Received: June 17, 1999, Accepted: July 5, 1999 Replaced with revised version: August 21, 1999

HYPER VERSION

Massive symmetric tensor field on AdS

Aleksey Polishchuk

Steklov Mathematical Institute Gubkin str.8, GSP-1, 117966, Moscow, Russia E-mail: alexey@mi.ras.ru

Abstract: The two-point Green function of a local operator in CFT corresponding to a massive symmetric tensor field on the AdS background is computed in the framework of the AdS/CFT correspondence. The obtained two-point function is shown to coincide with the two-point function of the graviton in the limit when the AdS mass vanishes.

Keywords: Conformal Field Models in String Theory, Brane Dynamics in Gauge Theories.

Contents

1. Introduction 1

2. Equations of motion 2

3. Two-point Green function 6

1. Introduction

The AdS/CFT correspondence conjectured in [1] states that in the large N limit and at large ‘t Hooft coupling λ = g^2_{Y M} N the classical supergravity/M-theory on the Anti-de Sitter space (AdS) times a compact manifold is dual to a certain SU(N) conformal gauge theory (CFT) defined on the boundary of AdS. One notable example of this correspondence is the duality between D = 4, N = 4 supersymmetric Yang- Mills theory and D = 10 Type IIB supergravity theory on AdS_5 × S^5. The precise formulation of the conjecture was given in [2, 3] where it was proposed to identify the generating functional for connected Green functions of local operators in CFT with the on-shell value of the supergravity action under the restriction that the supergravity fields satisfy the Dirichlet conditions on the boundary of AdS. Recall that in the standard representation of AdS as an upper-half space x_0 > 0, x^k ∈ R, k = 1, . . . , d with the metric

ds^2 = g_{μν} dx^μdx^ν = 1 x^2_0 ( dx^0dx^0 + dx^idx^i ) , the boundary includes the plane x_0 = 0 as well as the point x_0 = ∞. Since the boundary is located infinitely far away from any point in the interior the supergravity action is infrared divergent and must be regularized. As was pointed out in [4] the consistent regularization procedure (with respect to Ward identities) requires one to shift the boundary of AdS to the surface in the interior defined by x_0 = ε. Then the Dirichlet boundary value problem for supergravity fields is properly defined and one can compute the on-shell value of the supergravity action as a functional of the boundary fields. With the account of this regularization procedure the standard formulation of the AdS/CFT correspondence assumes the form:

⟨O(x_1) · · · O(x_n)⟩ = lim_{ε→0} δ δϕ_1(x_1) · · · δ δϕ_n(x_n) S_{on−shell} (ϕ_1(x_1), . . . , ϕ_n(x_n)) | | | |_{ϕi(xi)=ϕi} (x0=ε,xi) , where x_i are some points on the boundary of AdS_{d+1}, O_i(x_i) are gauge invariant composite operators in CFT and ϕ_i(x_i) are the corresponding supergravity fields.

Here we used the convention in which the coordinate x^μ of AdS_{d+1} is split according to: x = (x_0, x), so that x ∈ R^d. The action S_{on−shell} is the sum of the bulk supergravity action and the boundary terms necessary to make the AdS/CFT correspondence complete. The origin of these boundary terms was elucidated in [5] where it was shown that they appear in passing from the hamiltonian description of the bulk action to the lagrangean one.

The AdS/CFT correspondence has been tested by computing various two- and three-point functions of local operators in D = 4, N = 4 supersymmetric Yang-Mills theory on AdS_5. In particular two-point functions corresponding to scalars [3]–[8], vectors [3, 4, 9, 10], spinors [10]–[12], the Rarita-Schwinger field [13]–[16], antisymmetric form fields [17]–[20] and the graviton [5, 21, 22] were computed on the AdS background. The only field in the supergravity spectrum [23] that has evaded the attention is the massive symmetric second-rank tensor field. In this paper we fill in the gap by computing the remaining two-point Green function.

We note that the Dirichlet boundary value problem for the massive symmetric tensor field is nontrivial due to the fact that the equations of motion for various components are coupled. Furthermore, in computing the two-point Green function we have to stick with the regularization procedure described above in order to obtain the consistent result. At the end of our computation we find that in the limit when the AdS mass vanishes the correlation function reduces to that of the massless symmetric tensor field, i.e. the graviton.

2. Equations of motion

The starting point in the calculation is the action for the symmetric second-rank tensor ϕ_{μν} on AdS_{d+1} [24]^1:

S [ϕ_{μν} ] = 1 2κ^2 ∫ AdS d^{d+1}x √ |g| ( − 1 4 ∇_λϕ_{μν} ∇^λϕ^{μν} + 1 4 ∇_λϕ∇^λϕ − − 1 2 ∇^μϕ^ν_μ∇_ν ϕ + 1 2 ∇_μϕ^{μν} ∇^λϕ_{λν} − − d 2 ϕ_{μν} ϕ^{μν} + d 4 ϕ^2 − 1 4 m^2ϕ_{μν} ϕ^{μν} − 1 4 m^2ϕ^2 ) , (2.1)

where g is the determinant of the AdS metric g_{μν} . Action (2.1) already contains the appropriate boundary terms and so can be readily used for computing the two-point Green function. The equations of motion following from (2.1) are [23, 24]:

∇^λ∇_λϕ^μ_ν + (2 − m^2)ϕ^μ_ν = 0 , (2.2) ϕ^μ = 0 , ∇^ν ϕ^μ_ν = 0 . (2.3)

1Note that the AdS background satisfies restriction (10) of [24] and that to simplify our calculations we set the parameter ξ of [24] equal to 1.

The massive terms in (2.1) destroys the standard symmetry δϕ_{μν} = ∇_μξ_ν + ∇_ν ξ_μ which is present in the case of the massless symmetric tensor field. As a result of this symmetry breaking one can no longer perform gauge fixing. Since ϕ^μ_ν is traceless, we can eliminate the component ϕ^0 from the equations of motion by using the constraint ϕ^0 + ϕ^i = 0. Let us introduce a concise notation:

ϕ = ϕ^i , φ^i = ϕ^i_0 , φ = ∂_iφ^i .

Then starting from (2.2) and (2.3) one can obtain the following system of coupled differential equations φ − ( ∂_0 − d + 1 x_0 ) ϕ = 0 , (2.4) ( ∂_0 − d + 1 x_0 ) φ^i + ∂^kϕ^i_k = 0 , (2.5) ( ∂^2_0 − d + 3 x_0

∂_0 +

2(d + 2) x^2_0 + □ − m^2 x^2_0 ) ϕ = 0 . (2.6)

Here eq. (2.6) corresponds to μ = ν = 0 in (2.2) while eqs. (2.4) and (2.5) follow from (2.3). To simplify the notation, we chose the convention in which indices are raised and lowered with the flat metric δ^{μν} = x^{−2}_0 g^{μν} so that, in particular, □ = ∂_i∂_j δ^{ij} . The Fourier mode solution for the field ϕ vanishing at x_0 → ∞ is:

ϕ(x_0, k) = A(ε, k) x^{d2 +2}_0 K_Δ(x_0k) , (2.7)

where k = |k|, Δ = √( d 2 )_2

+ m^2

and K_Δ is a modified Bessel function [25]:

K_Δ(z) = π 2 I_{−Δ}(z) − I_Δ(z) sin Δπ

, I_Δ(z) = ∞∑ k=0 1 k!Γ(Δ + k + 1) (z 2 )_{Δ+2k} . Recall that modified Bessel functions satisfy the recurrence relations [25]:

K_{Δ+1}(z) − K_{Δ−1}(z) = 2Δ z K_Δ(z) , K_{Δ+1}(z) + K_{Δ−1}(z) = −2 d dz K_Δ(z) . (2.8)

By differentiating (2.5) with respect to x_i and using (2.4) and (2.6) one gets:

∂_i∂^j ϕ^i_j = ( d − 1 x_0

∂_0 + □ −

(d − 1)(d + 2) + m^2 x^2_0 ) ϕ . (2.9)

From (2.7) and (2.9) we can easily deduce the Fourier mode solution for the field

π(x_0, k) ≡ k_ik^jϕ^i_j (x_0, k) ,

π(x_0, k) = A(ε, k)x^{d2}_0 ( (d − 1)(x_0k)K_{Δ+1}(x_0k) + ( Δ_−(Δ_− − 1) + (x_0k)^2 ) K_Δ(x_0k) ) , where recurrence formulae (2.8) were used. Here we introduce a concise notation:

Δ_− = d 2 − Δ , Δ_+ = d 2 + Δ .

Taking the ratio of ϕ and π at x_0 = ε results in the following relation

π(k) = ε^{−2}

(d − 1)(εk)K_{Δ+1}(εk) + (Δ_−(Δ_− −1) + (εk)^2) K_Δ(εk) K_Δ(εk) ϕ(k) , where π(k) = π(ε, k) and, similarly, for other fields. In the limit ε → 0, π(k) ∼ ε^{−2}ϕ(k) and therefore if we keep π(k) fininte as ε → 0, then ϕ(k) will tend to zero. On the other hand, keeping ϕ(k) finite leads to the divergence of π(k). Consequently, we ought to fix π at x_0 = ε. Thus we have:

ϕ(x_0, k) = x^{d2 +2}_0 ε^d2

K_Δ(x_0k) (d− 1)(εk)K_{Δ+1}(εk) + (Δ_−(Δ_− − 1) + (εk)^2)K_Δ(εk) π(k), (2.10)

π(x_0, k) = x^{d2}_0 ε^d2

(d− 1)(x_0k)K_{Δ+1}(x_0k) + (Δ_−(Δ_− − 1) + (x_0k)^2) K_Δ(x_0k) (d− 1)(εk)K_{Δ+1}(εk) + (Δ_−(Δ_− − 1) + (εk)^2) K_Δ(εk) π(k). (2.11)

The Fourier mode solution for the field φ is found by substituting (2.10) into (2.4):

φ(x_0, k) = x^{d2 +1}_0 ε^d2

(1 − Δ_−)K_Δ(x_0k) − (x_0k)K_{Δ+1}(x_0k) (d −1)(εk)K_{Δ+1}(εk) + (Δ_−(Δ_− −1) + (εk)^2) K_Δ(εk)) π(k) , (2.12)

where once again recurrence formulae (2.8) were used.

Next we turn our attention to the field φ_i. Here we need to use equation ( □ − m^2 x^2_0 ) φ^i + 2 x_0

∂^iϕ = ∂_0∂^kϕ^i_k , (2.13)

that follows from (i0)-component of (2.2) by taking into account (2.5). Now we decompose φ_i into the transversal and longitudinal parts:

φ^⊥_i = φ_i − ∂_i □ φ . Rewriting (2.5) and (2.13) for the transversal part of φ_i leads to: ( □ − m^2 x^2_0 ) φ^⊥_i = ∂_0 ( ∂_kϕ^k_i − ∂_i∂_l∂^m □ ϕ^l_m ) , (2.14) ( ∂_0 − d + 1 x_0 ) φ^⊥_i = − ( ∂_kϕ^k_i − ∂_i∂_l∂^m □ ϕ^l_m ) . (2.15)

By differentiating (2.15) with respect to x_0 and taking into account (2.14) we obtain an homogeneous differential equation for the field φ^⊥_i : ( ∂^2_0 − d + 1 x_0

∂_0 + d + 1 x^2_0 + □ − m^2 x^2_0 ) φ^⊥_i = 0 . (2.16)

The Fourier mode solution is given by:

φ^⊥_i (x_0, k) = B_i(ε, k) x^{d2 +1}_0 K_Δ(x_0k) . (2.17)

To find B_i(ε, k) substitute (2.17) into (2.15) to obtain the following formula

k_lϕ^l_i(x_0, k) − k_i k^2 π(x_0, k) = iB_i(ε, k)x^{d2}_0 ( Δ_−K_Δ(x_0k) + (x_0k)K_{Δ+1}(x_0k) ) . (2.18)

Combining (2.17) and (2.18) we find:

k^lϕ^i_l(k) − k^i k^2 π(k) = iε^{−1}

Δ_−K_Δ(εk) + (εk)K_{Δ+1}(εk) K_Δ(εk) φ^⊥_i (k) .

Using the same arguments as before we find that in order to avoid the divergence at ε → 0 the solutions for the fields φ^⊥_i and k_lϕ^l_i −^{ki}_{k2} π should take the following form

φ^⊥_i (x_0, k) = −i x^{d2 +1}_0 ε^d2

K_Δ(x_0k) Δ_−K_Δ(εk) + (εk)K_{Δ+1}(εk) ( k^lϕ^i_l(k) − k^i k^2 π(k) ) , (2.19)

k^lϕ^i_l(x_0, k)− k^i k^2 π(x_0, k) = x^{d2}_0 ε^d2

Δ_−K_Δ(x_0k) + (x_0k)K_{Δ+1}(x_0k) Δ_−K_Δ(εk) + (εk)K_{Δ+1}(εk) ( k^lϕ^i_l(k) − k^i k^2 π(k) ) . (2.20)

Setting μ = i, ν = j in (2.3) and taking into account (2.3) we arrive at the following equation ( ∂^2_0 − d − 1 x_0

∂_0 + □ − m^2 x^2_0 ) ϕ^i_j = 2 x_0 ( ∂_j φ^i + ∂^iφ_j ) + 2δ^i_j x_0 ϕ . (2.21)

Let us introduce the transversal traceless part of ϕ^i_j:

ϕ̄^i_j(x_0, k) = ϕ^i_j − ∂^i∂^k □ ϕ^k_j − ∂_j ∂^k □ ϕ^i_k + ∂^i∂_j ∂_k∂^m □^2 ϕ^k_m + + 1 d − 1 ( ∂^i∂_j □ − δ^i_j ) ( ϕ − ∂_k∂^m □ ϕ^k_m ) . (2.22)

Rewriting (2.21) for the transversal traceless part yields: ( ∂^2_0 − d − 1 x_0

∂_0 + □ − m^2 x^2_0 ) ϕ̄^i_j = 0 . (2.23)

The Fourier mode solution of eq. (2.23) is

ϕ̄^i_j(x_0, k) = x d 2 0 ε^d2

K_Δ(x_0k) K_Δ(εk) ϕ̄^i_j (k) . (2.24)

Taking into account (2.10), (2.11), (2.20), (2.22) and (2.24) we obtain:

ϕ^i_j(x_0, k) = x^{Δ−}_0 ε^{Δ−} [ K_Δ(x_0k) K_Δ(εk) ϕ̄^i_j(k) + Δ^−K^Δ(x^0k) + K^{Δ+1}(x^0k)

Δ_−K_Δ(εk) + K_{Δ+1}(εk) × × ( k^ik_l k^2 ϕ^l_j (k) + k_jk^l k^2 ϕ^i_l(k) − 2 k^ik_j k^4 π(k) ) + + (d − 1)K_Δ(x_0k) + (Δ_−(Δ_− −1) + (x_0k)^2) K_Δ(x_0k) (d − 1)K_Δ(εk) + (Δ_−(Δ_− − 1) + (εk)^2) K_Δ(εk) k^ik_j k^4 π(k) − − ( (x_0k)^2K_Δ(x_0k) (d − 1)(εk)K_{Δ+1}(εk) + (Δ_−(Δ_− − 1) + (εk)^2) K_Δ(εk) − − (d − 1)K_Δ(x_0k) + (Δ_−(Δ_− − 1) + (x_0k)^2) K_Δ(x_0k) (d − 1)K_Δ(εk) + (Δ_−(Δ_− − 1) + (εk)^2) K_Δ(εk) ) × × 1 d − 1 ( k^ik_j k^2 − δ^i_j ) π(k) k^2 ] , (2.25)

while taking into account (2.12) and (2.19) gives:

φ_i(x_0, k) = −i x^{Δ− +1} 0 ε^{Δ−} [ K_Δ(x_0k) Δ_−K_Δ(εk) + K_{Δ+1}(εk) ( k_lϕ^l_i(k) − k_i k^2 π(k) ) − (2.26) − (1 − Δ_−)K_Δ(x_0k) − K_{Δ+1}(x_0k) (d − 1)K_{Δ+1}(εk) + (Δ_−(Δ_− − 1) + (εk)^2) K_Δ(εk) k_i k^2 π(k) ] , where we introduced a concise notation: K_Δ(z) = z^ΔK_Δ(z).

3. Two-point Green function

To compute the Green function in the framework of the AdS/CFT correspondence we need to evaluate the on-shell value of the action. Taking into account equations of motion (2.2) and (2.3) one finds that the on-shell value of (2.1) is S_{on−shell} = ε^{−d+1} 8κ^2 ∫ x_0=ε d^dx ( ϕ^i_j∂_0ϕ^j_i−ϕ∂_0ϕ+2ϕφ−2φ^k∂_iϕ^i_k+ 2(d+1) ε ( ϕ^2 +φ^kφ_k ) ) . (3.1)

Let us first consider the contribution to S_{on−shell} that depends locally on boundary fields, i.e. does not contain the normal derivative ∂_0. We expect that such terms do not contribute to the non-local part of S_{on−shell}. So we need to consider the behavior of ϕ and φ^k on the boundary of AdS. To this end we note that according to (2.10) the field ϕ(k) is local since

K_Δ(x_0k) (d − 1)(εk)K_{Δ+1}(εk) + (Δ_−(Δ_− − 1) + (εk)^2)K_Δ(εk) = 1 Δ_+(Δ_+ − 1)

+ O(ε^2k^2) , (3.2) while expanding solution (2.27) in ε gives:

φ^i(k) = −(iε) [( 1 Δ_+

+ O(ε^2k^2) ) ( k^lϕ^i_l(k) − k^i k^2 π(k) ) + + ( 1 Δ_+

+ O(ε^2k^2) ) k^i k^2 π(k) ] . (3.3)

Here we restricted our attention to terms of order O(ε^2k^2) and lower. In deriving (3.3) use was made of the power series expansion of the modified Bessel function [25]:

K_Δ(z) = 2^{Δ−1}Γ(Δ) ( 1 + z^2 4(1 − Δ) + · · · ) , (3.4)

where ellipsis indicates terms of order z^4 and higher which evidently lead to local expressions as well as terms of order z^{2Δ+2} which become negligible in the limit ε → 0. From expression (3.3) it follows that φ_i(k) is a local field. Consequently, those terms in (3.1) that depend only on the value of fields on the boundary do not contribute to the non-local part of S_{on−shell} as we expected.

Next we consider terms with the normal derivative ∂_0. In evaluating such terms it is useful to employ the following identity d dx_0 (( x_0 ε )_γ F (x_0k) F (εk) )| | x_0=ε = γ ε + k ε d dk ln F (kε) . (3.5)

Taking into account solution (2.10), identity (3.5) and expansion (3.4) we find that ∂_0ϕ(ε, x) is equal to:

∂_0ϕ(ε, x) = ∫ d^dk (2π)^d e^{−ikx} ( Δ_− + 2 ε + O(εk^2) ) ε^2 ( 1 Δ_+(Δ_+ − 1)

+ O(ε^2k^2) ) π(k) . (3.6) Clearly ∂_0ϕ is a local expression and therefore does not contribute to the non-local part of S_{on−shell}. Consequently, the non-local part is entirely determined by the following expression ε^{−d+1} 8κ^2 ∫ d^dx ϕ^j_i (x) ∫ x_0=ε d^dk (2π)^d e^{−ikx}∂_0ϕ^i_j(x_0, k) . (3.7)

Taking into account solution (2.25), identity (3.5) and expansion (3.4) we see that the expression for ∂_0ϕ^i_j gets three different contributions: the first contribution comes from differentiating the ratio x_0/ε raised to the power Δ_− or Δ_− + 2; the second contribution comes from O(εk^2) terms in the power expansion of the logarithmic derivative of various functions in (2.25) and the third contribution comes from O(ε^{2Δ−1}k^{2Δ}) terms in the same expansion. From (2.25) we can easily read off the first contribution which is equal to

Δ_− ε ϕ̄^i_j (k) + Δ^− ε ( k^ik_l k^2 ϕ^l_j(k) + k_jk^l k^2 ϕ^i_l(k) − 2 k^ik_j k^4 π(k) ) + Δ_− ε k^ik_j k^4 π(k)− − 1 d − 1 ( k^ik_j k^2 − δ^i_j ) ( Δ_− + 2 ε (εk)^2 Δ_+(Δ_+ − 1) − Δ_− ε ) π(k) k^2

= (3.8) = − 2 d − 1 k^ik_j k^2 ε Δ_+(Δ_+ − 1) π(k) + local ,

where we took into account the expansion of ϕ^i_j into the transversal and longitudinal parts given by (2.22). Next O(εk^2) terms from the expansion of the logarithmic derivative give: εk^2 2 [ 1 1−Δ ϕ̄^i_j(k) + Δ^+ − 2 Δ_+(1− Δ) ( k^ik_l k^2 ϕ^l_j(k)+ k_j k^l k^2 ϕ^i_l(k) − 2 k^ik_j k^4 π(k) ) + + (Δ_+ − 2)(Δ_+ − 3) (1 − Δ)Δ_+(Δ_+ − 1) k^ik_j k^4 π(k) − 1 d − 1 ( k^ik_j k^2 − δ^i_j ) × × ( (εk)^2 (1 − Δ)Δ_+(Δ_+ − 1) − (Δ_+ − 3)(Δ_+ − 2) (1 − Δ)Δ_+(Δ_+ − 1) ) π(k) k^2 ] = (3.9) = 2 d − 1 k^ik_j k^2 ε Δ_+(Δ_+ − 1) π(k) + local ,

where we used (2.22) and (3.4). Adding together (3.8) and (3.9) the non-local part cancels and we are led to a purely local expression which does not contribute to the non-local part of S_{on−shell}. Finally, O(ε^{2Δ−1}k^{2Δ}) terms in the expansion of the logarithmic derivative give:

ηε^{2Δ−1}k^{2Δ} [ ϕ̄^i_j(k) + Δ^− Δ_+ ( k^ik_l k^2 ϕ^l_j (k) + k_jk^l k^2 ϕ^i_l(k) − 2 k^ik_j k^4 π(k) ) + + Δ_−(Δ_− − 1) Δ_+(Δ_+ − 1) k^ik_j k^4 π(k) + 1 d − 1 ( k^ik_j k^2 − δ^i_j ) Δ_−(Δ_− − 1) Δ_+(Δ_+ − 1) π(k) k^2 ] = = η ε^{2Δ−1}k^{2Δ} [ ϕ^i_j(k) − 2Δ Δ_+ ( k^ik_l k^2 ϕ^l_j(k) + k_jk^l k^2 ϕ^i_l(k) ) − 4Δ(1 − Δ) Δ_+(Δ_+ − 1) k^ik_j k^4 π(k) ] , (3.10)

where η = − Δ 2^{2Δ−1}

Γ(1 − Δ) Γ(1 + Δ) . In the process of deriving (3.10) we dropped all terms containing δ^i_j since such terms are negligible in the limit ε → 0. To understand why this is so, note that when δ^i_j is contracted with ϕ^j_i (x) from (3.7) it gives the trace of ϕ^i_j(x) which according to (2.10) and (3.2) is order O(ε^2) at x_0 = ε.

Now putting together (3.7) and (3.10) we arrive at the following formula S_{on−shell}[ϕ^i_j ] = ηε^{2Δ−d} 8κ^2 ∫ ∫ d^dx d^dy Φ^j_i (x) Φ^r_s(y) ∫ d^dk (2π)^d e^{−ik(x−y)} k^{2Δ} × × [ 1 2 δ^i_rδ^s_j + 1 2 δ^{is}δ_{jr} − Δ Δ_+ ( k^ik_r k^2 δ^s_j + k^ik^s k^2 δ_{jr} + k_jk^s k^2 δ^i_r + k_jk_r k^2 δ^{is} ) + + 4Δ(Δ − 1) Δ_+(Δ + −1) k^ik_j k_rk^s k^4 + 2Δ Δ_+(Δ_+ − 1) × × ( + Δ_− − Δ^2_+ 2dΔ δ^i_j δ^s_r + k_rk^s k^2 δ^i_j + k^ik_j k^2 δ^s_r )] , (3.11)

where we introduced the traceless part of ϕ^i_j :

Φ^i_j(x) = ϕ^i_j(x) − δ^i_j d ϕ(x) . In order to complete the calculation of the two-point Green function we need to evaluate the integral over k in (3.11). To this end, we employ the standard formula for the Fourier transform of generalized functions [26]: ∫ d^dk (2π)^d e^{−ikx} k^{i1} k^{i2} · · · k^{in} k^n |k|^δ = 2^{δ−n}Γ (_{d+δ−n} 2 ) π^{d/2}Γ (_{−δ+n} 2 ) (i)^n∂_{i1} ∂_{i2} · · · ∂_{in} 1 |x|^{d+δ−n} . (3.12)

With the help of (3.12) we find that the non-local part of the on-shell value of the action is equal to: S_{on−shell}[ϕ^i_j ] = C_{d,Δ}ε^{2Δ−d} 2 ∫ ∫ d^dx d^dy Φ^j_i (x)Φ^r_s(y) |x − y|^{2Δ+d} × × [ 1 2 J^i_r(x − y)J^s_j (x − y) + 1 2 J^{is}(x − y)J_{jr}(x − y) − 1 d δ^i_j δ^r_s ] , where we introduced

J^i_j (x) = δ^i_j − 2 x^ix_j |x|^2 and C_{d,Δ} =

Δ(Δ_+ + 1)Γ(Δ_+) 2π^d2 κ^2(Δ_+ − 1)Γ(Δ) . From this we can easily deduce the two-point function of local operators in the boundary CFT corresponding to the massive symmetric traceless second rank tensor field Φ^i_j:

⟨O^i_j(x)O^s_r (y)⟩ = C_{d,Δ} |x − y|^{2Δ+d} [ 1 2 J^i_r(x − y)J^s_j (x − y) + + 1 2 J^{is}(x − y)J_{jr}(x − y) − 1 d δ^i_j δ^s_r ] . (3.13)

Here we performed rescaling in order to remove the regularization parameter ε. Note that in the limit m^2 → 0 or, equivalently, Δ → d/2 and Δ_+ → d the obtained expression correctly reproduces the two-point function corresponding to the massless symmetric tensor field (graviton) [5, 21, 22].

Acknowledgments

The author would like to thank S. Frolov and G. Arutyunov for valuable discussions and A. Slavnov for the support during the preparation of the manuscript.

References

[1] J. Maldacena, The large-N limit of superconformal field theories and supergravity , Adv. Theor. Math. Phys. 2 (1998) 231 [hep-th/9711200].

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

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

[4] D.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 [hep-th/9804058].

[5] G. Arutyunov and S. Frolov, On the origin of supergravity boundary terms in the AdS/CFT correspondence, Nucl. Phys. B 544 (1999) 576 [hep-th/9806216].

[6] W. Mück and K.S. Viswanathan, Conformal field theory correlators from classical scalar field theory on AdS_{d+1}, Phys. Rev. D 58 (1998) 041901 [hep-th/9804035].

[7] L. Chekhov, AdS/CFT correspondence on torus, hep-th/9811146.

[8] I.Ya. Aref’eva and I.V. Volovich, On large-N conformal field theories, field theories in anti-de Sitter space and singletons, hep-th/9803028.

[9] 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 [hep-th/9805105].

[10] W. Mück and K.S. Viswanathan, Conformal field theory correlators from classical field theory on anti-de Sitter space II. Vector and spinor fields, Phys. Rev. D 58 (1998) 106006 [hep-th/9805145].

[11] M. Henningson and K. Sfetsos, Spinors and the AdS/CFT correspondence, Phys. Lett.

B 431 (1998) 63 [hep-th/9803251].

[12] A.M. Chezelbash, K. Kaviani, S. Parvizi, A.H. Fatollahi, Interacting spinors-scalars and AdS/CFT correspondence, Phys. Lett. B 435 (1998) 291 [hep-th/9805162].

[13] S. Corley, The massless gravitino and the AdS/CF T correspondence, Phys. Rev. D 59 (1999) 086003 [hep-th/9808184].

[14] A. Volovich, Rarita-Schwinger Field in the AdS/CFT Correspondence, J. High Energy Phys. 09 (1998) 022 [hep-th/9809009].

[15] A.S. Koshelev and O.A. Rytchkov, Note on the massive Rarita-Schwinger field in the AdS/CFT correspondence, Phys. Lett. B 450 (1999) 368 [hep-th/9812238].

[16] P. Matlock and K.S. Viswanathan, The AdS/CFT correspondence for the massive Rarita-Schwinger field, hep-th/9906077.

[17] G.E. Arutyunov and S.A. Frolov, Antisymmetric tensor field on AdS_5, Phys. Lett. B 441 (1998) 173 [hep-th/9807046].

[18] W.S. l’Yi, Generating functionals of correlation functions of p-form currents in AdS/CFT correspondence, hep-th/9809132.

[19] W.S. l’Yi, Correlators of currents corresponding to the massive p-form field in AdS/CFT correspondence, Phys. Lett. B 448 (1999) 218 [hep-th/9811097].

[20] P. Minces and V.O. Rivelles, Chern-Simons theories in the AdS/CF T correspondence, Phys. Lett. B 455 (1999) 147 [hep-th/9902123].

[21] H. Liu and A.A. Tseytlin, D = 4 super Yang-Mills, D = 5 gauged supergravity and D = 4 conformal supergravity, Nucl. Phys. B 533 (1998) 88 [hep-th/9804083].

[22] W. Mück and K.S. Viswanathan, The graviton in the AdS-CFT correspondence:

solution via the Dirichlet boundary value problem, hep-th/9810151. [23] H.J. Kim, L.J. Romans, P. van Nieuwenhuizen, Mass spectrum of chiral tendimensional N = 2 supergravity on S^5, Phys. Rev. D 32 (1985) 389.

[24] I.L. Buchbinder, V.A. Krykhtin and V.D. Pershin, On consistent equations of motion for massive spin-2 field coupled to gravity in string theory, hep-th/9908028.

[25] I.S. Gradshteyn and I.M. Ryzhik, Table of integrals, series, and products. Academic Press, fifth edition 1994.

[26] I.M. Gel’fand and G.E. Shilov, Generalized functions, 1st vol., (in Russian) 1959. [27] G. Arutyunov and S. Frolov, Quadratic action for type II B supergravity on AdS_5 ×S^5,

hep-th/9811106.

[28] G.M. Sotkov and R.P. Zaikov, Conformal invariant two and three- point functions for fields with arbitrary spin, Rep. on Math. Phys. 12 (1977) 375.