arXiv:1104.1160v2 [hep-th] 4 Aug 2011

Three-point correlators for giant magnons

Rafael Hernández

Departamento de Física Teórica I Universidad Complutense de Madrid 28040 Madrid, Spain

rafael.hernandez@fis.ucm.es

Abstract

Three-point correlation functions in the strong-coupling regime of the AdS/CFT correspondence can be analyzed within a semiclassical approximation when two of the vertex operators correspond to heavy string states having large quantum numbers while the third vertex corresponds to a light state with fixed charges. We consider the case where the heavy string states are chosen to be giant magnon solitons with either a single or two different angular momenta, for various different choices of light string states.

1 Introduction

A conformal field theory is entirely determined once the complete spectrum of two and three-point correlation functions is solved for any value of the coupling constant. Higher order correlators can then be obtained from these two lower ones. The appearance of integrable structures in the AdS/CFT correspondence provided an impressive analysis of two-point correlation functions and the spectrum of anomalous dimensions in fourdimensional planar Yang-Mills with N = 4 supersymmetry both in the weak and strongcoupling regimes (see for instance [1] for a comprehensive review) . There is however no equivalent understanding on the general structure of three-point correlation functions. In the weak-coupling limit three-point correlators have been evaluated perturbatively [2] or using integrability-inspired techniques [3, 4]. In the strong-coupling limit three-point functions for chiral operators have been computed within the supergravity regime of the correspondence [5]. But it has been only recently that a general analysis has started for primary operators dual to massive string states. In the AdS/CFT correspondence, the strong-coupling limit of correlation functions for single-trace gauge invariant operators can be found by inserting closed string vertex operators in the path integral for the string partition function. These vertex operators scale exponentially with both the energy and the quantum conserved charges for the corresponding string states. Therefore, when charges are of the order of the string tension a saddle point approximation can be used in order to evaluate the string path integral, which will be dominated by a semiclassical string trajectory. We can thus employ a semiclassical approximation in order to analyze the case of correlation functions for non-protected operators with large quantum charges.

The semiclassical approach to the evaluation of two-point correlation functions was explored in references [6]-[10]. The analysis of three-point correlators where two of the vertex operators are complex conjugate heavy string states with large conserved charges while the third one is a light state with fixed charges has been developed in a recent series of papers [11]-[22].^1 In the case where the light vertex is a massless mode corresponding to a protected chiral state it was shown in [11, 12] that indeed the leading order contribution to the correlator in the large string tension limit is coming from the semiclassical trajectory, which amounts to evaluating the light vertex operator on the classical string configuration

1A semiclassical treatment of four-point correlation functions with two heavy and two light vertex operators has also been considered in [23, 22].

of the two heavy vertices. The extension to the case where the light vertex operator is a massive string mode, dual to general non-protected states, was later on considered in [13].

The leading contribution in the saddle point approximation to the correlation function of two complex conjugate heavy vertex operators and one light vertex is thus coming from the classical string configuration of the operators with large quantum charges. Therefore the contribution from the light vertex can be neglected and the three-point correlator is governed by the classical solution saturating the two-point function of the heavy vertices. In order to find the three-point function ⟨V_{H1} (x_1)V_{H2} (x_2)V_L(x_3)⟩ it suffices then to evaluate the light vertex operator on the classical configuration,

⟨V_{H1} (x_1)V_{H2} (x_2)V_L(x_3)⟩ = V_L(x_3)_{classical} . (1.1)

In a conformal field theory the dependence on the location of the vertex operators in a three-point function is completely determined up to some overall coefficients C_{123}, which are the structure constants in the operator product expansion. In order to find the value of these coefficients the positions of the vertex operators can be conveniently chosen [10, 13]. Taking |x_1| = |x_2| = 1 and x_3 = 0, the correlator reduces to

⟨V_{H1} (x_1)V_{H2} (x_2)V_L(0)⟩ =

C_{123} |x_1 − x_2|^{2ΔH}1

, (1.2)

because the conformal weights for the heavy operators are much larger than that of the light operator. The normalized structure constant C_3 ≡ C_{123}/C_{12} can then obtained from

C_3 = c_ΔV_L(0)_{classical} , (1.3)

where c_Δ is the normalization constant of the corresponding light vertex operator. In this note we will employ this proposal to explore the case where the classical states associated with the the heavy vertices in the three-point correlator are giant magnon solitons with a single or two different angular momenta in S^5. The correlation function of two singlecharge giant magnons and the lagrangian operator has been considered before in [12]. The purpose of this article is to extend the analysis to more general three-point functions.

The remaining part of this note is organized as follows. In section 2 we briefly review some general features of the giant magnon solutions. Then in section 3 we will compute the normalized coefficients in the three-point functions for either the single or the two-charge giant magnon solitons, and various different choices of light vertex operators. In section 4 we conclude with some general remarks and a discussion on several open problems.

2 Giant magnons

In this section we will briefly present the giant magnon solitons for the string sigma model with either a single or two different angular momenta in S^5. To describe the solutions, it will be convenient to parameterize the embedding coordinates Y_M and X_K for the tendimensional AdS_5 × S^5 background in terms of the corresponding global angles,

Y_1 + iY_2 = sinh ρ sin γe^{iϕ1} , Y_3 + iY_4 = sinh ρ cos γe^{iϕ2} , Y_5 + iY_0 = cosh ρ e^{it} , (2.1)

X_1 + iX_2 = cos θ cos ψe^{iφ̃} , X_3 + iX_4 = cos θ sin ψe^{iφ̄} , X_5 + iX_6 = sin θe^{iφ} . (2.2)

The embedding coordinates of AdS_5 are related to the Poincaré coordinates through

Y_m = x_m z , Y_4 = 1 2z ( − 1 + z^2 + x^mx_m ) , Y_5 = 1 2z ( 1 + z^2 + x^mx_m ) , (2.3)

where x^mx_m = −x^2_0 + x_ix_i, with m = 0, 1, 2, 3 and i = 1, 2, 3. Euclidean continuation of the time-like directions to

t_e = it , Y_{0e} = iY_0 , x_{0e} = ix_0 , (2.4)

will allow the classical trajectories to approach the boundary z = 0 when τ_e = ±∞. The giant magnon with a single angular momentum is a localized classical soliton propagating on an infinite string moving in R × S^2 [24]. After euclidean rotation it is described by

z = sech(κτ_e) , x_{0e} = tanh(κτ_e) , x_i = 0 , (2.5)

cos θ = sin p 2 sech(u_e) , tan(φ + iτ_e) = tan p 2 tanh(u_e) , (2.6)

with p the momentum of the magnon and

u_e = ( σ + iτ_e cos p 2 ) csc p 2 . (2.7)

The Virasoro constraint requires κ^2 = 1, which also follows from the marginality condition for conformal invariance on the semiclassical two-point correlation function of the corresponding physical vertex operators. Both the energy E and the angular momentum J for the giant magnon are infinite, but the difference is kept finite, E − J = √ λ π | |sin p 2 | | , (2.8) which is the strong-coupling limit of the dispersion relation for elementary magnon excitations in four-dimensional planar N = 4 Yang-Mills [25].

The case of a giant magnon soliton with two different angular momenta corresponds to a classical string solution rotating in R×S^3 [26]-[31]. We will present the solution following closely notation and conventions in reference [30]. After euclidean continuation the giant magnon with two charges is described by the point-like AdS_5 geodesic (2.5), together with

cos θ = sin p 2 sech(v_e) , tan(φ + iτ_e) = tan p 2 tanh(v_e) ,

φ̄ = −(σ sinh α + iτ_e cosh α) sin β , (2.9)

where p is again the momentum of the magnon, and now

v_e = ( σ cosh α + iτ_e sinh α ) cos β , (2.10)

with the parameters α and β given by

tanh α = 2r 1 + r^2 cos p 2 , cot β = 2r 1 − r^2 sin p 2 . (2.11)

The conserved finite charges carried by the two-charge giant magnon soliton are E − J = √ λ π 1 + r^2 2r | |sin p 2 | | , (2.12)

J̄ = √ λ π 1 − r^2 2r | |sin p 2 | | . (2.13)

Eliminating the parameter r in these expressions we get E − J = √ J̄ 2 + λ

π^2 sin^2 p 2 , (2.14)

which is the dispersion relation for a bound state of J̄ giant magnons [26]. In the limit where the parameter r → 1 the second angular momentum J̄ vanishes, and the two-charge soliton reduces to the elementary giant magnon with a single angular momentum.

3 Three-point correlation functions

In this section we will find the leading contribution in the large string tension limit to three-point correlation functions where the complex conjugate heavy vertices correspond to the giant magnon solitons described in the previous section, and the light vertex is an operator carrying quantum conserved charges of the order of unity. In order to find the normalized structure constants we will follow closely the general proposal in reference [13] for various different choices of light string states.

3.1 Dilaton operator

We will first analyze the case where the light vertex is taken to be the massless dilaton operator. In the large string tension expansion the leading contribution to the massless dilaton vertex is just bosonic,

V^{(dilaton)} = (Y_+)^{−Δd} (X_x)^j [ z^{−2}(∂x_m ¯∂x^m + ∂z ¯∂z) + ∂X_K ¯∂X_K ] , (3.1)

where here and along this note we have defined Y_+ ≡ Y_4 + Y_5 and X_x ≡ X_1 + iX_2, and the derivatives are ∂ ≡ ∂_+ and ¯∂ ≡ ∂_−. To leading order the scaling dimension in the strong-coupling regime is Δ_d = 4 + j, where j denotes the Kaluza-Klein momentum of the dilaton. The corresponding dual gauge invariant operator is Tr(F^2_{μν} Z^j + · · · ).

We will first consider the correlator where the heavy vertex operators are giant magnons solitons with a single angular momentum. As explained above, the three-point correlation function is dominated by the light vertex operator evaluated on the classical trajectory provided by the giant magnon solutions. Therefore in order to find the contribution from the magnon to the dilaton vertex operator we use relations (2.5) and (2.6) to compute

z^{−2}(∂x_m ¯∂x^m + ∂z ¯∂z) = κ^2 , ∂X_K ¯∂X_K = 2 sech^2(u_e) − 1 . (3.2)

The normalized coefficient in the three-point correlator is then obtained from

C^{(dilaton)}

3 = c^{(dilaton)}_Δ ∫_∞ −∞ dτ_e ∫_∞ −∞ dσ (cos θ)^j (sech(κτ_e))^{Δd} ( κ^2 + 2 sech^2(u_e) − 1 ) , (3.3)

where c^{(dilaton)}_Δ is the normalization constant of the dilaton vertex operator [32, 11],

c^{(dilaton)} Δ = 2^{−j} √ λ 128πN √ (j + 1)(j + 2)(j + 3) . (3.4)

The integrations over σ and τ in expression (3.3) factorize, and both integrals turn to be essentially the same. If we define I(Δ, j) = ∫_∞ −∞ dτ_e (sech(κτ_e))^Δ ∫_∞ −∞ dσ (sech(u_e))^j , (3.5)

the coefficient in the correlator can be written as

C^{(dilaton)}

3 = c^{(dilaton)}_Δ ( (κ^2 − 1)I(Δ_d, j) + 2I(Δ_d, j + 2) ) ( sin p 2 )_j . (3.6)

The integrals can be easily computed using that ∫ dx (sech(ax))^b = 1 a tanh(ax)_2F_1 ( 1 2 , 1 − b 2 , 3 2 ; tanh^2(ax) ) . (3.7)

Therefore the integration over σ becomes ∫_∞ −∞ dσ (sech(u_e))^j = √ π Γ(j/2) Γ(1/2 + j/2) sin p 2 , (3.8)

while the integral over τ_e is ∫_∞ −∞ dτ_e (sech(κτ_e))^{Δd} = √ π κ Γ(Δ_d/2) Γ(1/2 + Δ_d/2)

. (3.9)

The coefficient in the three-point correlation function with two single-charge giant magnon vertices and a light dilaton vertex is then

C^{(dilaton)}

3 = 2πc^{(dilaton)}_Δ

Γ (1 + j/2) Γ (2 + j/2) Γ (3/2 + j/2) Γ (5/2 + j/2) ( sin p 2 )_{j+1} , (3.10)

where we have made use of the marginality condition of the semiclassical vertex operators. When j = 0 the coupling is just to the lagrangian, which is the correlator analyzed in [12]. Expression (3.10) reduces then to

C^{(dilaton)}

3,j=0 = √ 6 24π √ λ N sin p 2 . (3.11)

Recalling now the dispersion relation (2.8) we recover the observation in reference [12] that the coefficient in the three-point correlation function when the light vertex is the lagrangian operator is proportional to the derivative with respect to λ of the anomalous dimension for the giant magnon. This relation seems to be quite a general result, as argued from a thermodynamical point of view in [33], and noticed for several different choices of heavy string states in [13]-[15].

Let us extend now the above analysis to the case where the heavy vertex operators are giant magnon solitons with two different angular momenta. Using solution (2.9) we get

∂X_K ¯∂X_K = 2 cos^2 β sech^2 ( v_e) − 1 , (3.12)

with β as given in (2.11). Using now the integral I(Δ, j) defined before the coefficient in the three-point correlator in the case of general Δ_d can be written as

C^{(dilaton)}

3 = c^{(dilaton)}_Δ ( (κ^2 − 1)I(Δ_d, j) + 2 cos^2 β I(Δ_d, j + 2) ) ( sin p 2 )_j . (3.13)

Evaluating the integral and taking into account the conformal constraint we get

C^{(dilaton)}

3 = 2πc^{(dilaton)}_Δ 2r 1 + r^2

Γ (1 + j/2) Γ (2 + j/2) Γ (3/2 + j/2) Γ (5/2 + j/2) ( sin p 2 )_{j+1} . (3.14)

Recalling now relations (2.13) and (2.14), in the case when j = 0 the coefficient (3.14) can be written as C^{(dilaton)}

3,j=0 = √ 6 24π^2 λ N sin^{2 p}_2 √ J̄ 2 +^λ_{π2} sin^{2 p}_2

, (3.15)

which extends to the case of giant magnon solitons with two different angular momenta the above observation that the structure constant of the three-point correlation function for two single-charge giant magnon heavy states coupled to the lagrangian is proportional to the λ-derivative of the corresponding dispersion relation.

3.2 Primary scalar operator

We will now choose the light vertex to be the superconformal primary scalar operator. The bosonic part of the primary scalar vertex is [32, 11, 13]

V^{(primary)} = (Y_+)^{−Δp} (X_x)^j [ z^{−2}(∂x_m ¯∂x^m − ∂z ¯∂z) − ∂X_K ¯∂X_K ] , (3.16)

where the scaling dimension is now Δ_p = j. The corresponding operator in the dual gauge theory is the BMN operator TrZ^j . When the classical trajectories from the heavy vertex operators approach BMN geodesics the correlation function should reproduce the correlator of three chiral primary operators. However it was noticed in reference [11] that an additional anomalous term arises after the BMN-limit of the heavy spinning string states. In [18] it was shown that the ambiguity implied by the anomalous rescaling of the correlation function in the large spin limit is a generic feature of string states with a point-like BMN limit, and can be removed through a convenient choice of normalization constant of the light chiral primary operator. In our analysis below we will show that in the case of giant magnon solitons there seems to be no room for ambiguities and a different choice of normalization for the light vertex.

We will first consider the case where the heavy vertices are giant magnons solitons with a single angular momentum. Using (2.5) we get

z^{−2}(∂x_m ¯∂x^m − ∂z ¯∂z) = κ^2(2 sech^2(κτ_e) − 1) , (3.17)

and thus the light vertex operator becomes

V^{(primary)} = (cos θ)^j (sech(κτ_e))^{Δp} [ κ^2(2 sech^2(κτ_e) − 1) − (2 sech^2(u_e) − 1) ] . (3.18)

The normalized coefficient in the three-point correlator can then be written as

C^{(primary)}

3 = c^{(primary)}_Δ (κ^2 − 1) ( 2I(Δ_p, j + 2) − I(Δ_p, j) ) ( sin p 2 )_j , (3.19)

where we have used that the integrals, as defined in (3.5) with Δ_p the scaling dimension for the chiral primary operator, now satisfy I(Δ_p + 2, j) = I(Δ_p, j + 2). Performing the integrations we end up with

C^{(primary)}

3 = πc^{(primary)}_Δ

(κ^2 − 1) κ (j − 1)Γ(j/2)^2 (j + 1)Γ(1/2 + j/2)^2 ( sin p 2 )_{j+1} . (3.20)

When we take into account the conformal condition we find that the three-point function vanishes identically, so that there is no coupling between one primary scalar light operator and two single-charge giant magnon solitons. Note that as the conformal constraint comes as a global factor there is no room for the ambiguities found in [18] depending on whether the conformal condition is imposed before or after worldsheet integration.

Let us now take the heavy string states to be magnon solitons with two angular momenta. In this case the structure constant in the three-point function becomes

C^{(primary)}

3 = c^{(primary)}_Δ ( (κ^2 − cos^2 β)2I(Δ_p, j + 2) − (κ^2 − 1)I(Δ_p, j) ) ( sin p 2 )_j . (3.21)

The conformal condition is not a global factor now and thus evaluating the integrals and imposing afterwards the conformal constraint we find a non-vanishing result,

C^{(primary)}

3 = 2πc^{(primary)}_Δ sech α sin^2 β sec β

Γ(j/2)Γ(1 + j/2)^2 Γ(1/2 + j/2)Γ(3/2 + j/2) ( sin p 2 )_j . (3.22)

We note however that the structure of the integrals does not favor any ambiguity in the evaluation of the chiral primary correlator when the heavy states are giant magnon solitons.

3.3 Leading Regge trajectory operator

Let us now analyze the case of a three-point correlation function where the light vertex corresponds to the insertion of an operator on the leading Regge trajectory. In principle we could consider vertex operators representing either string states with spin in AdS_5 or with angular momentum in S^5. However in the background of the giant magnon solitons that we are analyzing in this note a non-trivial contribution is obtained only from operators representing string states on the leading Regge trajectory with angular momentum j in S^5. The corresponding vertex is [7, 10]

V^{(Regge)} j = (Y_+)^{−Δj} (∂X_x ¯∂X_x)^{j/2} , (3.23) where the scaling dimension is now Δ_j = √ 2(j − 2)λ^{1/4}. In general the above operator can mix with additional bosonic terms arising from diagonalization of the anomalous dimension operator for the string sigma model,^2

(X_x)^{2p+2q}(∂X_x)^{j/2−2p}( ¯∂X_x)^{j/2−2q}(∂X_K ∂X_K )^p( ¯∂X_L ¯∂X_L)^q , (3.24)

where p, q = 0, . . . , j/4. However, in this section we will only intend to get a qualitative picture of the correlators, and thus for simplicity we will ignore the contribution from these additional terms. We will thus proceed first to evaluate the vertex (3.23) in the background of the single-charge giant magnon. From solution (2.6) we get

(∂X_x ¯∂X_x)^{j/2} = ( sech(u_e) tanh(u_e) sin p 2 )_j , (3.25)

and the coefficient of the three-point correlation function is then

C^{(Regge)}

3 = c^{(Regge)}_{Δj} ( sin p 2 )_j ∫ ∞ −∞ dτ_e ∫_∞ −∞ dσ (sech(κτ_e))^{Δj} (sech(u_e) tanh(u_e))^j . (3.26)

As in the previous correlators the integrations over σ and τ factorize. The integral over τ_e is again given by (3.9), while the integral over σ can be computed using that ∫ dx sinh^b(ax) sech^{2b}(ax) = i^b (tanh(ax))^{2b−1} a(1 − 2b)^2

F_1 ( 1 2 − b, 1 − b 2 , 3 2 − b; coth^2(ax) ) . (3.27) Evaluating the integrals the normalized structure constant (3.26) becomes

C^{(Regge)}

3 = c^{(Regge)}_{Δj} κ^{j−2} C_R(j) ( sin p 2 )_{j+1} , (3.28)

where we have taken into account the conformal constraint, and we have defined

C_R(j) = − i^j 2^{−j}(2j + 1)Γ(−1/2 − j)Γ(j)Γ(Δ_j/2) Γ(1/2 + Δ_j /2) cos ( jπ 2 ) . (3.29)

In the case of the two-charge giant magnon soliton an identical computation shows that

C^{(Regge)}

3 = c^{(Regge)}_{Δj} κ^{j−2} C_R(j) sechα sec β ( sin p 2 )_j . (3.30)

We thus find that the coefficients in the three-point correlator when the light vertex is an operator in the leading Regge trajectory scale as κ^{j−2}. The scaling is preserved when mixing with linear combinations of the operators (3.24) is included, because each partial derivative in the vertex provides a factor of κ, while a factor κ^{−2} is always obtained upon integration. A similar scaling was also noticed in reference [13], where the heavy vertices were taken to correspond to folded semiclassical strings with spin in AdS_5.

2See reference [7] for a more detailed discussion on the structure of the general vertex operator on the leading Regge trajectory and the mixing under one-loop renormalization of bosonic operators on the string sigma model on S^5.

4 Concluding remarks

In this note we have studied three-point correlation functions within the strong-coupling regime of the AdS/CFT correspondence. The analysis has been performed in the semiclassical approximation where two of the vertex operators in the correlation function are heavy string states carrying conserved charges as large as the string tension, while the third vertex is a light operator with fixed conserved charges. We have chosen the heavy vertex operators to correspond to giant magnon solitons, with either a single or two different angular momenta in S^5. The light vertex has been chosen as the dilaton, the superconformal chiral primary, or an operator on the leading Regge trajectory.

An interesting continuation of our analysis could be the obtention of the weak-coupling limit of the coefficients of the three-point functions that we have considered. A possible path in this direction could be the general method suggested in [12] based on renormalization group arguments after deformation in a conformal field theory. An alternative derivation of structure constants in the gauge theory regime is the proposal in [4] based on cutting and gluing integrable spin chains. This approach can also be probably employed to find the extension to weak-coupling of the three-point coefficients that we have analyzed. In reference [18] the large spin expansion of some semiclassical three-point correlators exhibited the same structure as expected on the dual gauge theory side, which allowed to conjecture that the corresponding structure constants are protected, and thus remain the same both at strong and weak-coupling. It would also be interesting to find out whether a similar phenomenon holds for the giant magnon correlators studied in this note.

We have excluded from the discussion in the main part of the text the case where the light vertex is taken to be a singlet massive scalar operator. Singlet massive scalar operators are built from derivatives of the S^5 directions and at leading order a possible choice is [34, 13] V^{(singlet)} = (Y_+)^{−Δr} ( (∂X_K ∂X_K )( ¯∂X_L ¯∂X_L) )_{r/2} , (4.1) where r = 2, 4, . . ., and with Δ_r = 2 √ (r − 1)λ^{1/4} the corresponding scaling dimension. But the derivative factor is nothing but the classical stress tensor for the S^5 string sigma model, which is conserved. Therefore a divergent contribution to the coefficient in the three-point function is expected as a consequence of the soliton nature of the giant magnon. It would also be of help to uncover and understand this behavior from the gauge theory side.

An additional extension of the work in this note is the study of three-point correlation functions for other choices of giant magnon heavy vertices. More general giant magnon solitons with additional angular momenta in S^5 or spin in AdS_5 where considered in references [35]-[38]. The analysis of the corresponding correlators could be of help to exhibit general features of the giant magnon three-point structure constants.

Acknowledgments

This work is supported by MICINN through a Ramón y Cajal contract and grant FPA2008-04906, and by BSCH-UCM through grant GR58/08-910770.

References

[1] N. Beisert et al., Review of AdS/CFT Integrability: An Overview, [arXiv:1012.3982

[hep-th]].

[2] C. Kristjansen, J. Plefka, G. W. Semenoff and M. Staudacher, A new double-scaling limit of N = 4 super Yang-Mills theory and PP-wave strings, Nucl. Phys. B 643 (2002) 3, [arXiv:hep-th/0205033].

N. R. Constable, D. Z. Freedman, M. Headrick, S. Minwalla, L. Motl, A. Postnikov and W. Skiba, PP-wave string interactions from perturbative Yang-Mills theory, JHEP 0207 (2002) 017, [arXiv:hep-th/0205089].

C. S. Chu, V. V. Khoze and G. Travaglini, Three-point functions in N = 4 Yang-Mills theory and pp-waves, JHEP 0206 (2002) 011, [arXiv:hep-th/0206005]. N. Beisert, C. Kristjansen, J. Plefka, G. W. Semenoff and M. Staudacher, BMN correlators and operator mixing in N = 4 super Yang-Mills theory, Nucl. Phys. B 650 (2003) 125, [arXiv:hep-th/0208178].

G. Georgiou, V. L. Gili and R. Russo, Operator mixing and three-point functions in N = 4 SYM, JHEP 0910 (2009) 009, [arXiv:0907.1567 [hep-th]]. A. Grossardt and J. Plefka, One-Loop Spectroscopy of Scalar Three-Point Functions in planar N = 4 super Yang-Mills Theory, [arXiv:1007.2356 [hep-th]].

[3] K. Okuyama and L. S. Tseng, Three-point functions in N = 4 SYM theory at oneloop, JHEP 0408 (2004) 055, [arXiv:hep-th/0404190].

R. Roiban and A. Volovich, Yang-Mills correlation functions from integrable spin chains, JHEP 0409 (2004) 032, [arXiv:hep-th/0407140].

L. F. Alday, J. R. David, E. Gava and K. S. Narain, Structure constants of planar N = 4 Yang Mills at one-loop, JHEP 0509 (2005) 070, [arXiv:hep-th/0502186].

[4] J. Escobedo, N. Gromov, A. Sever and P. Vieira, Tailoring Three-Point Functions and Integrability, [arXiv:1012.2475 [hep-th]].

[5] D. Z. Freedman, S. D. Mathur, A. Matusis and L. Rastelli, Correlation functions in the CF T_d/AdS_{d+1} correspondence, Nucl. Phys. B 546 (1999) 96,

[arXiv:hep-th/9804058].

G. Chalmers, H. Nastase, K. Schalm and R. Siebelink, R-current correlators in N = 4 super Yang-Mills theory from anti-de Sitter supergravity, Nucl. Phys. B 540 (1999) 247, [arXiv:hep-th/9805105].

S. Lee, S. Minwalla, M. Rangamani and N. Seiberg, Three-point functions of chiral operators in D = 4, N = 4 SYM at large N, Adv. Theor. Math. Phys. 2 (1998) 697,

[arXiv:hep-th/9806074].

G. Arutyunov and S. Frolov, Some cubic couplings in type IIB supergravity on AdS_5 × S^5 and three-point functions in SY M(4) at large N, Phys. Rev. D 61 (2000) 064009,

[arXiv:hep-th/9907085].

S. Lee, AdS_5/CF T_4 Four-point Functions of Chiral Primary Operators: Cubic Vertices, Nucl. Phys. B 563 (1999) 349, [arXiv:hep-th/9907108].

[6] 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,

[arXiv:hep-th/0204051].

[7] A. A. Tseytlin, On semiclassical approximation and spinning string vertex operators in AdS_5 × S^5, Nucl. Phys. B 664 (2003) 247, [arXiv:hep-th/0304139].

[8] E. I. Buchbinder, Energy-Spin Trajectories in AdS_5 × S^5 from Semiclassical Vertex Operators, JHEP 1004 (2010) 107, [arXiv:1002.1716 [hep-th]].

[9] R. A. Janik, P. Surowka and A. Wereszczynski, On correlation functions of operators dual to classical spinning string states, JHEP 1005 (2010) 030, [arXiv:1002.4613

[hep-th]].

[10] E. I. Buchbinder and A. A. Tseytlin, On semiclassical approximation for correlators of closed string vertex operators in AdS/CFT, JHEP 1008 (2010) 057,

[arXiv:1005.4516 [hep-th]].

[11] K. Zarembo, Holographic three-point functions of semiclassical states, JHEP 1009 (2010) 030, [arXiv:1008.1059 [hep-th]].

[12] M. S. Costa, R. Monteiro, J. E. Santos and D. Zoakos, On three-point correlation functions in the gauge/gravity duality, JHEP 1011 (2010) 141, [arXiv:1008.1070

[hep-th]].

[13] R. Roiban and A. A. Tseytlin, On semiclassical computation of 3-point functions of closed string vertex operators in AdS_5 × S^5, Phys. Rev. D 82 (2010) 106011,

[arXiv:1008.4921 [hep-th]].

[14] R. Hernández, Three-point correlation functions from semiclassical circular strings, J. Phys. A 44 (2011) 085403, [arXiv:1011.0408 [hep-th]].

[15] S. Ryang, Correlators of Vertex Operators for Circular Strings with Winding Numbers in AdS_5 × S^5, JHEP 1101 (2011) 092, [arXiv:1011.3573 [hep-th]].

[16] D. Arnaudov and R. C. Rashkov, On semiclassical calculation of three-point functions in AdS_4 × CP^3, Phys. Rev. D 83 (2011) 066011, [arXiv:1011.4669 [hep-th]].

[17] G. Georgiou, Two and three-point correlators of operators dual to folded string solutions at strong coupling, JHEP 1102 (2011) 046, [arXiv:1011.5181 [hep-th]].

[18] J. G. Russo and A. A. Tseytlin, Large spin expansion of semiclassical 3-point correlators in AdS_5 × S^5, JHEP 1102 (2011) 029, [arXiv:1012.2760 [hep-th]].

[19] C. Park and B. H. Lee, Correlation functions of magnon and spike, [arXiv:1012.3293

[hep-th]].

[20] D. Bak, B. Chen and J. B. Wu, Holographic Correlation Functions for Open Strings and Branes, [arXiv:1103.2024 [hep-th]].

[21] A. Bissi, C. Kristjansen, D. Young and K. Zoubos, Holographic three-point functions of giant gravitons, [arXiv:1103.4079 [hep-th]].

[22] D. Arnaudov, R. C. Rashkov and T. Vetsov, Three- and four-point correlators of operators dual to folded string solutions in AdS_5 ×S^5, [arXiv:1103.6145 [hep-th]].

[23] E. I. Buchbinder and A. A. Tseytlin, Semiclassical four-point functions in AdS_5 × S^5, JHEP 1102 (2011) 072, [arXiv:1012.3740 [hep-th]].

[24] D. M. Hofman and J. M. Maldacena, Giant magnons, J. Phys. A 39 (2006) 13095,

[arXiv:hep-th/0604135].

[25] N. Beisert, V. Dippel and M. Staudacher, A novel long range spin chain and planar N = 4 super Yang-Mills, JHEP 0407 (2004) 075, [arXiv:hep-th/0405001]. N. Beisert, The su(2|2) dynamic S-matrix, Adv. Theor. Math. Phys. 12 (2008) 945,

[arXiv:hep-th/0511082].

[26] N. Dorey, Magnon bound states and the AdS/CFT correspondence, J. Phys. A 39 (2006) 13119, [arXiv:hep-th/0604175].

[27] G. Arutyunov, S. Frolov and M. Zamaklar, Finite-size effects from giant magnons, Nucl. Phys. B 778 (2007) 1, [arXiv:hep-th/0606126].

[28] J. A. Minahan, A. Tirziu and A. A. Tseytlin, Infinite spin limit of semiclassical string states, JHEP 0608 (2006) 049, [arXiv:hep-th/0606145].

[29] H. Y. Chen, N. Dorey and K. Okamura, Dyonic giant magnons, JHEP 0609 (2006) 024, [arXiv:hep-th/0605155].

[30] M. Spradlin and A. Volovich, Dressing the giant magnon, JHEP 0610 (2006) 012,

[arXiv:hep-th/0607009].

[31] N. P. Bobev and R. C. Rashkov, Multispin giant magnons, Phys. Rev. D 74 (2006) 046011, [arXiv:hep-th/0607018].

[32] D. E. Berenstein, R. Corrado, W. Fischler and J. M. Maldacena, The operator product expansion for Wilson loops and surfaces in the large N limit, Phys. Rev. D 59 (1999) 105023, [arXiv:hep-th/9809188].

[33] R. Roiban and A. A. Tseytlin, Spinning superstrings at two loops: strong-coupling corrections to dimensions of large-twist SYM operators, Phys. Rev. D 77 (2008) 066006,

[arXiv:0712.2479 [hep-th]].

[34] R. Roiban and A. A. Tseytlin, Quantum strings in AdS_5 ×S^5: strong-coupling corrections to dimension of Konishi operator, JHEP 0911 (2009) 013, [arXiv:0906.4294

[hep-th]].

[35] M. Kruczenski, J. Russo and A. A. Tseytlin, Spiky strings and giant magnons on S^5, JHEP 0610 (2006) 002, [arXiv:hep-th/0607044].

[36] K. Okamura and R. Suzuki, A perspective on classical strings from complex sine- Gordon solitons, Phys. Rev. D 75 (2007) 046001, [arXiv:hep-th/0609026].

[37] S. Ryang, Three-spin giant magnons in AdS_5 × S^5, JHEP 0612 (2006) 043,

[arXiv:hep-th/0610037].

[38] C. Kalousios, M. Spradlin and A. Volovich, Dressing the giant magnon. II, JHEP 0703 (2007) 020, [arXiv:hep-th/0611033].