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Abstract

A consistent truncation of IIB on S® has been obtained in the sector of the
metric and the 4-form potential. The ansatz contains 20 scalars and all 15
gauge fields of N' = 8 gauged supergravity in five dimensions. With this fully
non-linear ansatz, the calculations for n-point correlators of super Yang-Mills
(SYM) theory via AdS/CFT are simpler than those in the literature that use the
linear ansatz followed by non-linear field redefinitions. We work out the SYM
operators that couple to the scalars by expanding the Dirac-Born-Infeld (DBI)
action plus Wess-Zumino (WZ) terms around an AdSs x S° background with
the metric fluctuations. The resulting operators agree with those based on a

superconformal symmetry argument. We discuss the significance of our results.


http://arxiv.org/abs/hep-th/0010116v2

1 Introduction

Recently, a consistent fully non-linear reduction of IIB supergravity on S° has been
obtained [, P for the SL(2, R)-singlet sector comprising the metric and the 4-form
potential. In particular, the ansatz contains the scalars Ty, in the 20’ representation of
SO(6) and the 15 gauge fields Aff’), of N = 8 five-dimensional gauged supergravity.

The advantage of having a non-linear ansatz becomes obvious when it comes to
computing SYM correlators via AdS/CFT: it is no longer necessary to introduce the
non-linear field redefinitions that appeared in the literature as a consequence of using a
linear ansatz. Another application of the ansatz we discuss here is to the determination
of SYM operators that correspond to given supergravity modes.

In AdS/CFT [B, @, f, there are two known ways to determine the SYM operators
that correspond to given supergravity modes. In the first approach [B, f], one considers
the representations of the super Lie algebra, SU(2,2|4), of the fields in SYM theory
and IIB supergravity respectively, and matches the supergravity modes with the SYM
operators by comparing the various quantum numbers. The other approach, which we
will follow in this article, was proposed by Das and Trivedi [[d], where they considered
the lowest KK mode of the NS-NS 2-form fields polarized along the D3-brane world
volume. They worked out the corresponding SYM operators by expanding the DBI
action plus WZ terms around an AdSs x .S® background. They noted that the expansion
arund this background, as opposed to a flat background, is crucial in order to obtain
the correct SYM operators. A similar method was used in [§, g

The relevance of curved backgrounds in AdS/CFT was already noticed in [[[0), []]
and was further motivated in [IJ]. It is one of the aims of the present work to consider
another supergravity mode, and to work out the SYM operators by following steps
that are analogous to those in [[].

The rest of the paper is organized as follows. In section 2, we set the gauge fields

Aab

() to zero for the purposes of concrete computations, although keeping them does

not cause any essential additional complications. The conditions Aff’) = 0 then induce
fifteen constraints on the scalars T, since setting the Yang-Mills fields to zero implies
that the scalar currents that would excite them must vanish. These constraints can

be solved by introducing a diagonal parameterization for T,,, with five independent



diagonal modes. We then compute the action for these diagonal modes. We note that
the calculations for the n-point correlators are simpler than those in the literature that
make use of the linearized ansatz, and which then require non-linear field redefinitions.
In section 3, the ansétze for the metric and the 4-form potential are substituted in the
Abelian DBI action plus WZ termsll. We work out the CFT operators by expanding
them to linear order in the diagonal modes. At the end of the section we relax the
condition Af)
20 scalars T,,. We conclude in section 4 with a discussion of the significance of our

= 0, and obtain the CFT operators that correspond to the full set of

results.

2 Correlators

Type IIB supergravity can be consistently truncated in D = 10 such that only the
metric and the self-dual 5-form field strength remain, since these are the fields that
are singlets under SL(2, R). The non-linear Kaluza-Klein S° reduction ansatz for this

sector has been obtained in [[l]], and is given by

sty = AVPdsi+g P ATVATL Dut Dyt (1)
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'To the leading order in the momentum expansion, the contributions come only from the DBI

action.



and €, is the volume form on the five-dimensional spacetime, whilst &, ...q¢ is the tensor
density in six dimensions. T}, is a symmetric unimodular matrix. The ansatz given
above is for a general S® reduction, but later we shall choose the spacetime ds? to be
a five-dimensional anti-de Sitter space, AdJSs.

The resulting Lagrangian and the field equations for T,;, and F& are given in [f]].

For simplicity, we consider configurations with A%’ = 0, which in turn enables one to

&
use a diagonal parameterization for T,,, as we shall see below. The Lagrangian is

1 1
L=Rxl-7 Tyt xdThe NT N dT L, — §g2(2TabTba —T2) 1, (6)

and the field equations are

Ty +dTy. = 0,

1
d(Ta_cl * dTba) = _292(2 Tacch - Tab ch)€(5) + §92(2 TceTec - Tc20>€(5)- (7)

Since the first equation in (f]) imposes fifteen constraints, one can put Ty, into the

diagonal form
Tab = diag(Xl,Xg,Xg,X4,X5,X6) ) HXa = 1. (8)
We now adopt the parameterization used in [p]
1 T d
X, = exp (—ibam) , 9)

where b, are the weight vectors of the fundamental representation of SL(6,R) and
G = (1, va, P3, Y4, ps5) are five independent scalars. The explicit expressions for b, can

be taken as followsﬁ

2They also satisfy the following relations: I;lg] = 86;; — 4 ?:1 b; = 0, and Z? 1(ﬁ.gi)gi = 8u

where o is an arbitrary vector.



With the diagonal form of T,;,, the Lagrangian and equations of motion up to fourth

order in ¢ ardl
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where V3 and Vj are third-order and fourth-order polynomials in qg respectively. Their
explicit forms are presented in the appendix.

In [[J], two-point and three-point correlators for various chiral primary operators
were computed using a linear ansatz in [[4]. As a consequence of using the linear
ansatz, non-linear field redefinitions were required. The advantage of having a non-
linear ansatz is obvious from ([[1]): it renders such field redefinitions unnecessary. One

can easily read off two-point and three-point functions using the formulae in [I5, [§].

3 CFT Operators from the Dirac-Born-Infeld Ac-
tion

D-branes are the objects on which open strings can end. They also appear as solitonic
solutions of supergravities and string theory. Since these solutions carry mass and
charge, one may have to view the open strings as propagating in the curved background
produced by the branes to which they are attached [[J]. The low-energy effective action
for D-branes should then be considered in the same curved background.

The authors of [[f] considered the s-wave of the NS-NS B-field with non-zero compo-
nents along the world volume of the D3-brane. They noted that to obtain the correct
SYM operators, it is crucial that one expand the DBI action around an AdSs x S® back-

3We dropped the Einstein action treating the metric as an AdSs background.



ground. In this section, we follow [[] and expand the DBI action plus the WZ-termsl
around an AdSs x S° vacuum, with the fluctuations parameterized by the diagonal
modes ¢,. We then identify the CF'T operators, roughly speaking, as the coefficients
of ¢,.

Keeping only the terms linear in ¢, the metric ansatz is given by
1 a7
dst, =~ (1 ~1 Z(u )2b, - ) ds?
1 1 r =0 c\2 1 - a\2
o (14 5 20 @) S (14 b @) (dn)? (12)

a

ﬁl

As previously mentioned, the ansatz quoted in Eq. ([) is for general S® reductions.
However, we shall choose the five-dimensional spacetime to be AdSs for our discussion.
The structure of the D3-brane solution of type IIB supergravity in the near-horizon
region is such that the “radius” of the AdSs is the same as that of the internal sphere.

Therefore we choose ds? to be an AdS; of radius é. Then we have

ds? + g_12 > (du*)? = g*r? Z (dx") <dr + 7 Z du®) ) (13)

The metric ansatz ([J) in its written form, i.e. in the u-coordinate system, does not
make manifest the SO(6) covariance of the conformal field theory. A more suitable
coordinate system is one that reveals the brane structure more transparently; not

surprisingly, such a coordinate system is of Cartesian type,

e [§
pt = — and r? = (9% (14)

r a=1

Using the ®-coordinate system, one can rewrite ([J) in the form

. 1 6
dsto = ¢°r*f D (da')® + po > Gap DA, (15)
) a,b=1
where
= 1-— (ID“
/ 47’2Zb P
S N P D —1b q>a<1>b+—zb (16)
Jab = g27’2 ab 9 a * P Oab

41t turns out, as we discuss below, that only the DBI action is relevant to the leading order in the

derivative expansion.



The action for D3 branes in a general type IIB background was studied in [I7, [§, [[9,
P0]. For our discussion, it is enough to keep the metric and the 4-form field since the

scalars come only from these. The relevant part of the action is

1= [diey/=denGy+ Fy) + [ Cu, (17)

where

ozM ozZN

g WEQEEUA&

Cijkl - CMNaniZMﬁjZNﬁkZP@ZQ. (18)

Gij =

It is the 4-form potential C\4) that appears in ([[7), whereas the ansatz in Eq. (B]) and
(@) was obtained in terms of the 5-form field strength, H. To obtain C.,), consider the

metric ansatz in (). With A% = 0, it becomes

, 1
ds® = A2ds? + ?A—a > X s, (19)

where A = 3, e_%ga'ﬁ,uz. After some algebra, one can show that the correct C, is

given by

Cuy = % (X" dXa(u)?)

. L Xg p™ p™
4lgt A

Eayag QU™ N - - N dp®s. (20)

Acting with the exterior derivative, the first term gives G(5) up to the field equation
(M), which is sufficient for our purposes. The second term gives *@(5) plus an extra
term, which can be cancelled by adding an appropriate term to C(4). However, this
term is independent of ¢ and can therefore be dropped in our discussion.

We can in fact also drop the first two terms of equation (20), since we shall even-
tually consider only the leading order in the derivative expansion. From now on, we
may therefore concentrate solely on the contributions coming from the DBI action.

To obtain G,;, we substitute ([3), (L) and the super vielbeins obtained in [21], B2
into the first equation of ([[§). For simplicity, we keep only the bosonic fields,

Gij = g2r2f Nij + Gab 8iq)a8jq)b + Fij (21)



After some algebra, one can show that the relevant part of the action is given by

g47“2 o 5 1 1- = 1- - b b
I[¢] = _/_ 9 Z ba ' ¢((I)a) + 52 <§ba : ¢5ab - _Qba : ¢(I)a(1> > &@“8’(1)
a ab r
(22)
where the ellipses refer to the terms with higher numbers of derivatives.
The discussion of the full 20 scalars T,,, without imposing A‘(llb) = 0, goes very

similarly, since eventually one will be interested only in terms that are coupled to Tpy,

but do not have any factors of A%

(- In fact the computation is almost identical, except

that one needs the new parameterization
Tab = (es)aba (23)
where S, is symmetric and traceless. Using this parameterization, one gets

1 . 1 .
I[Sw) =-— / g2 om S, + 5 (—&@aa@b +5 D B0,V + a4 bD Sap
— (trace). (24)

To leading order in the derivative expansion, we have
1
[[Sab] _ /947,2 <(I>aq>b i adabécq)c) Sap + . (25)

As one can easily show, Sy ~ T% in the boundary region, i.e. r — co. Therefore we

impose the following boundary condition,

1 o
Sab = 7’_2 ab? (26)
which leads to the correct CFT operator.
1
Oab = <(I)aq)b o ééabq)c(bc) 4+ ... (27)

4 Conclusion

In this paper, we considered the 20 of scalars in N’ = 8 SO(6)-gauged supergravity in
D = 5. We showed that using the non-linear Kaluza-Klein ansatz considerably simpli-
fies the calculation of n-point CFT correlators in the AdS/CFT correspondence. Then
we substituted the ansatz into the Abelian DBI action (plus WZ terms). By expanding

8



the action, we could identify the CFT operators that couple to the supergravity modes.
The result is given in eq (BY) above, and it is in agreement with the CFT operators
obtained based on the conformal symmetry argument.

Our work, together with [[]], provides evidence for the viewpoint taken in [[3].
It might be also viewed as in accordance with the claim made in [B4]. These authors
argued that the supergravity modes are dual to the “extended” chiral primary operators
(CPOs), which contain, in addition to CPOs, their descendents, since the ellipses in
(1) will include such quantities.

One may also apply the method of [{] and the present paper to the cases of the
M2-brane and Mb5-brane. Another interesting application will be to the deformations
of SYM theory. So far in the literature, one first deforms the N' = 4 SYM theory by
adding some operators, and then tries to find the corresponding supergravity solution.
However, our results suggest that the procedure may be reversed in those cases where
a complete Kaluza-Klein ansatz is known; one may substitute the KK ansatz into the
DBI action plus WZ terms, and then work the operators that deform the CF'T theory.

We hope to report on these issues in the near future.
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Appendix : V53 and V),

The cubic and quartic terms V3 and Vj in the scalar potential in equation ([LI]) are

given by

1
Vs = 29" (B0V3¢les —10v303 +15V0 0l o5+ 15 V605 05 — 10 V63
+9VI0 02 04+ 9VI0 02 01 + 9VI0 02 04 — 9VI0 2 + 6 V15 % 5

+6 V15 05 05 + 6 V1593 05 + 6 V15 9 5 — 8 V15 ), (28)
1
Vi = —350° (3091 + 604t w5 + 3095 + 60 V26T w203 — 20 V205 s

+30 7 03 + 3005 @3 + 35 ¢ + 12V30 07 2 4 — 4 V3003 04

+12 V15 9 3 04 + 12 V1505 5304 — 8 V15 gl s + 18 07 ¢ + 18 03 ]

+183 0F + 39 ¢ + 24 V5 0T 0 o5 — 8 VB 3 05 + 12 V10 0] 3 05

+12V10 95 305 — 8 V1003 5 + 12V6 &} 0 05 + 12V6 905 04 05 + 12 V6 93 04 05
—12V6 @} 05 + 1207 05 + 1203 03 + 125 0 + 124 @F + 42 ¢3),

%92(@0? + @5+ 5+ i + 93)? (29)
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