hep-th/9901030 9 Jan 1999

IFP-9901-UNC January 1999

Symmetric Subgroups of Gauged Supergravities and AdS String Theory Vertex Operators^1

L. Dolan^2 and M. Langham^3

Department of Physics and Astronomy University of North Carolina, Chapel Hill, NC 27599-3255

Abstract

We show how the gauge symmetry representations of the massless particle content of gauged supergravities that arise in the AdS/CFT correspondences can be derived from symmetric subgroups to be carried by string theory vertex operators in these compactified models, although an explicit vertex operator construction of IIB string and M theories on AdSxS remains elusive. Our symmetry mechanism parallels the construction of representations of the Monster group and affine algebras in terms of twisted conformal field theories, and may serve as a guide to the perturbative description of the IIB string on AdSxS.

1Work supported in part by the U.S. Department of Energy under Grant No. DE-FG05- 85ER40219/Task A.

2Email: dolan@physics.unc.edu 3Email: mlangham@physics.unc.edu

1 Introduction

Recently gauged supergravities have become natural candidates for low-energy limits of superstring and M theories on anti-de Sitter space times a sphere (AdSxS)[1, 2, 3, 4]. This was somewhat unexpected since conformal invariance of string theory implies a vanishing tree level cosmological constant for the higher-dimensional theory. Although sigma model descriptions have been found[5], the precise formulation of these theories via vertex operators, i.e. primary fields, has remained elusive[6]. In this paper, we assign representations of a symmetric subalgebra of the gauge symmetry of the supergravity to left and right-moving vertex operators, and show that the full gauge group representations are then regained by inverse branching rules. This mechanism is similar to the construction of affine algebras and representations of the Monster group as twisted conformal field theories[7, 8, 9]. The vertex operators associated with the gauge bosons in the supergravity multiplet thus include both bosonic and fermionic emission operators. Our identification of the subgroups may serve as a guide in the explicit construction of these vertex operators, and the subsequent description of IIB on AdSxS as a perturbative string theory.

In sect.’s 2-4, we compute symmetric subgroups for the three examples that have maximal supersymmetry. Each corresponds to a collection of p-branes whose near horizon geometry looks like AdS_{p+2} × S^{D−p−2}, where D = 10 or 11 for branes in string or M-theory, and p = 2, 3, 5. The formulation of vertex operators and string theory tree amplitudes on AdS_5 will allow access to the dual conformal SU(N) gauge field theory CF T_4 at large N, but small fixed ‘t Hooft coupling x = g^2_{Y M} N in the dual correspondence, as (g^2_{Y M} N)^12 (4π)^12 = R^2_{sph}/α^′. Presently only the large N, and large fixed ‘t Hooft coupling x limit is accessible in the CFT, since only the supergravity limit (α^′ → 0) of the AdS theory is known[10]. In sect. 5 we discuss a case with non-maximal supersymmetry.

2 IIB Superstring on AdS_5 � S^5

For p = 3, a set of D3-branes in type IIB superstring theory has near horizon geometry AdS_5 × S^5. The low-energy limit is D = 5, N = 8 gauged supergravity [11, 12, 13] and the physical massless states belong to the supermultiplet with (1; 4 + ¯4; 15 + 6 + 6; 4 + ¯4 + 20 + ¯20; 20_R + 10 + ¯10 + 1 + 1) representations of the gauge group SU(4). The last set of representations correspond to the 42 scalars which parameterize the coset space E_{6,6}/Sp_4.

The ungauged D = 5, N = 8 supergravity (corresponding to the low enery limit of the IIB superstring on Minkowski_5 × T^5) has the same number of physical states as the gauged version, but with light-cone little group Spin(3) and particle content

(5, 8 4, 27 3, 48 2, 42 1) derived below. (Spin(3) representations are underlined). Unlike the gauged version, this theory can be easily constructed from vertex operators given in terms of free worldsheet boson and fermion Fock space operators. Working in the Neveu-Schwarz Ramond formalism in light-cone gauge, we find the massless sector as follows. The left and right-moving modes are each taken to be described by eight bosonic and eight fermionic worldsheet fields [14, 15]. Both left and right-moving fermionic (Neveu-Schwarz(NS)) fields are in the 3 + 5 1 representation of Spin(3). Spin fields, corresponding to massless Ramond (R) states, transform as 4 2 of Spin(3) on each side. The (left x right) massless states of D = 5, N = 8 are given by: NS-NS (3 + 5 1) × (3 + 5 1) = 5 + 11 3 + 26 1; R-R 4 2 × 4 2 = 16 (3 + 1) NS-R (3 + 5 1) × 4 2 = 4 4 + 24 2 R-NS (3 + 5 1) × 4 2 = 4 4 + 24 2.

For the gauged version, the construction of vertex operators for the underlying type IIB string theory on AdS_5 × S^5 remains obscure, but as in superstring theory on flat space, it seems reasonable that the physical string states in this maximally symmetric theory on anti-de Sitter space are also in one-to-one correspondence with vertex operators. We show that if vertex operators with the same number of spin degrees of freedom as in the flat space case, are in the following representations of SU(2)^2 × U(1), a symmetric subgroup of the gauge group SU(4), then the resulting closed string massless states can be identified with Table 1.

The procedure is thus to identify the left and right-moving modes as certain representations of a symmetric subgroup of the supergravity gauge group. There will be massless gauge bosons from both the NS-NS and the R-R sectors. Gauge bosons corresponding to the adjoint represention of the symmetric subgroup are in the NS-NS sector. The R-R bosons carry a representation of the subgroup, and together with the NS-NS bosons they enhance the symmetry to the adjoint representation of the full gauge group. This mechanism is familiar from conformal field theory constructions of twisted affine algebras and the Monster group [7, 8, 9]. The bosons from the twisted (Ramond) sector form part of the non-abelian multiplet.

A symmetric subgroup has the property that its structure constants can be written as f_{ABC} = {f_{abc}, f_{aIJ} , otherwise 0}, for 1 ≤ A ≤ dimension of the gauge group, 1 ≤ a ≤ dimension of the subgroup, and A = {a, I}. See for eg. ref [16]. The fact that the subgroup we choose is a symmetric subgroup, where a labels states in the NS sectors and I states in the Ramond sectors, leads to a correlation between allowed trilinear string state couplings (ie NS-NS-NS, or NS-R-R, but not NS-NS-R nor R-R-R) and the gauge couplings (f_{abc} or f_{aIJ} non-zero, but f_{abI} = f_{IJK} = 0). This feature holds for our three examples.

Note that although there is the same number of physical degrees of freedom in the ‘massless’ sector of the ungauged and gauged models, the light-cone little group analysis is different, and the elimination of non-physical degrees of freedom proceeds differently in the two cases [17, 12, 18, 19]. Nonetheless, for convenience in the tables, we list the gauged supergravity states by their “Spin”, i.e. what would be the lightcone little group representation in the ungauged version. The AdS vertex operators carrying these quantum numbers would thus be in “light-cone” gauge and describe physical degrees of freedom. They would be in one to one correspondence with Hilbert space states given by unitary short representations of the supergroup SU(2, 2/4), and with the non-physical degrees freedom subtracted out. The supergroup for this model, SU(2, 2/4), has 30 even generators in the subgroup SU(2, 2) × SU(4), and 32 odd generators. The even subgroup is the isometries of AdS_5 and S^5 respectively, where the algebras su(2, 2) ∼ so(2, 4) and su(4) ∼ so(6).

For the type IIB superstring on AdS_5×S^5, we assign the following SU(2)^2 ×U(1) representations to the left and right-moving NS modes and spin fields (the numbers in the (,) brackets are the SU(2)^2 representations, the subscripts are U(1) helicity, and the D = 5 multiplicity appears underlined preceeding each bracket): NS (left) 3 (1, 1)_0, 1 ((3, 1)_0 + (1, 1)_2 + (1, 1)_{−2}) NS (right) 3 (1, 1)_0, 1 ((1, 3)_0 + (1, 1)_2 + (1, 1)_{−2}) Ramond (left) 2 ((2, 1)_1 + (2, 1)_{−1}) Ramond (right) 2 ((1, 2)_1 + (1, 2)_{−1}).

Taking the left × right tensor products of these SU(2)^2 representations for the NS-NS, R-R, NS-R, R-NS sectors, we then reproduce the values in the last column of Table 1. Since these representations are precisely those in the branching rules of the SU(4) representations in the second column, we conjecture that vertex operators carrying such quantum numbers will reproduce the string theory with D = 5, N = 8, SU(4) gauged supergravity. Although at this time a vertex operator construction for the type IIB superstring on AdS_5 ×S^5 is not known, it seems likely that the theory has a perturbative conformal field theory description and therefore that the string states including the low-energy supergravity fields will have a vertex operator description. Our analysis presents the representation theory content for such operators.

3 M-theory on AdS_4 � S^7

For p = 2, a set of M2-branes in M-theory has near horizon geometry AdS_4 × S^7. The low-energy limit is D = 4, N = 8 gauged supergravity [20, 21, 22] and the massless states have physical degrees of freedom given by the familiar supermultiplet with (1; 8_s; 28; 56_s; 35_v + 35_c) representations of the gauge group SO(8). Here the last set of representations corresponds to the 70 scalars which parameterize the coset space E_{7,7}/SU(8). The supergroup is OSp(8/4) which has 38 even generators in the

Table 1: The massless D=5, N=8 gauged supergravity multiplet.

“Spin(3)” SU(4) rep Dynkin label Branching rules to SU (2)2 × U (1)

5 1 (000) (1, 1)0

4 4 + ¯4 (100) + (001) (2, 1)1 + (1, 2)�1 +(2, 1)�1 + (1, 2)1

3 15 + 6 + 6 (101) + (010) + (010) (1, 1)0 + (3, 1)0 + (1, 3)0 +(2, 2)2 + (2, 2)�2 +2(1, 1)2 + 2(1, 1)�2 + 2(2, 2)0

2 4 + ¯4 + 20 + ¯20 (100) + (001) + (011) + (110) (2, 1)1 + (2, 1)�1 + (1, 2)�1 + (1, 2)1 +(3, 2)�1 + (2, 3)1 +(2, 1)�3 + (2, 1)1 + (1, 2)�1 + (1, 2)3 +(3, 2)1 + (2, 3)�1 +(2, 1)3 + (2, 1)�1 + (1, 2)1 + (1, 2)�3

1 1 + 1 + 10 + ¯10 + 20R(000) + (000) + (200) + (002) + (020)2(1, 1)0 + (3, 1)2 + (1, 3)�2 + (2, 2)0 + (3, 1)�2 + (1, 3)2 + (2, 2)0 + (3, 3)0 + (2, 2)2 + (2, 2)�2 + (1, 1)0 + (1, 1)4 + (1, 1)�4

subgroup SO(2, 3) × SO(8), and 32 odd generators.

We assign the following SU(2)^4 representations to the left and right-moving NS modes and spin fields where the ( , , , ) bracket labels SU(2)^4, and the first bracket labels the “Spin(2)” as in the first column of Table 2: NS (left) (±1) (1,1,1,1), (0) ( (3,1,1,1) + (1,3,1,1) ) NS (right) (±1) (1,1,1,1), (0) ( (1,1,3,1) + (1,1,1,3) ) Ramond (left) (±1/2) (2,2,1,1) Ramond (right) (±1/2) (1,1,2,2).

Computing the left × right tensor products of these SU(2)^4 representations for the NS-NS, R-R, NS-R, R-NS sectors, we reproduce the values in the last column of Table 2, and conjecture that vertex operators in light-cone gauge carrying such quantum numbers will be useful in contructing string theory with D = 4, N = 8, SO(8) gauged supergravity as its low-energy limit [23].

4 M-theory on AdS_7 � S^4

For p = 5, a set of 5-branes in M-theory has near horizon geometry AdS_7 × S^4. The low-energy limit is D = 7, N = 4 gauged supergravity [24, 25, 26, 27] and the massless supergravity multiplet has (1; 4; 5; 10; 16; 14) representations of the gauge group SO(5). The 14 scalars parameterize the coset space SL(5, R)/SO(5). The

Table 2: The massless D=4, N=8 gauged supergravity multiplet.

\Spin(2)" SO(8) rep Dynkin label Branching rules to SU (2)^4

�2 1 (0000) (1,1,1,1) �3/2 8s (0001) (2,2,1,1) + (1,1,2,2) �1 28 (0100) (3,1,1,1) + (1,3,1,1)

+(1,1,3,1) + (1,1,1,3) + (2,2,2,2)

�1/2 56s (1010) (2,2,1,1) + (1,1,2,2)

+(2,2,3,1) + (2,2,1,3) +(3,1,2,2)+(1,3,2,2)

0 35_v + 35_c (2000) + (0020) (3,1,3,1) + (1,3,1,3) +(1,3,3,1) + (3,1,1,3) + 2(2,2,2,2) + 2(1,1,1,1)

supergroup is OSp(2, 6/4) which has 38 even generators in the subgroup SO(2, 6) × SO(5), and 32 odd generators. This is the simplest of our three examples. We choose the su(2)^2 symmetric subalgebra of so(5) as listed in Table 4 and assign the following SU(2)^2 representations to the left and right-moving NS modes and spin fields:

NS (left) 5 (1,1), 1 (3,1) NS (right) 5 (1,1), 1 (1,3) Ramond (left) 4 (2,1) Ramond (right) 4 (1,2).

The tensor products of the SU(2)^2 representations which then result in the NS- NS, R-R, NS-R, R-NS sectors are computed in the last column of Table 3. These representations are those which occur in the branching rules for SO(5) ⊃ SU(2)^2 and give the representations in the second column that are found in the D = 7, N = 8 SO(5) gauged supergravity multiplet. The properties of the structure constants in a symmetric subalgebra ensure that gauge couplings of the states are consistent with string tree amplitudes for NS and Ramond states.

5 IIB Superstring on AdS_3 � S^3

Finally, we consider the non-maximally supersymmetric case of the IIB string on AdS_3 × S^3 × M^4, where M^4 is either T^4 or K3 [6, 28, 29, 30, 31, 32, 34, 35]. The

Table 3: The massless D=7, N=4 gauged supergravity multiplet.

\Spin(5)" SO(5) rep Dynkin label Branching rules to SU (2)�SU(2)

14 1 (00) (1,1) 16 4 (10) (2,1) + (1,2) 10 5 (01) (1,1) + (2,2) 5 10 (20) (1,3) + (3,1) + (2,2) 4 16 (11) (2,1) + (1,2) + (3,2) + (2,3) 1 14 (02) (1,1) + (2,2) + (3,3)

Table 4: Symmetric subgroups.

p Low energy theory Supergravity gauge group Symmetric subgroup

2 D = 4, N = 8 SO(8) SU (2)^4 3 D = 5, N = 8 SU (4) SU (2)^2 � U (1) 5 D = 7, N = 4 SO(5) SU (2)^2

supergroup for this model is SU(2/1, 1) × SU(2/1, 1), which has 12 even generators in the subgroup SU(1, 1) × SU(1, 1) × SO(4), and 16 odd generators. SU(1, 1)^2 is the isometry group of AdS_3 and SO(4) that of S^3. The low-energy limit is D = 3, N = 8, SO(4) gauged supergravity. In three dimensions the graviton and gravitinos do not have physical degrees of freedom, and the physical spectrum consists of n copies of eight bosons and eight fermions in representations of the gauge group SO(4) given by n ((2, 2) + 4(1, 1); 2(1, 2) + 2(2, 1)), where n = 5 for M^4 = T^4 and n = 21 for M^4 = K3.

Because both AdS_3 and S^3 are group manifolds, a vertex operator construction is straightforward in this theory. AdS_3 corresponds to the SU(1, 1) manifold, and S^3 is the SU(2) manifold. The gauge symmetry algebra so(4) ∼ su(2)^2 thus appears explicitly as left and right worldsheet su(2) currents, and in this AdS_3 case there is no symmetric subalgebra construction. That is to say, the vertex operators carry quantum numbers of the full gauge symmetry group, even before taking the left times right tensor products. So no new gauge symmetry generators appear in the Ramond sector in this non-maximally supersymmetric example, in contrast to our suggestion for the maximally symmetric cases discussed in sect.’s 2-4.

6 Conclusions

In the three maximally symmetric examples of the AdS/CFT correspondence, we have analyzed the representations of the gauged supergravities in terms of symmetric subalgebras. Although each of the gauge algebras in our models, ie. su(4) ∼ so(6), so(8) and so(5) ∼ sp_2, has several symmetric subalgebras, we identify a particular one (for each case) that appears to have a natural role in terms of the quantum numbers of left and right-moving vertex operators. In the case of AdS_5 (SU(4)), our symmetric subgroup SU(2) × SU(2) × U(1) coincides with the subgroup with respect to which SU(4) has Jordan structure used [13, 36] in the oscillator method to construct unitary irreducible representations of the AdS theory. A direct connection between this latter construction and a vertex operator construction, however, is not apparent.

The enhancement of gauge symmetry from the subalgebra that occurs as a current algebra in each sector is familiar from the conformal field theory construction of affine algebras and sporadic groups by twisted i.e. orbifold-like conformal field theories. For example, for an E_8 affine algebra, the untwisted and twisted sectors each carry a representation of the subgroup SO(16), but together the two sectors can be combined by an inverse branching ratio to form E_8 representations, with some of the states in the adjoint representation of E_8 coming from the twisted sector. In this case, the currents will consist of both superfields and spin fields.

References

[1] J. Maldacena, “The Large N Limit of Superconformal Field Theories and Supergravity,” hep-th/9711200;

[2] S. Gubser, I. Klebanov, and A. Polyakov, “Gauge Theory Correlators from Noncritical String Theory,” hep-th/9802109;

[3] E. Witten, “Anti-de Sitter Space and Holography,” hep-th/9802150 ; [4] E. Witten, “Anti-de Sitter Space, Thermal Phase Transition, and Confinement in Gauge Theories,” hep-th/9803131.

[5] R. Metsaev and A. Tseytlin, “Type IIB superstring action in AdS_5 × S^5 Background,” hep-th/9805028;

[6] A. Giveon, D. Kutasov, and N. Seiberg, “Comments on String Theory on ADS(3),” hep-th/9806194.

[7] I. Frenkel, J. Lepowsky and A. Meurman,

Vertex Operator Algebras and the Monster, Academic Press, New York, 1988.

[8] L. Dolan, P. Goddard, and P. Montague, “Conformal Field Theory of Twisted Vertex Operators,” Nucl. Phys. B338 (1990) 529.

[9] E. Corrigan and T. Hollowood, Nucl. Phys. B303 (1988) 135, B304 (1988) 77. [10] D. Freedman, S. Mathur, A. Matusis, and L. Rastelli, “Correlation Functions in the CFT/AdS Correspondence”, hep-th/9804058.

[11] M. Gunaydin, L. Romans and N. Warner, “Gauged N = 8 Supergravity in Five Dimensions,” Phys. Lett. B154 (1985) 268; M. Gunaydin, L. Romans and N. Warner, “Compact and Non-Compact Gauged Supergravity Theory Theories in Five Dimensions,” Nucl. Phys. 272 (1986) 598.

[12] H. Kim, L. Romans and P. van Nieuwenhuizen, “The Mass Spectrum of Chiral N=2 D=10 Supergravity on S^5,” Phys. Rev. D32 (1985) 389.

[13] M. Gunaydin and N. Marcus, “The Spectrum of the S^5 Compactification of the Chiral N=2 D=10 Supergravity and the Unitary Supermultiplets of U(2, 2/4),” Class. Quant. Grav. 2 (1985) L11.

[14] M. Green, J. Schwarz and E. Witten, Superstring Theory, vols. 1 and 2, Cambridge U.P., Cambridge, 1987.

[15] R. Bluhm, L. Dolan and P. Goddard, “Unitarity and Modular Invariance as Constraints on Four-dimensional Superstrings,” Nucl. Phys. B309 (1988) 330.

[16] R. Slansky, “Group Theory for Unified Model Building,” Phys. Rep. 79 (1981) 1 (see his table 17, p.89).

[17] L. Andrianopoli and S. Ferrara, “K-K excitations on AdS_5 ×S^5 as N = 4 Primary Superfields,” Phys. Lett. B430 (1998) 248-253, hep-th/9803171.

[18] E. Sezgin and P. Sundell, “Higher Spin N = 8 Supergravity,” hep-th/9805125. [19] S. Ferrara, C. Fronsdal, and A. Zaffaroni, “On N = 8 Supergravity on AdS_5 and N = 4 Superconformal Yang-Mills Theory,” hep-th/9802203.

[20] B. de Wit and H. Nicolai, “N = 8 Supergravity,” Nucl. Phys. B208 323 (1982). [21] M. Duff, B. Nilsson and C. Pope, “Kaluza-Klein Supergravity,” Phys. Rep. 130 (1986) 1.

[22] M. Gunaydin and N. Warner, “Unitary Supermultiplets of OSp(8/4, R) and the Spectrum of the S^7 Compactification of 11-Dimensional Supergravity,” Nucl. Phys. B272 (1986) 99.

[23] L. Dolan, “Gauge Symmetry in Background Charge Conformal Field Theory,” Nucl. Phys. B489 (1997) 245, hep-th/9610091; L. Dolan and S. Horvath, “BRST Properties of Spin Fields,” Nucl. Phys. B448 (1995), 220, hep-th/9503210; L.

Dolan and S. Horvath, “Gauge Bosons in Superstring Theory,” Nucl. Phys. B416 (1994), 87.

[24] M. Pernici, K. Pilch and P. van Nieuwenhuizen, “Gauged Maximally Extended Supergravity in Seven Dimensions,” Phys. Lett.B143 (1984) 103.

[25] M. Gunaydin, P. van Nieuwenhuizen and N. Warner, “General Construction of the Unitary Representations of Anti de Sitter Superalgebras and the Spectrum of the S^4 Compactification of 11-Dimensional Supergravity,” Nucl. Phys. B255 (1985) 63.

[26] K. Pilch, P. Townsend and P. van Nieuwenhuizen, Nucl. Phys. 242 (1984) 377. [27] P. van Nieuwenhuizen, “The Complete Mass Spectrum of d=11 Supergravity Compactified on S^4 and a General Mass Formula for Arbitrary Cosets on M_4,” Class. Quant. Grav. 2 (1985) 1.

[28] S. Deger, A. Kaya, E. Sezgin and P. Sundell, “Spectrum of D = 6, N = 4b Supergravity on AdS_3 × S^3,” Nucl. Phys. B536 (1998) 110-140, hep-th/9804166.

[29] J. de Boer, “Six-dimensional Supergravity on S^3 × AdS_3 a 2d Conformal Field Theory,” hep-th/9806104.

[30] F. Larsen, “The Perturbative Spectrum of Black Holes in N = 8 Supergravity,” Nucl. Phys. B536 (1998) 258-278, hep-th/9805208.

[31] D. Kutasov, F. Larsen and R.G. Leigh, “String Theory in Magnetic Monopole Backgrounds,” hep-th/9812027.

[32] J. Maldacena and A. Strominger, “Black Holes and a String Exclusion Principle,” hep-th/9804085.

[33] J.M. Evans, M.R. Gaberdiel and M.I. Perry, “The No-ghost Theorem for AdS_3 and the Stringy Exclusion Principle,” hep-th/9806024.

[34] J. de Boer, H. Ooguri, H. Robins and J. Tannenhauser, “String Theory on AdS_3,” hep-th/9812046.

[35] M. Günaydin, G. Sierra and P.K. Townsend, “The Unitary Supermultiplets of d = 3 Anti-de Sitter and d = 2 Conformal Superalgebra,”Phys. Lett. B180 (1986) 429.

[36] M. Günaydin and C. Saclioglu, “Bosonic Construction of the Lie Algebra of Some Noncompact Groups Appearing in Supergravity Theories and Their Oscillatorlike Representations,” Phys.Lett.B108 (1982) 180; “Oscillator-Like Unitary Representation of Noncompact Groups with a Jordan Structure and the Noncompact Groups of Supergravity,” Comm.Math.Phys.87 (1982) 159; I. Bars and M. Günaydin, “Unitary Representations of Noncompact Supergroups,”Commun. Math. Phys.91 (1983) 31.