on C P^3 is described by a Young tableau which has one column and maximum number of rows given by the smallest of N_1, N_2.

In [33], it is shown that, for the ABJM model, if the R-charge of the gauge operator is greater than N^{2/3}, the role of single trace operators is replaced by Schur polynomials. Although in the current setting, the Schur polynomials do not provide a complete basis to study the gauge theory, they diagonalize the two point function in the free field limit. These operators are very useful to study the large N expansion associated with the theory for both trivial and non-trivial backgrounds. For non-trivial background produced by an operator with R-charge of the order of N^2, large N expansion becomes 1/(N + M), where M is the number of columns in the representing Young diagram of the operator[39, 40, 41] and is of the order N. It is natural to expect the same phenomena will be repeated for the ABJ theory also. This is what we aim to demonstrate in this paper. We first extend our study to construct the correct gauge invariant operator in the ABJ theory by generalizing the Schur polynomial constructed for ABJM theory. We then find out the the realization of the duality between giant gravitons and the Schur polynomials as the gauge invariant operators for both ABJ(M) theory. Further, we study the transition probabilities among giant gravitons as well as between giant gravitons and ordinary gravitons by analyzing the corresponding gauge theory correlators ( constrained to the appropriate normalization prescribed in [18] ). Finally, we work out the modification of the large N expansions in presence of the non-trivial background.

This paper is organized as follows: in section 2, we generalize the Schur polynomials of ABJM theory for ABJ theory and also identify them with the gravitons and giant gravitons of the dual gravity theory. With the aim of finding out the transition probability among giant gravitons and between giants and gravitons we discuss CFT factorization and its interpretation as probability in section 3. Appropriate transition probability needs to know the genus number of the manifold. In section 4, 5 and 6 we compute probability on genus zero, one and higher genus among the different states of the gravity and in section 7 we enumerate the same results for ABJM theory. We also study the large N expansions in non-trivial background in section 8. Finally, we conclude in section 9.

2 Schur Polynomial

In this section we generalize the Schur polynomial of the ABJM theory to the one for the ABJ theory. With this goal in mind, we closely follow the derivation of the Schur polynomial of ABJM theory keeping track of whether the gauge indices are associated with the gauge groups, U(N_1) or U(N_2). Depending on the choice of the gauge group, contraction of the gauge indices gives rise to the factors associated with either N_1 or N_2. Following the logic as described in [33], we can write down the simplest gauge invariant half-BPS operator as ∏ n_i [Tr((AB

†)^l)]^{ni} . We consider the compact notation A and B to depict the four complex scalars A_1, A_2 and B_1, B_2 respectively. Since these complex scalar fields transform under the bi-fundamental representation of the gauge group, therefore in the matrix notation, we can write A and B^† in the following way A^i_j and (B^†)^j_i .

Unlike ABJM now i and j are gauge indices of U(N_1) and U(N_2) respectively. Here l counts the amount of R-charge of the operator. According to [24, 25], these operators are represented by Young tableaux consisting of boxes equal to the number of (AB^†) fields and at most the smallest of (N_1, N_2) rows. In [33] we have shown that single trace operators are not valid basis to study the ABJM gauge theory in the large R-charge limit. The correct description of the gauge theory operators are Schur polynomials. Therefore to check the validity of the single trace operator in this theory, following [9, 33], we compute the 3-point function of two different operators. In the leading order the result is ⟨ O_1O^†_2 ⟩ √⟨ O_1O^†_1 ⟩√⟨ O_2O^†_2 ⟩ ∼ √ ll_1l_2 N_1 + √ ll_1l_2 N_2

. (1)

Where

O_1 = Tr ( (AB^†)^l ) and O_2 = Tr ( (AB^†)^{l1} ) Tr ( (AB^†)^{l2} ) with l_1 + l_2 = l.

To compute this three point function we use the basic Wick contraction between two fields. One simple example of this contraction is ⟨ Tr ( AB^† ) Tr ( A^†B )⟩ = ⟨ A^{i1}_{j1} B^{†j1}_{i1} A^{†j2}_{i2} B^{i2}_{j2} ⟩ = δ^{i1}_{i2} δ^{j2}_{j1} δ^{j1}_{j2} δ^{i2}_{i1} = N_1N_2.

Since i and j are the gauge indices of U(N_1) and U(N_2) group respectively, the sum over i gives N_1 and the same over j gives N_2. However, we drop the space-time dependence in this computation, we can easily bring them back when needed. The result of the three point function says that at large (N_1, N_2) it vanishes if the factor √ ll_1l_2 is less than (N_1, N_2) and diverges otherwise. Therefore like ABJM model, in this case also, the trace operator will be the gauge invariant operator if R-charge l is less than the smaller one between N^{2/3}_1 or N^{2/3}_2 . However, we should remember that we have just computed one specific three point function and not the most general correlator of the theory. The BMN type analysis in N = 4 super Yang-Mills theory as well as ABJM theory is more exhaustive to conclude about the limit of the Rcharge[34, 35]. These study suggest that it must be less than √ N to suppress the non-planar corrections those are important even before R-charge gets to N^{2/3}. Thus we rather say that if R-charge of the operator in the ABJ(M) theory is greater than the smallest of ( √ N_1, √ N_2), for the correct description, we need a new basis and our natural choice is Schur polynomial given by

χ_R(AB^†) = 1 n! ∑ σ∈S_n χ_R(σ)Tr ( σ(AB^†) ) (2) where R is the representation of a specific Young diagram with n boxes. This Young diagram labels both the representation of unitary gauge group and symmetric group S_n. χ_R(σ) is the character or trace of the element σ ∈ S_n in the representation R.

The two point function for this theory can easily be calculated using the same procedure of [10, 33]. The result of the two point function of our interest is ⟨ χ_R(AB^†)χ_S (A^†B) ⟩ = ( n! Dim_{N1} (S) d_S )( n! Dim_{N2} (S) d_S ) δ_{RS} = f^{N1}_S f^{N2}_S δ_{RS} . (3)

Here R and S represent the Young diagrams with n number of boxes for symmetric group S_n. d_S is the dimension of a representation S of the permutation group S_n.

Dim_{N1} (S) and Dim_{N2} (S) are the dimensions of the representation of the unitary group U(N_1) and U(N_2) respectively. f^{N1}_S and f^{N2}_S are the product of the weights of the same Young diagram but for the gauge group U(N_1) and U(N_2) respectively. In this calculation we suppress the space-time dependence. The presence of delta function says that Schur polynomials satisfy the orthogonality condition in the free field limit and therefore these Schur polynomials are the correct gauge invariant operators to study the ABJ(M) theory for large R-charge. Recall that for usual Schurs in N = 4 super Yang-Mills theory, if we have more than N boxes in a column the product of weights vanishes[10]; this is the stringy exclusion principle of AdS_5[36]. Equation(3) shows a similar behavior for ABJ(M) theory. When the number of boxes is more than the smallest of (N_1, N_2) the two point correlator and, hence, the operator vanish. Thus it is the smallest of (N_1, N_2) which sets the bound on the stringy exclusion principle.

In order to bring back the space-time dependence of the two point function we first find out the Green’s function G(x − y) for three dimensional gauge theory. This Green’s function is the solution of the differential equation

Δ_xG(x − y) = −δ^3(x − y). (4)

The solution is given by G(x − y) = 1 4π|x − y| . (5)

Therefore the above two point function, with space-time dependence included, takes the form ⟨ χ_R(AB^†)(x)χ_S (A^†B)(y) ⟩ = f^{N1}_S f^{N2}_S δ_{RS} ( 4π|x − y| )_{2ΔR} (6)

where Δ_R is the conformal dimension of the operator χ_R(AB^†).

The three point and multi point functions can easily be calculated from this two point function by using the product rule of Schur polynomials. The product rule of Schur polynomials is as follows

χ_{R1} (AB^†)χ_{R2} (AB^†) = ∑ S g(R_1, R_2; S)χ_S(AB^†). (7)

Here the Littlewood-Richardson number g(R_1, R_2; S) counts the number of times irreducible representation S appears in the direct product of irreducible representations

R_1 and R_2. By repeated use of this product rule we can write the direct product of χ_{R1} (AB^†)χ_{R2} (AB^†) · · · χ_{Rl} (AB^†) as [14] l∏ i=1 χ_{Ri} (AB^†) = ∑ S_1,S_2···S_{l−2},S g(R_1, R_2; S_1)g(S_1, R_3; S_2) · · · g(S_{l−2}, R_l; S)χ_S(AB^†) = ∑ S g(R_1, R_2 · · · R_l; S)χ_S(AB^†). (8)

By using this product rule we can have the three point function as ⟨ χ_{R1} (AB^†)(x_1)χ_{R2} (AB^†)(x_2)χ_S (A^†B)(y) ⟩ = g(R_1, R_2; S)f^{N1}_S f^{N2}_S {4π(y − x_1)}^{2ΔR}1 {4π(y − x_2)}^{2ΔR}2 (9) where Δ_{R1} and Δ_{R2} are conformal dimensions of the operator χ_{R1} (AB^†) and χ_{R2} (AB^†). Combination of these two conformal dimensions gives the conformal dimension of χ_S (A^†B). Similarly we can find out the multi point function as ⟨ χ_{R1} (AB^†)(x_1)χ_{R2} (AB^†)(x_2) · ·χ_{Rl} (AB^†)(x_l)χ_{S1} (A^†B)(y)χ_{S2} (A^†B)(y) · ·χ_{Sk} (A^†B)(y) ⟩

= ∑ S g(R_1, R_2 · · · R_l; S) f^{N1}_S f^{N2}_S g(S_1, S_2 · · · S_k; S) {4π(y − x_1)}^{2ΔR}1 · · · {4π(y − x_l)}^{2ΔR}l . (10)

The class of correlators that we study here are the analog of the extremal correlators of the N = 4 super Yang-Mills theory. Motivated by our experience with N = 4 super Yang-Mills theory, we make a guess that these correlators are the exact answer i.e. they will not receive any higher loop corrections in the ’tHooft coupling. We need to compute the Feynman graphs to confirm the guess. As before, Δ_{R1} · · · Δ_{Rl} are the conformal dimensions of χ_{R1} (AB^†) · · · χ_{Rl} (AB^†) and the sum of these conformal dimensions gives the total conformal dimension of the representation S.

According to [24, 25, 26] trace operators are identified with the giant gravitons of the dual gravity theory and the R-charge of the operators with the angular momentum of the giant gravitons. The trace operator represented by a single row Young diagram is mapped into the giant graviton which grows within the AdS part of the geometry and is called as AdS giant and the operator corresponding to Young diagram of single column with maximum number of boxes equal to the smallest of (N_1, N_2) is mapped into the giant graviton which wraps in S^7 or C P^3, and is called as sphere giant. Similarly we can also map this Schur polynomial with the giant graviton of the dual gravity theory. The Schur polynomial associated with Young diagram of single column i.e. fully antisymmetric representation of symmetric group S_n with at most the smallest of (N_1, N_2) number of boxes is mapped into a sphere giant and the operator represented by single row Young diagram i.e. fully symmetric representation of the same group corresponds to an AdS giant. In this paper following[18], we use the notation χ_{[L]} for the AdS giant and χ_{[1}L_] for the sphere giant with angular momentum of L units. If the sphere giant brane wraps k times, the corresponding Schur polynomial will have Young diagram of k number of columns whereas the number of boxes associated with each of them is of the same order as the smaller one between N_1 and N_2. For the k number of wrapping of AdS giant within the circle of AdS the corresponding Young diagram will have k number of rows where the maximum value of k can be the smallest of (N_1, N_2). Schur polynomial represented by Young Diagram R associated with small R-charge, i.e conformal dimension Δ_R = O(1) is associated with KK state of the gravity. They can be written as sums of products of small numbers of traces.

By using this mapping we can compute the gravity correlators between KK states, giant gravitons and among KK states and giant gravitons from the corresponding gauge theory correlators. These correlators give the probability for the state created by the operator at a particular point of the space-time to evolve into the state created by another operator at different point of the space-time by proper normalization. Therefore, it is very crucial to normalize the gauge theory correlators in a consistent way to get the probability less than 1. In the literature, there exist two types of normalization[18], namely the overlap of state normalization and the multi particle normalization. Both prescriptions consist of two parts, one depends on gauge indices and other is a function of space-time coordinates of involved operators. Without the space-time dependence, the first scheme gives the probabilities within one but the second procedure suffers from growth in N. However by including the space-time part, the problem is resolved in [18]. So to figure out the normalization factor, we need to know the topology of the space on which the operators live. In conformally invariant field theories, the analysis of correlators on different topologies and the relation between them is generically known as CFT factorization leading to factorization equations and inequalities in the specific dimension. In the next section we briefly review the CFT factorization for different topologies and interpret a normalized version of this as the probability.

3 From CFT factorization to probability interpretation

This section generalizes the discussion of [18] to ABJ(M) theory. Factorization can be explained in the following intuitive way. We consider a manifold M with two operator insertions and compute the corresponding correlator Z_M . Now we cut the manifold M along a boundary B into two constituent manifolds, M_1, M_2 with one operator insertion in each and compute the correlators Z_{M1} and Z_{M2} accordingly, constrained to the fact that all possible boundary configuration should be taken into account. The CFT factorization suggests,

Z_M = ∑ B Z_{M1} (B) × Z_{M2} (B). (11)

In the context of overlap state normalization we consider a manifold S^3 with two operator insertions. Then we cut it into two manifolds with one boundary B having one operator in each as depicted in fig 1. Now the factorization in conformal field

PSfrag replacements

Figure 1: The operator insertions are represented by cross marks.

theory relates this n-point correlator to lower point correlator as ⟨ O^†(x^∗)O(x) ⟩ = ∑ B ⟨ O^†(x^∗)B(y) ⟩⟨ B^†(y^∗)O(x) ⟩ ⟨ B^†(y^∗)B(y) ⟩ (12)

where O^′s and B^′s are the local operators defined on the manifold of interest and on the boundary cut respectively. While defining equation(12) we assume that we are working in a basis which diagonalizes the metric on the space of local operators and the conjugation operation is executed by reversing the Euclidean time coordinate. This can be generalized for the extremal correlators where the operators are localized at number of different points: ⟨ O^†_1(x^∗_1)O^†_2(x^∗_2) · · · O^†_k(x^∗_k)O_1(x_1)O_2(x_2) · · · O_k(x_k) ⟩ = ∑ B

⟨ O^†_1(x^∗_1)O^†_2(x^∗_2) · · · O^†_k(x^∗_k)B(y) ⟩⟨ B^†(y^∗)O_1(x_1)O_2(x_2) · · · O_k(x_k) ⟩ ⟨ B^†(y^∗)B(y) ⟩ . (13)

Now it is straightforward to promote equation (13) into the probability interpretation by dividing both sides of (13) by the left hand side of the same equation and thus we get

1 = ∑ B

| |⟨O_{†1}(x_{∗1})O_{†2}(x_{∗2}) · · · O_{†k}(x_{∗k})B(y)⟩ | |^2 ⟨ O^†_1(x^∗_1)O^†_2(x^∗_2) · · · O^†_k(x^∗_k)O_1(x_1)O_2(x_2) · · · O_k(x_k) ⟩⟨ B^†(y^∗)B(y) ⟩. (14)

We call P as the probability for O_1(x_1)O_2(x_2) · · · O_k(x_k) to evolve into B. P ( O_1(x_1)O_2(x_2) · · · O_k(x_k) → B(y) ) = | | |O^†1(x^∗1)O^†2(x^∗2) · · · O^†k(x^∗k)B(y)⟩ | | |^2 ⟨ O^†_1(x^∗_1)O^†_2(x^∗_2) · · · O^†_k(x^∗_k)O_1(x_1)O_2(x_2) · · · O_k(x_k) ⟩⟨ B^†(y^∗)B(y) ⟩. (15)

The above formula (15) for probability is based on the notion of overlap state normalization. If we replace the state |B(y)⟩ by |B(y_1)B(y_2)⟩, the probability will not correspond to the separate measurement of the operators B(y_1) and B(y_2).

The extension of this idea for the probability interpretation of separate measurements or multi particle normalization needs correlator on higher topology. For two separate measurements, unlike the case of overlap state normalization we take a manifold S^1 × S^2 with genus-1 and 2k number of operator insertions. Then cut out two boundaries B_1 and B_2 in such a way that both manifolds have k number of operator insertions as in fig 2.

PSfrag replacements

Figure 2: In this figure k number of operator insertions represented by a single mark.

Now for the n-point correlator, the factorization equation takes the following form ⟨ O^†_1(x^∗_1)O^†_2(x^∗_2) · · · O^†_k(x^∗_k)O_1(x_1)O_2(x_2) · · · O_k(x_k) ⟩ G=1 = ∑ B_1,B_2

⟨ O^†_1(x^∗_1) · · · O^†_k(x^∗_k)B_1(y_1)B_2(y_2) ⟩⟨ B^†_2(y^∗_2 )B^†_1(y^∗_1)O_1(x_1) · · · O_k(x_k) ⟩ ⟨ B^†_1(y^∗_1)B_1(y_1) ⟩⟨ B^†_2(y^∗_2)B_2(y_2)

⟩ (16)

where O’s are again the local operators defined on the genus-1, S^1 × S^2 manifold of interest whereas B_1’s and B_2’s are the local operators defined on the boundary cut B_1 and B_2 respectively. Then the probability interpretation arises in the same fashion P ( O_1(x_1)O_2(x_2) · · · O_k(x_k) → B_1(y_1)B_2(y_2) ) = ∑ B_1,B_2

| | |O^†1(x^∗1) · · · O^†k(x^∗k)B1(y1)B2(y2) | | |^2 ⟨ O^†_1(x^∗_1) · ·O^†_k(x^∗_k)O_1(x_1) · ·O_k(x_k) ⟩ G=1 ⟨ B^†_1(y^∗_1)B_1(y) ⟩⟨ B^†_2(y^∗_2)B_2(y_2) ⟩.(17)

It is interesting to note that to formulate the probability interpretation for multiple number of separate measurements we need higher genus factorization.

Therefore depending on the number of measurements or number of out going states or operators we have to consider the appropriate topology of the space on which the operators live to find out the transition probability among the states of the gravity. Keeping this lesson in our mind we compute few probabilities in the forthcoming sections.

4 Sphere Factorization

In this section, we want to find out the probability of getting one state from the different number of states of the gravity. Thus we should use the genus zero factorization. To do that first we consider two S^3 manifolds. By cutting out a 3-ball of unit radius around the origin of each one, we map them in two separate R^3 spaces described by the set of coordinates (r, Ω_{2,r}) and (s, Ω_{2,s}) respectively. The metrics in the R^3 spaces take the following forms,

ds^2_r = dr^2 + r^2dΩ^2_{,r} and ds^2_s = ds^2 + s^2dΩ^2_{,s}. (18)

Finally, we glue these two manifolds by using rs = 1 to get the genus zero manifold of our interest. In this manifold, the most general formula for the probability can be written as P ( R_1(r = e^{x1} ) · · · R_k(r = e^{xk} ) → R(r = 0) )

= ⟨ R^†_1(s = e^{x1} ) · · · R^†_k(s = e^{xk} )R(r = 0) ⟩⟨ R^†(s = 0)R_k(r = e^{xk} ) · · · R_1(r = e^{x1} ) ⟩ ⟨ R^†_k(s = e^{x1} ) · · · R^†_1(s = e^{xk} )R_1(r = e^{xk} ) · · · R_k(r = e^{x1} ) ⟩⟨ R^†(s = 0)R(r = 0)

⟩. (19)

Notice that in this formula we have considered final operator at r, s = 0 instead of r = s = 1. To consider that we first replaced the operators at r = s = 1 by their corresponding states via operator/state correspondence. We then evolved the states up to r, s = 0 by doing the path integral over the unit disc. Since in these regions there are no operator insertions, in the end result states differ by a scale factor only. The scaling factor of state in r space is exactly canceled by the scale factor arises by evolving state in s space. Finally we again replaced the states as their dual operators at r, s = 0 (for details see [18]).

Before going to find out the probability for a specific case, we first compute few useful correlators which will be used in our later computations. From now we suppress the angular dependence part in most of the computations since the angles, in all of the gluings, are identified trivially. Most of the time, we also abbreviate χ_R(AB^†) and χ_R(A^†B) as R and R^†. First we like to find out the two point function of two Schur polynomials, one in each S^3 with a cut-out of 3-ball those are glued together to construct the manifold of our interest. The two point function of interest is

⟨R^†(s = 0)R(r = 0)⟩ (20)

with s = 1/r and R^† is a conformal primary operator. To calculate the correlator we should bring the operator R^† in the r coordinate frame. Under this coordinate change, the metric of R^3_s changes as

ds^2 + s^2dΩ^2_{,s} → 1 r^4

(dr^2 + r^2dΩ^2_{,r}) (21)

and so the operator R^† transform as

R^†(s) → Ω(r)^{−Δ/2}R^†(r) = r^{2Δ}R^†(r) (22)

where Ω(r) = 1/r^4 and Δ is the conformal dimension of the operator R^†. Now we are ready to compute the above correlator which is also called Zamalodchikov metric of the conformal field theory. The result is

⟨R^†(s = 0)R(r = 0)⟩ = lim_{r0→∞}⟨r^{2Δ}_0 R^†(r = r_0)R(r = 0)⟩

= lim_{r0→∞}

[ r2Δ_0 f N1_R f N2_R (4π|0 − r_0|)^{2Δ} ]

= f^{N1}_R f^{N2}_R (4π)^{2Δ}

. (23)

We would also like to find out this correlator:

A^1_M = ⟨Tr(AB^†)^M Tr(A^†B)^M ⟩. (24)

We find out this by writing down a recursion relation. Choose one trace from Tr(AB^†)^M and contract the involved fields A and B^† with the fields A^† and B of the other trace Tr(A^†B)^M . We can do this in two ways: firstly, A and B^† contract with A^† and B fields of the same trace of Tr(A^†B)^M and give N_1N_2. There lies M number of choices since there is M number of traces. In the second way, B^† does not contract with B field of trace where A^† is already contracted with A. So for this way, A field has again M number of choices but for the B^† there are (M − 1) choices. For both ways, at the end (M − 1) number of traces will be left out. So we can write the above correlator through this recursion relation

A^1_M = ( MN_1N_2 + M(M − 1) ) A_{M−1} = M(N_1N_2 + M − 1)A_{M−1} = M!

(N_1N_2 + M − 1)!

(N_1N_2 − 1)!

. (25)

Finally, before going to the main computation, we compute the correlator like

A^J_M = ⟨Tr((AB^†)^J )^M Tr((A^†B)^J )^M ⟩. (26)

Since exact computation is difficult, we restrict the analysis up to leading order where JM << N_1N_2 and the result is

A^J_M = ⟨Tr((AB^†)^J )^M Tr((A^†B)^J )^M ⟩ = J^M M!(N_1N_2)^{JM} . (27)

By using the above correlators, we first calculate the probability to get one giant graviton from two giant gravitons of angular momentum N_1/2. The formula in equation(19) reduces to P ( R_1(r = e^x), R_2(r = e^x) → R(r = 0) )

= | |⟨R^†_1(r = e^x)R^†_2(r = e^x)R(r = 0)⟩ | |^2 ⟨R^†_2(s = e^x)R^†_1(s = e^x)R_1(r = e^x)R_2(r = e^x)⟩⟨R^†(s = 0)R(r = 0)⟩ = g (R_1, R_2; R)^2 [ f^{N1}_R f^{N2}_R

]_2 e^{−4N1x}(4π)^{−4N1} ∑ S g (R_1, R_2; S)^2 f^{N1}_S f^{N2}_S e^{−2N1x}(4π)^{−2N1} (e^x − e^{−x})^{−2N1} f^{N1}_R f^{N2}_R (4π)^{−2N1}

.(28)

Here we have considered R_1 and R_2 at the same position, so that the normalization factor in the denominator is an extremal correlator. We also consider the large x limit to maximize the distance between the operators R_1 and R_2 from R. It gives the probability which is space-time independent. Thus, at large x limit, we get

P (R_1, R_2 → R) = f^{N1}_R f^{N2}_R ∑ S g (R_1, R_2; S)^2 f^{N1}_S f^{N2}_S

. (29)

The fusion of the two sphere giants (two vertical Young diagrams of length N_1/2) gives a sum of representations, with column lengths (N_1/2 + i, N_1/2 − i). Hence the denominator can be written as N_1/2∑

i,j=0 N_1!(N_1 + 1)!

(N_1/2 − i)!(N_1/2 + i + 1)!

N_2!(N_2 + 1)!

(N_2 − N_1/2 − j)!(N_2 − N_1/2 + j + 1)!

. (30)

By straightforward simplification we arrives at the final expression for the probability of sphere giant ∼ e^− [_{(2N2+ 3}

2 ) log(1+^1_{N2} )+(N_2−N_1+^1_2 ) log(1−^{N1}_{N2} )+(N_1−2N_2−^3_2 ) log(1−^{N1}_{2N2} )+2N_1 log(2)−2 ] . (31)

Similarly for AdS giant, the denominator will be N_1/2∑

i,j=0 (3N_1/2 + i − 1)!(3N_1/2 − i − 2)!

(N_1 − 1)!(N_1 − 2)!

(N_2 + N_1/2 + j − 1)!(N_2 + N_1/2 − j − 2)! (N_2 − 1)!(N_2 − 2)! . (32) Since, in the sum the f^{N1}_R f^{N2}_R is included, the probability becomes less than 1.

Let us consider one sphere giant graviton produced by the combination of N_1 number of KK gravitons of angular momentum 1. From now, we assume that N_1 is less than

N_2. Since these KK gravitons are with angular momentum 1, we should write them in terms of trace operators. Thus we write the probability as P ( Tr(AB^†)^{N1} (r = e^x) → χ_{[1}N_{1 ]}(AB^†)(r = 0) )

= | | |⟨Tr(A^†B)^{N1} (r = e^x)χ_{[1}N1_](AB^†)(r = 0)⟩ | | |^2 ⟨Tr(A^†B)^{N1} (s = e^x)Tr(AB^†)^{N1} (r = e^x)⟩⟨χ_{[1}N_{1 ]}(A^†B)χ_{[1}N_{1 ]}(AB^†)⟩

. (33)

Since in the numerator one side of the correlator is in Schur basis, we should change our trace operator in to Schur polynomial and we do that by the formula derived in[37] Tr((A^†B)^n) = ∑ R χ_R(σ)χ_R(A^†B) (34)

where R is the representation of the symmetric group S_n and χ_R(σ) is the character of a cycle of length n[38]. By doing this one can write the trace operator with unit R-charge that corresponds to a single box Young diagram as

Tr(A^†B) = χ_R(A^†B).

Therefore we can write N_1 number of KK graviton with angular momentum 1 as ( Tr(A^†B) )_{N1} = ( χ_R(A^†B) )_{N1} = ∑ S g(R_1 · · · R_{N1} ; S)χ_S (A^†B). (35)

Finally, by replacing trace basis as Schur basis in the numerator, we have the probability P ( Tr(AB^†)^{N1} (r = e^x) → χ_{[1}N_{1 ]}(AB^†)(r = 0) )

= | |⟨∑_S g(R_1 · · · R_{N1} ; S)χ_S(A_†B)(r = e_x)χ_{[1N1 ]}(AB_†)(r = 0)⟩ | |^2 ⟨Tr(A^†B)^{N1} (s = e^x)Tr(AB^†)^{N1} (r = e^x)⟩⟨χ_{[1}N_{1 ]}(A^†B)χ_{[1}N_{1 ]}(AB^†)⟩ = [ f^{N1}_{[1N1 ]}f^{N2}_{[1N1 ]}

]_2 e^{−4N1x}(4π)^{−4N1} N_1!^{(N1N2+N1−1)!}

(N_1N_2−1)! e −2N_1x(4π)−2N_1 (ex − e−x)−2N_1 f N1 [1^N1 ]f

N_2 [1^N1 ](4π)

−2N_1 .

In the second line we use the fact that two point function is finite when representation S is same with the representation of the sphere giant. Thus the contributing Littlewood-Richardson number is only g(R_1 · · · R_{N1} ; [1^{N1} ]) which has value 1. Again at large x limit probability reduces to P ( Tr(AB^†)^{N1} (r = e^x) → χ_{[1}N_{1 ]}(AB^†)(r = 0) )

= [ f^{N1}_{[1N1 ]}f^{N2}_{[1N1 ]} ] N_1!^{(N1N2+N1−1)!}

(N_1N_2−1)! = N_1!N_2!

(N_2−N_1)!

N_1!^{(N1N2+N1−1)!}

(N_1N_2−1)! = N_2!

(N_2 − N_1)!

(N_1N_2 − 1)!

(N_1N_2 + N_1 − 1)!

∼ e^{−[N1+ N1N}2^{− 12N}2^{+N1 log(N1)+(N2−N1+ 12 ) log(1− N1N}2^{)]}. (36)

Similarly to produce an AdS giant from N_1 number of KK gravitons with angular momentum 1 we will have the probability P ( Tr(AB^†)^{N1} (r = e^x) → χ_{[N1]}(AB^†)(r = 0) )

= (2N_1−1)!(N_2+N_1−1)!

(N_1−1)!(N_2−1)!

N_1!^{(N1N2+N1−1)!}

(N_1N_2−1)! = (2N_1 − 1)!(N_2 + N_1 − 1)!(N_1N_2 − 1)! (N_1 − 1)!(N_2 − 1)!N_1!(N_1N_2 + N_1 − 1)!

∼ π^{− 12} e^− [_{N1+ N1} N2 −^1_{2N2} +(N_1+^1_2 ) log(N_1)−(N_1 +N_2−^1_2 ) log(1+^{N1}_{N2} )−(2N_1 −1) log(2) ] . (37)

Now consider a combination of L/J number of gravitons with angular momentum J < √ N_1, resulting into a sphere giant of angular momentum L. So the probability for this transition will be P ( Tr((AB^†)^J )^{L/J} (r = e^x) → χ_{[1}L_](AB^†)(r = 0) )

= | | |⟨Tr((A^†B)^J )^{L/J} (r=e^x)χ_{[1}L_](AB^†)(r=0)⟩ | | |^2 ⟨Tr((A^†B)^J )^{L/J} (s=e^x)Tr((AB^†)^J )^{L/J} (r=e^x)⟩⟨χ_{[1}L_](A^†B)χ_{[1}L_](AB^†)⟩ = ∑ R1..RL/J g(R1,..,RL/J ;[1 L])^2 [_{χR} 1 (J)..χ_{RL/J} (J) ]_2[_{f N1} [1L]f N2 [1L]

]_2 e^{−4Lx}(4π)^{−4L} J^{L/J} (L/J)!(N_1N_2)^Le^{−2Lx}(4π)^{−2L} (e^x−e^{−x})^{−2L} f^{N1}_{[1L]}f^{N2}_{[1L]}(4π)^{−2L} . (38)

In this calculation we consider the leading order value of the first correlator of the denominator. Since the final state is sphere giant, which is an antisymmetric representation, the only allowed representations of the gravitons are antisymmetric so that combined representation gives the antisymmetric representation. Therefore, we do not need the sum over Littlewood-Richardson number and it gives 1 only and also χ_R(J), the characters of a cycle of length J, always be ±1 and due to square over the product of the characters the total contribution of them will be 1 only. Thus at the large x limit, the probability reduces to [ f^{N1}_{[1L]}f^{N2}_{[1L]} ] J^{L/J} (L/J)!(N_1 N_2)^L =

N_1!N_2!

J^{L/J} (L/J)!(N_1N_2)^L(N_1−L)!(N_2−L)!

∼ π^{− 1}2 e^{−[2L− LJ − 12 log(J)+( LJ + 12 ) log(L)+(N1 −L+ 12 ) log(1− LN}1^{)+(N2−L+ 12 ) log(1− LN}2^{)+ 12 log(2)]}. (39)

Similarly, to create an AdS giant from L/J number of gravitons with angular momentum J < √ N_1, the probability will be P ( Tr((AB^†)^J )^{L/J} (r = e^x) → χ_{[L]}(AB^†)(r = 0) ) =^{(N1+L−1)!(N2 +L−1)!}

J^{L/J} (L/J)!(N_1N_2)^L(N_1 −1)!(N_2−1)!

∼ π^{− 1}2 e^{−[2L− LJ − 12 log(J)+( LJ + 12 ) log(L)−(N1 +L− 12 ) log(1+ LN}1^{)−(N2+L− 12 ) log(1+ LN}2^{)+ 12 log(2)]}. (40)

All these correlators are always less than 1 and decay exponentially with N_1 and N_2.

If L number of gravitons with J amount of angular momentum interact and produce single graviton of angular momentum (LJ) which is less than √ N_1, the probability can be written as P ( Tr((AB^†)^J )^L(r = e^x) → Tr((AB^†)^{LJ} )(r = 0) )

= | |⟨Tr((A^†B)^J )^L(r=e^x)Tr((AB^†)^{LJ} )(r=0)⟩ | |^2 ⟨Tr((A^†B)^J )^L(s=e^x)Tr((AB^†)^J )^L(r=e^x)⟩⟨Tr((A^†B)^{LJ} )Tr((AB^†)^{LJ} )⟩ = ∑ R1···RL;S g(R1,...,RL;S) 2[_{χR} 1 (J)···χ_{RL} (J)χ_S (LJ) ]_2[_{f N1} S f^{N2}_S ]_2 e^{−4LJx}(4π)^{−4LJ} J^LL!(N_1N_2)^{LJ} e^{−2LJx}(4π)^{−2LJ} (e^x−e^{−x})^{−2LJ} (LJ)!^{(N1N2+LJ−1)!}_{(N1N2−1)!} (4π)^{−2LJ} . (41)

Since we know χ_R(I) will only be non-zero for hooks χ_{[(R−r),1}r_](I) = (−1)^r. Therefore the contribution of the each character is ±1. Thus the total contribution of the characters is only 1. Then the above probability reduces at large x limit as P ( Tr((AB^†)^J )^L(r = e^x) → Tr((AB^†)^{LJ} )(r = 0) )

= ∑ r1···rL,s g ( [(R_1−r_1),1^{r1} ],...,[(R_L−r_L),1^rL ];[(S−s),1^s]

)_2[ f^{N1}_{[(S−s),1s]}f^{N2}_{[(S−s),1s]} ]_2

J^LL!(N_1N_2)^{LJ} (LJ)!^{(N1N2+LJ−1)!} (N1N2−1)! . (42)

Using this method one can find out other type of correlators those will produce only one final state. Like large number of gravitons with different R-charge producing one sphere giant, AdS giant or graviton. However we are not going to find out those in this paper. We close this section with these above correlators. In the next section we compute the correlators for two out going states.

5 The genus one factorization

To obtain the probability of finding two states from many states we need to compute correlators on genus one manifold. Particularly, we consider here the manifold S^1 ×S^2.

We construct this manifold by gluing two cylinders I × S^2 described by coordinates (r, Ω_{2,r}) and (s, Ω_{2,s}) in the two different R^3 spaces. The radial variables are bounded by these ranges 1 ≤ r ≤ e^T and 1 ≤ s ≤ e^T . (43)

We also introduce the coordinates r^′ = 1/r and s^′ = 1/s. Now to produce the manifold S^1 × S^2, we glue the two cylinders at the inner ends r = 1, s = 1 with rs = 1 and outer ends at r = e^T , s = e^T with r^′s^′ = e^{−2T} (i.e rs = e^{2T} ).

As earlier, we can now define the probability of one giant graviton going to two smaller giant gravitons as follows P ( R(r = e^x) → R^′_1(r^′ = 0)R_2(r = 0) )

= | |⟨R†(r = ex)R′_1(r′ = 0)R_2(r = 0)⟩ | |^2 ⟨ R^†(s = e^x)R(r = e^x) ⟩ G=1 ⟨ R^†_1^′(s^′ = 0)R^′_1(r^′ = 0) ⟩⟨ R^†_2(s = 0)R_2(r = 0) ⟩.(44) Following the same logic as described in the previous section we have again considered the operators at r, r^′ = 0. To compute this probability we study term by term. Lets first work out the three point function of the numerator

⟨R^†(r = e^x)R^′_1(r^′ = 0)R_2(r = 0)⟩ = lim_{r0→∞}⟨R^†(r = e^x)r^{2Δ1}_0 R_1(r = r_0)R_2(r = 0)⟩

= (4π)^{−2(Δ1+Δ2)}e^{−2xΔ2} g(R_1, R_2; R)f^{N1}_R f^{N2}_R . (45)

Then we compute second two point function of the denominator

⟨R^†_1^′(s^′ = 0)R^′_1(r^′ = 0)⟩ = (4π)^{−2Δ1} e^{2T Δ1} f^{N1}_{R1} f^{N2}_{R1} . (46)

Similarly for the third two point function of the denominator we get

⟨R^†_2(s = 0)R_2(r = 0)⟩ = f^{N1}_{R2} f^{N2}_{R2} (4π)^{−2Δ2} . (47)

In addition to these three correlators we need to know one more correlator which is on S^2 × S^1, seating in the denominator . For the space-time dependent part of the correlator, we have to know the Green’s function for this manifold. To find out Green’s function we start with the associated metric of this space

ds^2 = dτ^2 + dθ^2 + sin^2 θdϕ^2 (48) with the proper range of coordinates, τ ∈ [0, 2T ], θ ∈ [0, π] and ϕ ∈ [0, 2π].

Sturm-Liouville theory suggests that, if the eigenvectors Ψ_n(x) of a hermitian operator L span a basis, the Green’s function of interest, G(x, y) is expressible as a linear combination of the Ψ_n(x) G(x, y) = ∑ n|λ_n≠0 Ψ^∗_n(x)Ψ_n(x) λ_n . (49)

As we are analysing three dimensional conformal filed theory of scalar field on 3- sphere , while defining the differential operator L it is necessary to consider coupling to the 3-dimensional curvature. In general L takes the following form

L = Δ − R 8 (50)

where Δ is Laplacian and not conformal dimension. R is the Ricci scalar. More specifically, considering the space S^1 × S^2 with unit radii and also noting that only the curvature of S^2 contributes, the Ricci scalar comes out as R = 2. The differential operators L modifies into a particular form L = Δ_{Euclidean} − 1 4 . (51)

The form of differential operator L leads to the identification of its eigenvectors as a complete set of spherical harmonics on S^2 × S^1

Ψ_n = ς_m(τ)Y^M_J (θ, ϕ) (52)

where n = (m, J, M). The explicit form of S^2 harmonics is given by

Y^M_J (θ, ϕ) = √ (2J + 1) 4π (J − M)! (J + M)!

(−1)^M sin^M θ ( dJ+M d^{J+M} cos θ

)(cos2 θ − 1)J 2^J J!

(53)

where the quantum numbers J and M take values as J = 0, 1, 2, 3 · · · M = −J, −J + 1, · · · J. (54) The harmonics on S^1 are ς_m(τ) = 1 √ 2T e^{imπτT} , (55) with m takes the values as, m = 0, 1, 2 · · · .

The spherical harmonics of S^2 and S^1 satisfy the following differential equations respectively

Δ_S2 Y^M_J (θ, ϕ) = −J(J + M)Y^M_J (θ, ϕ), Δ_S1 = − (mπ T )_2

ς_m(τ). (56)

Now with all the eigenfunctions of Euclidean Laplacian operators defined on S^2 × S^1 in hand, we are able to write the differential equation for operator L

LΨ_n = ( Δ_S2_{×S}1 − 1 4 ) Ψ_n = [ − J(J + M) − (mπ T )_2 − 1 4 ] Ψ_n. (57)

In the 3-dimensional space-time of our interest we define the action of operator L on corresponding Green’s function defined in conformity with R^3 correlator. LG(x, y) = −δ^3(x − y) (58) and the Green’s function in terms of the spherical harmonics is G(x, y) = ∑ J,M,m ς_m^∗(τ)Y^M_J^∗(θ, ϕ)ς_m(τ)Y^M_J (θ, ϕ) J(J + M) + (^{mπ}_T )^2 +^1_4

. (59)

Now we are ready to compute the two point correlator on S^1 × S^2

⟨R^†(s = e^x)R(r = e^x)⟩_{G=1}. (60)

Since the associated metric of S^1 × S^2 involves the coordinate τ, θ, ϕ and we suppress angular coordinates in our calculation, we should bring the correlator in τ coordinate instead of r and s. We do that by changing the coordinates s = e^{−τ} , r = e^τ and finally we get

⟨R^†(s = e^x)R(r = e^x)⟩_{G=1} = e^{−2xΔ}⟨R^†(τ = −x)R(τ = x)⟩_{G=1} (61)

with Δ = Δ_1 + Δ_2 by charge conservation. Finally in terms of gauge index and Green’s function we have the correlator as

⟨R^†(s = e^x)R(r = e^x)⟩_{G=1} = e^{−2xΔ}f^{N1}_R f^{N2}_R [ ∑ J,M,m ς_m^∗(0)Y^M_J^∗(θ, ϕ)ς_m(2x)Y^M_J (θ, ϕ) J(J + M) + (^{mπ}_T )^2 +^1_4

]_{2Δ} . (62) As we suppress angular part, the final result should be independent of the choice of θ and ϕ. We thus choose θ = 0, so that the sum simplifies significantly. Equation(53) demands for θ = 0 the only non-zero term contributing corresponds to J = 0, M = 0 and the above correlator reduces to

⟨R^†(s = e^x)R(r = e^x)⟩_{G=1} = e^{−2xΔ}f^{N1}_R f^{N2}_R [ 1 2T ∑ m e^{im2πxT} Y^0_0^∗(θ, ϕ)Y^0_0 (θ, ϕ) (^{mπ}_T )^2 +^1_4

]_{2Δ} . (63)

With the value of harmonic function Y^0_0 = 2^{−1}π^{− 1}2 we get the final expression

⟨R^†(s = e^x)R(r = e^x)⟩_{G=1} = [ 1 8πT [2 ∑ m>0 cos^{m2πx}_T (^{mπ}_T )^2 +^1_4

+ 4]

]_{2Δ}

e^{−2xΔ}f^{N1}_R f^{N2}_R = [ 1 8πT [8 ∑ m>0 (−1)^m (^{2mπ}_T )^2 + 1

+ 4]

]_{2Δ} e^{−2xΔ}f^{N1}_R f^{N2}_R = [ 1 8πT [−4 + T (coth T 4 − tanh T 4 ) + 4]

]_{2Δ} e^{−2xΔ}f^{N1}_R f^{N2}_R = [ 1 4π cosech T 2 ]_{2Δ}

e^{−2xΔ}f^{N1}_R f^{N2}_R = [ 1 4π (2e^{−T /2})

]_{2Δ}

e^{−2xΔ}f^{N1}_R f^{N2}_R . (64)

To get the last line we have used the large T limit where cosech^T_2 → 2e^{−T /2}.

Thus combining all four separate correlators we get the probability of one giant graviton goes to two giant gravitons as P ( R(r = e^{T /2}) → R_1(r = e^T )R_2(r = 0) )

= g(R_1, R_2; R)^2f^{N1}_R f^{N2}_R 2^{2(Δ1+Δ2)}f^{N1}_{R1} f^{N2}_{R1} f^{N1}_{R2} f^{N2}_{R2}

(65)

in the T → ∞ limit and R at r = e^{T /2}, which maximize the distance of the operators R_1 and R_2 from R and suppress the space-time dependence in the probability as earlier.

In particular, the probability of the transition of an AdS giant with angular momentum N_1 into to two smaller AdS giants with angular momentum N_1/2 is given by 1 2^{2N1} f^{N1}_{[N1]}f^{N2}_{[N1]} [ f^{N1}_{[N1/2]}f^{N2}_{[N1/2]}

]_2 = 1 2^{2N1}

(2N_1 − 1)!(N_1 − 1)!(N_2 + N_1 − 1)!(N_2 − 1)!

[(3N_1/2 − 1)!(N_2 + N_1/2 − 1)!]^2 ∼ e^− [_{(2N2+N1−1) log(1+ N1}

2N2 )−(N_2 +N_1−^1_2 ) log(1+^{N1}_{N2} )+(3N_1 −1) log(3)−(3N_1 −^3_2 ) log(2) ] . (66)

For a sphere giant [1^N ] evolving into two smaller sphere giants [1^N2 ] this probability becomes 1 2^{2N1} f^{N1}_{[1N1 ]}f^{N2}_{[1N1 ]} [ f^{N1}_{[1N1/2]}f^{N2}_{[1N1/2]}

]_2 = 1 2^{2N1} [ (N_1/2)!(N_2 − N_1/2)!

]_2

N_1!N_2!(N_2 − N_1)!

∼ π^{12} e^− [_{(N2−N1+ 1} 2 ) log(1−^{N1}_{N2} )−(2N_2−N_1+1) log(1−^{N1}_{2N2} )−^1_2 log(N_1)+(3N_1+^1_2 ) log(2) ] . (67)

We can also compute the transition probability of one sphere giant with angular momentum N_1 going into two gravitons with angular momentum N_1/2. Where N_1/2 is less than √ N_1. In this case we can consider the trace basis for gravitons as genus zero case and then transform as Schur basis by using the equation(34). Then the probability reduces to P ( χ_{[1}N_{1 ]}(AB^†)(r = e^{T /2}) → Tr((AB^†)^{N1/2})(r = e^T )Tr((AB^†)^{N1/2})(r = 0) )

= ∑ R_1,R_2 g(R1, R2; [1

N_1 ])2[χ

R_1 (N1/2) χR_2 (N1/2)

]_2[ f^{N1}_{[1N1 ]}f^{N2}_{[1N1 ]} ] 2^{2N1} (N_1/2)^2(N_1N_2)^{N1} = N_1!N_2!

2^{2N1} (N_1/2)^2(N_1N_2)^{N1} (N_2 − N_1)!

∼ π^{12} e^−

[_{2N1+ 3}

2 log(N_1)+(N_2−N_1+^1_2 ) log(1−^{N1}_{N2} )+(2N_1 −^5_2 ) log(2) ] . (68)

To get the 3rd line from 2nd line we have again used the fact that we can only have the antisymmetric representations of the gravitons from a sphere giant and in this condition sum over Littlewood-Richardson number takes the value 1. Same computation can be done for the AdS giant also. In that case probability becomes P ( χ_{[N1]}(AB^†)(r = e^{T /2}) → Tr((AB^†)^{N1/2})(r = e^T )Tr((AB^†)^{N1/2})(r = 0) )

= [ f^{N1}_{[N1]}f^{N2}_{[N1]} ] 2^{2N1} (N_1/2)^2(N_1N_2)^{N1} = (2N_1 − 1)!(N_2 + N_1 − 1)!

2^{2N1} (N_1/2)^2(N_1N_2)^{N1} (N_2 − 1)!(N_1 − 1)! ∼ e^− [_{2N1+2 log(N1)−(N2+N1− 1}

2 ) log(1+^{N1}_{N2} )−^3_2 log(2) ] . (69)

Again all correlatots are less than 1 and decaying exponentially with N_1 and N_2.

If L number of gravitons with J amount of angular momentum interact and produce two gravitons of angular momentum L_1 and L_2 which are less than √ N_1, the probability takes the following form P ( Tr((AB^†)^J )^L(r = e^x) → Tr((AB^†)^{L1} )(r = e^T )Tr((AB^†)^{L2} )(r = 0) )

= | |⟨Tr((A^†B)^J )^L(r = e^x)Tr^′((AB^†)^{L1} )(r^′ = 0)Tr((AB^†)^{L2} )(r = 0)⟩ | |^2 ⟨Tr((A^†B)^J )^L(s = e^x)Tr((AB^†)^J )^L(r = e^x)⟩_{G=1} × 1 ⟨Tr^′((A^†B)^{L1} )(s^′ = 0)Tr^′((AB^†)^{L1} )(r^′ = 0)⟩⟨Tr((A^†B)^{L2} )(s = 0)Tr((AB^†)^{L2} )(r = 0)⟩ .

Following the same procedure of previous section, the above probability can be written at large x limit as P ( Tr((AB^†)^J )^L(r = e^x) → Tr((AB^†)^{L1} )(r = e^T )Tr((AB^†)^{L2} )(r = 0) )

= ∑ r_1···r_L,s,s_1,s_2 g ( [(R_1 − r_1), 1^{r1} ], . . . , [(R_L − r_L), 1^{rL} ]; [(S − s), 1^s]

)_2[ f^{N1}_{[(S−s),1s]}f^{N2}_{[(S−s),1s]} ]_2

2^{2LJ} J^LL!(N_1N_2)^{2LJ} L_1L_2 × g ( [(S_1 − s_1), 1^{s1} ], [(S_2 − s_2), 1^{s2} ]; [(S − s), 1^s)]

)_2 . It is needless to say, one can compute other different types of correlators those have two final states like large number of gravitons creating two giant gravitons. However we close this section having these five above specific examples and in the next section we consider correlators involving more than two out going states.

6 Higher genus factorization

To get the large number of final states we should consider the higher genus G = n − 1 factorization. Following [18], we also guess the probability for this condition as

P (R → R_1, R_2, . . . , R_n) = 1 k^{2(Δ1+Δ2+···+Δn)} n g(R_1, R_2, . . . , R_n; R)^2f^{N1}_R f^{N2}_R f^{N1}_{R1} f^{N2}_{R1} f^{N1}_{R2} f^{N2}_{R2} · · · f^{N1}_{Rn} f^{N2}_{Rn}

. (70)

Here k_n is a constant and it takes value 1 for genus zero and 2 for genus one. We are again computing the probability at long-distance limit, that is the operators are in a symmetric configuration far apart from each other.

We find the probability for AdS giant with angular momentum N_1 going to n number of smaller giants is, P ( [N_1] → n × [N_1/n] )

= 1 k_n^{2N1} f^{N1}_{[N1]}f^{N2}_{[N1]} [f^{N1}_{[ N1n ]}]^n[f^{N2}_{[ N1n ]}]^n ∼ 1 √ 2 (n + 1 n )^n_2 [ 4nn+1 k^2_n(n + 1)^{n+1} ]_{N1} ( 1 + N_1 N_2

)N1+N2−^1_2 ( 1 + N_1 nN_2 )^n_2 −nN2−N1 . (71)

As a special case, we explicitly calculate the higher genus amplitude for 3 outgoing smaller AdS giants, P ( [N_1] → 3 × [N_1/3] )

= e^− [_{(3N2+N1− 3}

2 ) log(1+^{N1}_{3N2} )−(N_2+N_1−^1_2 ) log(1+^{N1}_{N2} )+(6N_1 −^5_2 ) log(2)−(4N_1 −^3_2 ) log(3) ] k^{2N1}_3

. (72)

In the same way the transition of a sphere giant to smaller giants is given by, P ( [1^{N1} ] → n × [1^{N1/n}] )

= 1 k_n^{2N1} f^{N1}_{[1N1 ]}f^{N2}_{[1N1 ]} [f^{N1}_{[1 N1n ]}]^n[f^{N2}_{[1 N1n ]}]^n ∼ √ 2πN_1 k^{2N1}n (n − 1 n )^n_2 +nN_1−N_1 ( 1 − N_1 N_2 )N1−N2−^1_2 ( 1 − N_1 nN_2 )^n_2 +nN2−N1 . (73)

Again in the case of sphere giant we calculate the transition amplitude for 3 outgoing smaller giants. P ( [1^{N1} ] → 3 × [1^{N1/3}] )

=^4_{k2N13} √_π 27 e^− [_{(N2−N1+ 1} 2 ) log(1−^{N1}_{N2} )−(3N_2−N_1+^3_2 ) log(1−^{N1}_{3N2} )−^1_2 log(N_1)+2N_1(log 3−log 2) ] . (74)

The transition of an AdS giant carrying R-charge Δ_R into n number of KK gravitons is given by, P ( [Δ_R] → Tr((AB^†)^{Δ1} ) · · · Tr((AB^†)^{Δn} ) )

= 1 k^{2ΔR}n f^{N1}_{[ΔR]}f^{N2}_{[ΔR]} ⟨Tr((A^†B)^{Δ1} )Tr((AB^†)^{Δ1} )⟩ · · · ⟨Tr((A^†B)^{Δn} )Tr((AB^†)^{Δn} )⟩ ∼ e^− [_{2ΔR−(N1+ΔR− 1} 2 ) log(1+^{ΔR}_{N1} )−(N_2 +Δ_R−^1_2 ) log(1+^{ΔR}_{N2} ) ] k^{2ΔR}n Δ_1 · · · Δ_n

. (75)

The transition of an sphere giant carrying R-charge Δ_R into n number of KK gravitons is given by, P ( [1^{ΔR} ] → Tr((AB^†)^{Δ1} ) · · · Tr((AB^†)^{Δn} ) )

= 1 k^{2ΔR}n f^{N1}_{[1ΔR ]}f^{N2}_{[1ΔR ]} ⟨Tr((A^†B)^{Δ1} )Tr((AB^†)^{Δ1} )⟩ · · · ⟨Tr((A^†B)^{Δn} )Tr((AB^†)^{Δn} )⟩ ∼ e^− [_{2ΔR+(N1−ΔR+ 1}

2 ) log(1−^{ΔR}_{N1} )+(N_2 −Δ_R+^1_2 ) log(1−^{ΔR}_{N2} ) ] k^{2ΔR}n Δ_1 · · · Δ_n

. (76)

7 Transition probability in ABJM theory

In this section we carry on our computation on transition probabilities among giant gravitons or from giant gravitons to ordinary gravitons for ABJM theory where N_1 = N_2 = N. We will only enumerate the main results.

The transition amplitude between two sphere giants of angular momentum^N_2 to a single sphere giant of angular momentum N is given as P ([ 1^{N2} ] , [ 1^{N2} ] → [ 1^N ]) = 2^{−2N} . (77)

We extend the result for same type of transition occurring between AdS giants.

P ([N 2 ] , [N 2 ] → [ N ]) = [ (2N − 1)!(N − 2)!

]_2 ( ∑_{N1/2} i=0 (^{3N}_2 + i − 1)!(^{3N}_2 − i − 2)!

)_2 . (78)

We calculate transition probability of the process depicting a sphere giant graviton is produced by the combination of N number of KK gravitons of angular momentum 1. P ( Tr(AB^†)^N (r = e^x) → χ_{[1}N_](AB^†)(r = 0) )

∼ π^{12} e^− [_{(N− 1} 2 ) log(N)+(N^2 +N−^1_2 ) log(1+^1_N )−^1_2 log(2) ] . (79)

The transition probability to go from N number of KK gravitons with angular momentum 1 to an AdS giant is P ( Tr(AB^†)^N (r = e^x) → χ_{[N]}(AB^†)(r = 0) )

∼ π^{− 12} e^− [_{N− 1} 2N +1+(N+^1_2 ) log(N)−(4N−^3_2 ) log(2) ] . (80)

The transition probability of the process where L/J number of gravitons with angular momentum J < √ N combining and giving a sphere giant of angular momentum L is given by P ( Tr((AB^†)^J )^{L/J} (r = e^x) → χ_{[1}L_](AB^†)(r = 0) )

∼ π^{− 12} e^− [_{2L− L} J −^1_2 log(J)+(^L_J +^1_2 ) log(L)+2(N−L+^1_2 ) log(1−^L_N )+^1_2 log(2) ] . (81)

Similarly for AdS giant the result changes as, P ( Tr((AB^†)^J )^{L/J} (r = e^x) → χ_{[L]}(AB^†)(r = 0) )

∼ π^{− 12} e^− [_{2L− L} J −^1_2 log(J)+(^L_J +^1_2 ) log(L)−2(N+L−^1_2 ) log(1+^L_N )+^1_2 log(2) ] . (82)

Now we calculate the transition probability from an AdS giant with angular momentum N to two smaller AdS giants with angular momentum N/2. The probability is ∼ e^− [_{2(3N−1) log(3)−(8N−3) log(2)]} . (83) For a sphere giant [1^N ] evolving into two smaller sphere giants [1^N2 ] probability becomes ∼ πe^− [_{(4N+1) log(2)−log(N)}] . (84) The transition probability of evolving from one sphere giant with angular momentum N to two gravitons with angular momentum N/2 with the restriction N/2 is less than √ N is ∼ πe^− [_{2N+log(N)+(2N−3) log(2)}] . (85) We also calculate the transition probability of evolving from one AdS giant with angular momentum N to two gravitons with angular momentum N/2 where we assume again the fact that N/2 is less than √ N and the probability is ∼ e^{−2} [_{N+log(N)−(N+1/2) log(2)}] . (86)

Finally we calculate the higher genus transition probability for AdS giants. With the choice of N_1 = N_2, (71) gives the appropriate higher genus correlator for the ABJM theory

2^{2N−1} (n + 1 n )n−nN−N [ 4nn+1 k^2_n(n + 1)^{n+1} ]N . (87)

Again for the case of sphere giants equation (73) modifies as, 1 k^{2N}_n (2πN) (n − 1 n )_{n(1+2N)−2N} . (88)

Having these discussion on transition probability in the last four sections we are going to find out the large N expansion of the theory in the non-trivial background.

8 Large N expansion in non-trivial background

We know that the large N expansion of N = 4 SYM theory as well as of ABJM theory is replaced by 1/(N + M) in the presence of non-trivial background created by Young diagram of N number of rows and M number of columns of the order of N. Therefore for ABJ theory it is natural to expect the same. To verify that we compute the amplitude of the multi trace operator in the non-trivial background as ABJM theory. Following [39, 40, 41, 33], we first calculate the amplitude without the presence of background and the result is A ( {n_i; m_j }, N_1, N_2 ) ≡ ⟨ ∏ ij Tr ( (AB^†)^{ni} ) Tr ( (A^†B)^{mj} ) ⟩

= ∑ R,S α_Rβ_S ⟨ χ_R(AB^†)χ_S(A^†B) ⟩

= ∑ R α_Rβ_Rf^{N1}_R f^{N2}_R . (89)

Here we have rewritten the multi trace operator in terms of Schur polynomials as ∏ i Tr ( (AB^†)^{ni} ) = ∑ R α_Rχ_R(AB^†), ∏ j Tr ( (A^†B)^{mj} ) = ∑ R β_Rχ_R(A^†B). (90)

Coefficients α_R and β_R are independent of N_1 and N_2. The amplitude can also be calculated in the presence of non-trivial background and the result is A_B ( {n_i; m_j }, N_1, N_2 ) ≡ ⟨ ∏ ij Tr ( (AB^†)^{ni} ) Tr ( (A^†B)^{mj} )⟩ B = ∑ R α_Rβ_R ( f^{N1}_{+R} f^{N1}_B )( f^{N2}_{+R} f^{N2}_B ) . (91)

Here f_B is the product of weights of the background Young diagram B and f_{+R} is the product of the weights of the Young diagram +R produced by the product of background Young diagram and Young diagram representing multi trace operator. All the weights of the diagram B are repeated in the diagram +R. Therefore all weights of f_B will be canceled by the weights of the f_{+R} and the remaining weights of the f_{+R} contribute to find out the amplitude of the multi trace operator in presence of non-trivial background. However it seems that the remaining weights turn out the weights of the diagram R which represent the multi trace operator, corresponding to the gauge group U(N_1 + M) or U(N_2 + M). Thus the amplitude with background can easily be calculated from the amplitude without background just by replacing the gauge group U(N_1) and U(N_2) as U(N_1 + M) and U(N_2 + M) respectively. Therefore we can write A_B ( {n_i; m_j }, N_1, N_2 ) = A ( {n_i; m_j }, N_1 + M, N_2 + M ) . (92)

Since A ( {n_i; m_j }, N_1, N_2 ) admits expansions 1/N_1 and 1/N_2, so we can expect that A ( {n_i; m_j }, N_1 + M, N_2 + M ) should have expansions 1/(N_1 + M) and 1/(N_2 + M).

9 Conclusion:

Half-BPS operators described by single trace operators of the dual theory of M/IIA theories with small R-charge can be classified by Young tableaux. These operators can also be identified as the giant gravitons of the dual gravity theory. However, when the R-charge of the gauge operators exceeds N^{2/3}, the role of single trace operators is replaced by Schur polynomials. It is known that these polynomials play a very important role in studying the large N expansion associated with the theory both for trivial and non-trivial backgrounds. In particular, for the later, when the background is provided by an operator with R-charge of order N^2, the 1/N expansion rearranges itself to an expansion in 1/(N + M). Here M is the number of columns in the representing Young diagram of the operator and it is of the order N. The purpose of this work has been to generalize these results for ABJ theory.

In this paper, we have shown that, for studying U(N_1) × U(N_2) (with say N_1 < N_2) ABJ theory, the 1/2 BPS operators described by single trace operators, for R-charge greater than √ N_1, are not appropriate. Rather, one needs to consider the Schur operators. We then identified the corresponding states in the dual gravity theory. Subsequently, we computed two, three and multi-point correlation functions involving these operators. Our computations show, for large N_1 and N_2, all correlators with proper normalization converge to values less than unity – a fact that is consistent with the probability interpretation of the correlators. We also have seen that two point correlators show a stringy exclusion principle. While calculating the correlators, we used the overlap state and multi-particle normalization; both were found to depend on the gauge indices as well as the space-time coordinates. For the space-time part, the CFT factorization comes in to the picture. This, in turn, determines as to whether we choose the overlap state or the multi-particle state normalization for the outgoing states. We further found that the correlators of the gravity state have an exponential decay. However, owing to the parity non-invariance of the ABJ theory, we saw that the results are not symmetric under the exchange of N_1 and N_2. Finally, we considered a particular background produced by an operator with a R-charge of O(N^2) and found that, in presence of this background, due to the non-planar contributions, the large N_1 and N_2 expansions get replaced by 1/(N_1 +M) and 1/(N_2 +M) respectively.

Acknowledgements: We would like to thank Robert de Mello Koch and Sudipta Mukherji for pleasant discussions, going through the draft and making valuable comments. The work of T.K.D. was supported by a DGAPA postdoctoral fellowship at the National Autonomous University of Mexico (UNAM), and by Mexico’s National Council of Science and Technology (CONACyT) grant 104649.

References

[1] D. Berenstein, C. P. Herzog and I. R. Klebanov, Baryon spectra and AdS /CFT correspondence, JHEP 0206, 047 (2002) [arXiv:hep-th/0202150].

[2] J. McGreevy, L. Susskind, N. Toumbas, Invasion of the giant gravitons from Anti-de Sitter space, JHEP 0006, 008 (2000). [hep-th/0003075].

[3] M. T. Grisaru, R. C. Myers, O. Tafjord, SUSY and goliath, JHEP 0008, 040 (2000). [hep-th/0008015].

[4] A. Hashimoto, S. Hirano, N. Itzhaki, Large branes in AdS and their field theory dual, JHEP 0008, 051 (2000). [hep-th/0008016].

[5] J. M. Maldacena, The Large N limit of superconformal field theories and supergravity, Adv. Theor. Math. Phys. 2, 231 (1998) [Int. J. Theor. Phys. 38, 1113 (1999)] [arXiv:hep-th/9711200].

[6] S. S. Gubser, I. R. Klebanov and A. M. Polyakov, Gauge theory correlators from noncritical string theory, Phys. Lett. B 428, 105 (1998) [arXiv:hep-th/9802109].

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

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

[9] V. Balasubramanian, M. Berkooz, A. Naqvi and M. J. Strassler, Giant gravitons in conformal field theory, JHEP 0204, 034 (2002) [arXiv:hep-th/0107119].

[10] S. Corley, A. Jevicki and S. Ramgoolam, Exact correlators of giant gravitons from dual N=4 SYM theory, Adv. Theor. Math. Phys. 5, 809 (2002) [arXiv:hep-th/0111222].

[11] D. Berenstein, A Toy model for the AdS / CFT correspondence, JHEP 0407, 018 (2004) [hep-th/0403110].

[12] H. Lin, O. Lunin and J. M. Maldacena, Bubbling AdS space and 1/2 BPS geometries, JHEP 0410, 025 (2004) [hep-th/0409174].

[13] V. Balasubramanian, D. Berenstein, B. Feng and M. x. Huang, D-branes in Yang-Mills theory and emergent gauge symmetry, JHEP 0503, 006 (2005) [arXiv:hep-th/0411205].

[14] R. de Mello Koch, J. Smolic and M. Smolic, Giant Gravitons - with Strings Attached (I), JHEP 0706, 074 (2007), arXiv:hep-th/0701066.

[15] R. de Mello Koch, J. Smolic and M. Smolic, Giant Gravitons - with Strings Attached (II), JHEP 0709 049 (2007), arXiv:hep-th/0701067.

[16] D. Bekker, R. de Mello Koch and M. Stephanou, Giant Gravitons - with Strings Attached (III), arXiv:0710.5372 [hep-th].

[17] R. Bhattacharyya, S. Collins and R. d. M. Koch, Exact Multi-Matrix Correlators, JHEP 0803, 044 (2008) [arXiv:0801.2061 [hep-th]].

[18] T. W. Brown, R. de Mello Koch, S. Ramgoolam, N. Toumbas, Correlators, Probabilities and Topologies in N=4 SYM, JHEP 0703, 072 (2007). [hep-th/0611290].

[19] O. Aharony, O. Bergman, D. L. Jafferis and J. Maldacena, N=6 superconformal Chern-Simons-matter theories, M2-branes and their gravity duals, JHEP 0810, 091 (2008) [arXiv:0806.1218 [hep-th]].

[20] M. Benna, I. Klebanov, T. Klose and M. Smedback, Superconformal Chern- Simons Theories and AdS(4)/CFT(3) Correspondence, JHEP 0809, 072 (2008) [arXiv:0806.1519 [hep-th]].

[21] J. Bhattacharya and S. Minwalla, Superconformal Indices for N = 6 Chern Simons Theories, JHEP 0901, 014 (2009) [arXiv:0806.3251 [hep-th]].

[22] M. A. Bandres, A. E. Lipstein and J. H. Schwarz, Studies of the ABJM Theory in a Formulation with Manifest SU(4) R-Symmetry, JHEP 0809, 027 (2008) [arXiv:0807.0880 [hep-th]].

[23] O. Aharony, O. Bergman and D. L. Jafferis, Fractional M2-branes, JHEP 0811, 043 (2008) [arXiv:0807.4924 [hep-th]].

[24] D. Berenstein and D. Trancanelli, Three-dimensional N=6 SCFT’s and their membrane dynamics, Phys. Rev. D 78, 106009 (2008) [arXiv:0808.2503 [hepth]].

[25] M. M. Sheikh-Jabbari and J. Simon, On Half-BPS States of the ABJM Theory, JHEP 0908, 073 (2009) [arXiv:0904.4605 [hep-th]].

[26] D. Berenstein, J. Park, The BPS spectrum of monopole operators in ABJM:

Towards a field theory description of the giant torus, JHEP 1006, 073 (2010). [arXiv:0906.3817 [hep-th]].

[27] T. Nishioka, T. Takayanagi, Fuzzy Ring from M2-brane Giant Torus, JHEP 0810, 082 (2008). [arXiv:0808.2691 [hep-th]].

[28] A. Hamilton, J. Murugan, A. Prinsloo and M. Strydom, A Note on dual giant gravitons in AdS_4 × CP^3, JHEP 0904, 132 (2009) [arXiv:0901.0009 [hep-th]].

[29] A. Hamilton, J. Murugan and A. Prinsloo, Lessons from giant gravitons on AdS_5 × T^{1,1}, JHEP 1006, 017 (2010) [arXiv:1001.2306 [hep-th]].

[30] J. Murugan and A. Prinsloo, ABJM Dibaryon Spectroscopy, arXiv:1103.1163 [hep-th].

[31] M. Herrero, Y. Lozano, M. Picos, Dielectric 5-Branes and Giant Gravitons in ABJM, JHEP 1108, 132 (2011). [arXiv:1107.5475 [hep-th]].

[32] D. Giovannoni, J. Murugan and A. Prinsloo, The Giant graviton on AdS_4 × CP^3 - another step towards the emergence of geometry, arXiv:1108.3084 [hep-th].

[33] T. K. Dey, Exact Large R-charge Correlators in ABJM Theory, JHEP 1108, 066 (2011) [arXiv:1105.0218 [hep-th]].

[34] D. E. Berenstein, J. M. Maldacena and H. S. Nastase, Strings in flat space and pp waves from N=4 superYang-Mills, JHEP 0204, 013 (2002) [hep-th/0202021].

[35] T. Nishioka and T. Takayanagi, On Type IIA Penrose Limit and N=6 Chern- Simons Theories, JHEP 0808, 001 (2008) [arXiv:0806.3391 [hep-th]].

[36] J. M. Maldacena and A. Strominger, AdS(3) black holes and a stringy exclusion principle, JHEP 9812, 005 (1998) [hep-th/9804085].

[37] S. Corley, S. Ramgoolam, Finite factorization equations and sum rules for BPS correlators in N=4 SYM theory, Nucl. Phys. B641, 131-187 (2002). [hep-th/0205221].

[38] W. Fulton and J. Harris, Representation Theory: A First Course,. Springer, 1991.

[39] R. d. M. Koch, Geometries from Young Diagrams, JHEP 0811, 061 (2008) [arXiv:0806.0685 [hep-th]].

[40] R. d. M. Koch, N. Ives, M. Stephanou, Correlators in Nontrivial Backgrounds, Phys. Rev. D79, 026004 (2009). [arXiv:0810.4041 [hep-th]].

[41] R. de Mello Koch, T. K. Dey, N. Ives and M. Stephanou, Correlators Of Operators with a Large R-charge, JHEP 0908, 083 (2009) [arXiv:0905.2273 [hep-th]].