arXiv:hep-th/9910175 v3 13 Apr 2000

KUL-TF/99-31

hep-th/9910175

October 1999

An action for the (2; 0) self-dual tensor multiplet in a conformal supergravity background

Kor Van Hoof

Instituut voor Theoretische Fysica, Katholieke Universiteit Leuven, Celestijnenlaan 200D, B-3001 Leuven, Belgium

Abstract

We present the action for a self-dual tensor in six dimensions, coupled to a (2, 0) conformal supergravity background. This action gives rise to the expected equations of motion. An alternative look upon one of the gauge symmetries clarifies its role in the supersymmetry transformation rules and the realization of the algebra.

1 Introduction

The description of chiral bosons, antisymmetric 2p-forms in 4p + 2 dimensions with (anti)self-dual field strengths, in terms of an action has been a longstanding problem. This was caused by the first order self-duality condition. In 6 dimensions, the chiral boson is a (anti)self-dual two-tensor. By giving up explicit Lorentz invariance, it became possible to construct a new class of actions [1, 2]. In [2], six-dimensional actions were constructed with manifestly five-dimensional Lorentz invariance. A non-trivial check was needed to prove six-dimensional covariance.

The construction of a manifestly Lorentz invariant action has been established by introducing one auxiliary scalar field and two extra gauge symmetries in [3]. This auxiliary field appears non-polynomially in the action and in the two new local gauge symmetries. These bosonic symmetries make it possible to gauge away the new scalar field and reduce the number of degrees of freedom of the tensor. The gauge fixing of these symmetries in the bosonic model is studied in [4].

In [5] was proven that this Lorentz invariant action with a suitable gauge fixing (choosing a fixed direction for the derivative of the scalar) gives rise to the conjectured Feynman rules and the gravitational anomalies as in [6].

Self-dual tensors also appear in a supersymmetric context. Depending on the amount of chiral supersymmetry in six dimensions, the supersymmetric tensor multiplet contains a (anti)self-dual tensor, 2 or 4 chiral spinors and one or five scalars. In [7] is proven that the action for the rigid (2, 0) tensor multiplet is invariant under rigid superconformal symmetry. The geometrical superspace treatment of the self-dual tensor multiplet is developed in [8].

The field equations for the M5-brane [9, 10, 11] also contain a self-dual tensor. The worldvolume action is constructed in [9]. The WZ-term and the relation to the rigid superconformal model appeared in [7]. Up to now, a model for interacting self-dual tensor multiplets is lacking. In [12] is proven that this will not be a local interacting quantum field theory. The superconformal theory for a stack of n coinciding M5-branes would be relevant for the adS_7/CFT_6 version of the Maldacena conjecture. Some partial results can be found for instance in [13].

Self-dual tensors appear naturally in string theory compactifications, for instance compactifications of type I string theory on K_3 [14], of the heterotic string on K_3 [15] and of M-theory on K_3 ×S^1/Z_2 [16] in the (1, 0) context and compactifications of type IIB on K_3 [17] with (2, 0) supersymmetry in six dimensions. The (anti)self-dual tensors appear in two ways in gravitational theories. First, they are one of the components of the gravitational multiplet in Poincaré [18, 19] and conformal [20, 21] chiral supergravities in six dimensions. The rigidly supersymmetric tensor multiplets can also be realized as matter multiplets in a supergravity background. In [22], the Poincaré actions for the multiplets with self-dual tensors were constructed. The most general coupling of matter multiplets in chiral theories with one supersymmetry can be found in [24]. These chiral theories are anomalous. The (2, 0)-theory is anomaly-free when 21 tensor multiplets are coupled to supergravity [25].

By using superconformal techniques [26], the field equations for the selfdual tensor multiplet coupled to a (1, 0) and a (2, 0) conformal supergravity background were derived in [20] and [21]. In [21], the gauge-fixing of the relevant superconformal symmetries to end up with super-Poincaré symmetry, was done and the description to go from the field equations of the tensor multiplet with (2, 0) to those with (1, 0) superconformal symmetry was given.

The aim of this paper is to give the action for the self-dual tensor multiplet, coupled to conformal (2, 0) supergravity. The consistency of the action is checked by the derivation of the field equations of [21]. We give the transformation rules of the tensor multiplet that do not use the self-duality condition. These transformation rules are understood better by looking upon the first new symmetry as a gauge symmetry with the derivative of the auxiliary scalar as its gauge field. We also indicate how the algebra is changed when these transformation rules for the tensor multiplet are used and the new gauge symmetries are introduced. The transformation rules of the equations of motion are given.

The paper is organized as follows. In section 2, the field content of the Weyl multiplet is given. The (2, 0) tensor multiplet, its superconformal transformation rules and its gauge transformation with respect to the new gauge symmetries are studied. Therefore, the auxiliary scalar field a is introduced. All the three gauge symmetries play a specific role in the algebra. In section 3, the action and a sketch of the proof of its invariance under gauge and superconformal symmetry is given. This action gives rise to the field equations of [21]. Their (special) supersymmetry transformation rules are given. The last section contains the conclusions.

2 (2; 0) Superconformal multiplets

In this section, the superconformal gravitational multiplet and the self-dual tensor multiplet are introduced^1. The new gauge symmetries, essential to write down an action, are defined. The role of the new symmetries in the transformation rules and the algebra is clarified.

The (2, 0) superconformal gravitational multiplet is a representation of OSp(8^∗|4) [7]. The usual superconformal tensor calculus approach is followed to construct the Weyl multiplet: introducing gauge fields for all the superconformal symmetries, constructing curvatures, imposing conventional constraints and introducing matter fields. The Weyl multiplet then contains gauge fields and matter fields. e_μ^a, ψ^i_μ, V^{ij}_μ and b_μ are gauge fields for general coordinate transformations, supersymmetry, USp(4) R-symmetry and dilatations. The gauge fields ω_μ^{ab} for Lorentz rotations, f_μ^a for special conformal transformations and ϕ^i_μ for special supersymmetry are composite fields by the three conventional constraints. Together with the matter fields, five antiselfdual tensors T^{ij}_{abc}, sixteen fermions in χ^i_{jk} and fourteen scalars in D^{ij,kl}, they give rise to 128 + 128 degrees of freedom.

There is only one matter multiplet in the chiral (2, 0) theory: a selfdual tensor multiplet^2. It contains a self-dual tensor B_{μν} with three degrees of freedom, a set of four symplectic Majorana-Weyl fermions ψ^i and five scalars ϕ_{ij}. Some properties of these fields are summarized in table 1. In the definition of the fermions and the scalars, we made use of Ω_{ij}, the USp(4)- metric. USp(4)-indices are moved up and down using this metric as follows:

λ^i = Ω^{ij} λ_j , λ_i = Ω_{ji}λ^j . (2.1)

We start from the following on-shell (special) supersymmetry transformation rules [21]:

δB_{μν} = −ϵ̄^iγ_{μν} ψ_i + ϵ̄^iγ_{[μ}ψ^j_{ν]}ϕ_{ij} , (2.2)

δψ^i =^1_{48} H^+_{μνρ}γ^{μνρ}ϵ^i +^1_4 D̸ϕ^{ij} ϵ_j − ϕ^{ij}η_j , (2.3)

δϕ^{ij} = −4ϵ̄^{[i}ψ^{j]} − Ω^{ij}ϵ̄^kψ_k. (2.4)

In (2.3), the first term contains the self-dual part of the covariant field

1The notations, conventions and the transformation rules for the Weyl multiplet of [21] are used.

2The antiself-dual tensor multiplet is a representation of the (0; 2) antichiral algebra.

Field Type Restrictions USp(4) w

B_{μν} boson real antisymmetric tensor gauge field 1 0

ψ^i fermion γ_7ψ^i = −ψ^i 4^5_2

ϕ^{ij} boson ϕ^{ij} = −ϕ^{ji} Ω_{ij} ϕ^{ij} = 0 5 2

a boson 1 0

Table 1: The fields of the (2, 0) tensor multiplet and the auxiliary scalar a with the various algebraic restrictions on the fields, their USp(4) representations assignments and the Weyl weights w.

strength for the tensor:

H_{μνρ} ≡ 3∂_{[μ}B_{νρ]} + 3ψ̄^i_{[μ}γ_{νρ]}ψ_i −^3_2ψ̄^i_{[μ}γ_ν ψ^j_{ρ]}ϕ_{ij} −^1_2 ϕ_{ij}T^{ij}_{μνρ} , (2.5)

where H^±_{μνρ} =^1_2 ( H_{μνρ} ±^1_{3!} ε_{μνρστϕ}H^{στϕ} ) . (2.6)

The definition of the covariant field strength in (2.5) implies a choice for the matter term, which was not included in its definition in [21]. To realize the algebra with the supersymmetry transformation rules (2.2)-(2.4), the selfduality condition, H^−_{μνρ} = 0 , (2.7)

must be used. In section 3 is explained how this condition is found from the action (3.1).

The action for the self-dual tensor can be constructed by making use of one auxiliary scalar a. This scalar does not transform under supersymmetry:

δ_Qa = 0 . (2.8)

Its derivative is u_μ = ∂_μa. It always appears in the action in the following way: v_μ ≡ u_μ √ u_νg^{νρ}u_ρ . (2.9)

The contraction of the ((anti)self-dual) field strength with v_μ is defined as H_{μν} ≡ H_{μνρ}v^ρ , H^±_{μν} ≡ H^±_{μνρ}v^ρ . (2.10) There are three local bosonic gauge symmetries that act on the tensor and the field a. The first one is the usual reducible gauge transformation for a antisymmetric tensor:

δ_IB_{μν} = 2∂_{[μ}α_{ν]}; δ_Ia = 0 . (2.11)

This gauge symmetry has a reducible component:

α_μ = ∂_μα . (2.12)

The two other gauge symmetries act in the following way on B_{μν} and a: δ_{II} B_{μν} = 2H^−_{μν} ϕ √ u^2 δ_{II}a = ϕ , (2.13)

δ_{III} B_{μν} = u_{[μ}Λ_{ν]} . (2.14)

All the other fields are inert under each of these three symmetries. The H^−_{μν} in δ_{II} contains the covariant field strength (2.5). Also symmetry III has a zero mode: Λ_μ = u_μΛ. A last reducible gauge transformation is formed by a combination of I and III: α_μ = u_μΨ and Λ_μ = 2∂_μΨ.

The divergence of the auxiliary field can be considered as the gauge field of the second symmetry, since u_μ transforms into the derivative of the parameter:

δ_{II} u_μ = ∂_μϕ . (2.15)

The commutators of these gauge symmetries are:

[δ_{II} (ϕ_2), δ_{II} (ϕ_1)] = δ_{III}(4 H^−_{μν} (u^2)^{3/2}

(ϕ_1∂^νϕ_2 − ϕ_2∂^νϕ_1)) , (2.16)

[δ_{II}(ϕ), δ_{III}(Λ_μ)] = δ_I(^1_2 Λ_μϕ) + δ_{III}(2∂_{[μ}Λ_{ν]} · u^ν ϕ u^2

) . (2.17)

Their role in the gauge-fixing of the bosonic symmetries can be found in [4].

Making use of these gauge symmetries, it is possible to write down other supersymmetry transformation rules for the spinors that realize the algebra without using the self-duality condition (2.7). This comes already closer to an off-shell realization of the algebra, since the self-duality condition (2.7) must not be used any more. Therefore, we will replace the self-dual component of the field strength in (2.3) by another self-dual tensor (as in [22]), such that it gives the old transformation rule upon imposing the self-duality condition (2.7):

h^+_{μνρ} ≡^1_4 H_{μνρ} −^3_2 v_{[μ}H^−_{νρ]} . (2.18)

We can rewrite the terms with v_μ in h^+_{μνρ} as

h^+_{μνρ} = 1 4 ( H_{μνρ} − 3u_{[μ} · ( 2^H

�_{˚æ]√} u2 )) . (2.19)

The last term can be seen as the product of u_μ, the gauge field of the second symmetry as argued before (2.15), and (2.13), the II-transformation of B_{μν} . We define covariant derivatives of a field as its partial derivative minus the gauge transformation(s) where the parameter is replaced by the gauge field. In this sense, h^+_{μνρ} can be considered as the fully covariant field strength of B_{μν} , where ‘fully’ means also with respect to gauge symmetry II. h^+_{μνρ} is automatically self-dual in this way. The new supersymmetry transformation rule, which gives rise to the old one by imposing (2.7), is then: δψ^i = 1 12 h^+_{μνρ}γ^{μνρ}ϵ^i + 1 4 D̸ϕ^{ij} ϵ_j − ϕ^{ij}η_j . (2.20) By considering h^+_{μνρ} as the fully covariant field strength of B_{μν} , we understand better why this term appears in the supersymmetry transformation rules. Before, it was unclear where this self-dual tensor came form. The supersymmetry transformation rule depends also on the matter terms, proportional to ϕ_{ij}T^{ij}_{abc} in h^+_{μνρ}. This is necessary to realize the algebra (2.24) (and later also to find the invariance of the action). This was one of the reasons to include also the matter term in (2.5).

The covariant derivative of ψ^i and ϕ^{ij} and the covariant d’Alembertian of ϕ^{ij} are:

D_μψ^i = ( ∂_μ −^5_2 b_μ +^1_4 ω_μ^{ab}γ_{ab} ) ψ^i −^1_2 V^i_{μj}ψ^j

−^1_{12} h^+_{abc}γ^{abc}ψ^i_μ −^1_4 ( D̸ϕ^{ij} ) ψ_{μj} + ϕ^{ij} ϕ_{μj} , (2.21)

D_μϕ^{ij} = (∂μ − 2b_μ) ϕ^{ij} + V_μ^{[i}_kϕ^{j]k} + 4 ( ψ̄^{[i}_μψ^{j]} − trace ) , (2.22) D^aD_aϕ^{ij} = ∂^aD_aϕ^{ij} − 3b^aD_aϕ^{ij} − V^{[i}_{a k}D^aϕ^{j]k} + ω_a^{ab}D_bϕ^{ij} − 4f_a^aϕ^{ij} +4ψ̄^{[i}_a D^aψ^{j]} −^2_{15} ( ψ̄^a_l γ_aχ^{(i,k)l}ϕ^j_k − i ↔ j ) (2.23)

−^1_6ψ̄^a_kγ_aγ^{bcd}T^{k[i}_{bcd}ψ^{j]} − 4ϕ̄^{[i}_a γ^aψ^{j]} − (trace) , where f_a^a = e_a^μf_μ^a and the trace guarantees that the contraction with Ω_{ij} vanishes.

The algebra of Q- and S-transformations contains field-dependent transformations. When using (2.2), (2.20) and (2.4), the transformation rules for the self-dual tensor multiplet and the transformation rules for the Weyl multiplet, the commutators of the supersymmetries become

[δ_Q(ε_1), δ_Q(ε_2)] =^1_2 (ε̄^i_2γ^με_{1i}) D̂_μ + δ_M (−^1_2ε̄^i_2T^{abc}_{ij} γ_cε^j_1) +δ_S(−^2_{45}ε̄_{1[k}γ_aε_{2j]}γ^aχ^{(i,j)k}) + δ_K(−^1_8ε̄^i_2γ_bε^j_1 D_cT^{abc}_{ij} ) +δ_I(−^1_2ε̄^i_2γ_με^j_1ϕ_{ij}) , (2.24) [δ_S(η), δ_Q(ε)] = δ_D(−^1_2ε̄^iη_i) + δ_M (−^1_2ε̄^iγ^{ab}η_i) + δ_{USp(4)}(−4ε̄^{(i}η^{j)}) ,(2.25) [δ_S(η_1), δ_S(η_2)] = δ_K(−^1_2η̄^i_2γ^aη_{1i}) . (2.26)

Some comments can be made about this algebra:

The D̂_μ in the first term of (2.24) is a covariant general coordinate transformation [26]. This includes all the superconformal transformations, gauge symmetry I and also gauge symmetry II. The covariant general coordinate transformation with derivative D̂_μ contains terms which are a gauge transformation I, II or III. There is no natural gauge field for symmetry III, so D̂_μ is only covariant with respect to symmetry I and II.

The term in the algebra with gauge transformation I was already introduced in [20] for the case of the (1, 0) self-dual tensor. This means that each of the gauge symmetries plays a specific role in the algebra: symmetry I, II and III in the covariant general coordinate transformations, while symmetry I appears also with a field-dependent gauge transformation.

With u_μ as the gauge field for symmetry II, the algebra on a becomes

[δ_Q(ε_1), δ_Q(ε_2)] a =^1_2 (ε̄^i_2γ^με_{1i})D̂_μa =^1_2 (ε̄^i_2γ^με_{1i})(∂_μa − u_μ) = 0 , (2.27)

both for the rigid and the local supersymmetric case. So, a is a supersymmetric singlet [27].

Using the prescription of appendix B in [21], it is possible to re-derive the (1, 0)-algebra. The term with the Lorentz rotation and gauge symmetry I give immediately the right term. The terms with special conformal symmetry and special supersymmetry need more work. The relevant terms of the constraints and transformation rules differ slightly for the different cases. Also the shifts in ϕ^i_μ and f_μ^a when going to (1, 0) need to be taken into account. Also in simple chiral supergravity, symmetries I, II and III appear in the commutator of two supersymmetries.

Finally, we remark that the algebra is not realised off-shell. In the transformation of H^−_{μνρ} (3.8), the equation of motion of the spinor still appears. Therefore, in the commutator of two supersymmetries on ψ^i there also appears an equation of motion. Also the commutator of symmetry II with supersymmetry contains terms with equations of motion.

3 The superconformal action

In [7] was already proven that the action of the rigid model has superconformal invariance. Here, we give the action for the self-dual tensor multiplet with local (2, 0) superconformal symmetry. We also see that the action, as expected, gives rise to the equations of motion of [21].

The following action is invariant under local superconformal transformations and under the 3 bosonic symmetries (2.11), (2.13) and (2.14): S = ∫ d^6x √ g [ −H^−_{μν} H^{∗μν} −^1_6 H^{∗μνρ} ( 3ψ̄^i_{[μ}γ_{νρ]}ψ_i −^3_2ψ̄^i_{[μ}γ_ν ψ^j_{ρ]}ϕ_{ij} −^1_2 ϕ_{ij}T^{ij}_{μνρ} ) −4ψ̄^i D̸^′ψ_i − ψ̄^i_μγ^μ D̸^′ψ^jϕ_{ij} +^1_4 ϕ^{ij} ( ∂^aD_aϕ_{ij} − 3b^aD_aϕ_{ij} + V^a_{ki}D_aϕ_j^k + ω_a^{ab}D_bϕ_{ij} − 4f_a^aϕ_{ij} +4ψ̄_{ai}D^{′a}ψ_j + 4ϕ̄_{ai}γ^aψ_j ) −^8_{15}ψ̄^iχ^{kl}_i ϕ_{kl} +^1_{60} D^{ij,kl}ϕ_{ij}ϕ_{kl} +^1_3ψ̄_iT^{ij} · γψ_j +^1_{15}χ̄^i_{kl}ϕ^{kl}ϕ_{ij}γ^μψ^j_μ +^1_{24}ψ̄^i_μγ^μϕ_{ij}T^{jk} · γψ_k −^1_{48}ψ̄^i_μγ^μϕ_{jk}T^{jk} · γψ_i −^1_{288}ψ̄^i_μγ^μT^{jk} · γγ^νψ^l_νϕ_{ij} ϕ_{kl} +^1_{192}ψ̄^i_μγ^μT^{jk} · γγ^νψ^l_ν ϕ_{jk}ϕ_{il} −^1_{720}ψ̄^i_μγ^μT_{ij} · γγ^νψ^j_νϕ_{kl}ϕ^{kl} ] . (3.1)

In (3.1) appears the covariant derivative of ψ^i without the h^+_{μνρ}-term: D^′_μψ^i ≡ ( ∂_μ −^5_2 b_μ +^1_4 ω_μ^{ab}γ_{ab} ) ψ^i −^1_2 V^i_{μ j}ψ^j

−^1_4 ( D̸ϕ^{ij} ) ψ_{μj} + ϕ^{ij}ϕ_{μj} . (3.2)

Further, T_{ij} · γ = T^{abc}_{ij} γ_{abc}.

This action describes the coupling of a self-dual tensor in six dimensions to a conformal supergravity background. The first gauge symmetry imposes that B_{μν} only appears in a field strength in the action. The second and the third gauge symmetries impose the form of the action as given in (3.1) for terms that transform with respect to one of these symmetries. The second part of the first line contains only covariantization terms. It is imposed by the third gauge symmetry and can also be found in the local super-Poincaré actions for self-dual tensors [22]. It is absent for free chiral bosons. All the coefficients of the action are fixed by imposing invariance under supersymmetry and special supersymmetry.

The action (3.1) gives rise to the following field equations for B_{μν} , a, ψ_i and ϕ^{ij}: G^{μν} = ∂_ρ ( 4eh^{+μνρ} −^1_6 ε^{μνρστϕ}C_{στϕ} ) = 0 , (3.3) A = ∂_ϕ ( 1 √ u^2 ϵ^{μνρστϕ}H^−_{μν} H^−_{ρσ}v_τ ) = 0 , (3.4)

Γ^i = D̸ψ^i −^1_{15} ϕ^{kl}χ^i_{kl} −^1_{12} T^{ij}_{abc}γ^{abc}ψ_j = 0 , (3.5) C_{ij} = D^aD_aϕ_{ij} −^1_{15} D^{kl}_{ij} ϕ_{kl} +^1_3 h^+_{abc}T^{abc}_{ij} +^{16}_{15}χ̄^k_{ij}ψ_k = 0 . (3.6)

The equations (3.5) and (3.6) are the equations of motion as derived in [21]. Also the self-duality condition (2.7) corresponds corresponds to the self-duality equation derived there. The only difference is the one but last term in (3.6), but that is a term proportional to the self-duality condition. Rewriting (3.3) gives: G^{μν} = −ε^{μνρστϕ}∂_ρ ( v_σH^−_{τϕ} ) = 0 . (3.7)

Analogous to the rigid case, the self-duality condition (2.7) can be found by a gauge-choice of symmetry III for the most general solution of this equation of motion (if there are no global obstructions). So, this action describes a self-dual two-form.

The description using this action is more satisfactory than the one of [23]. There, first the action for an ordinary tensor is written down and the equation of motion is derived. Only then, the self-duality condition is imposed. Here the self-duality is automatically incorporated in the action and follows from the equation of motion.

The equations of motion transform in the following way into each other under (special) supersymmetry:

δH^−_{abc} = −^1_2ϵ̄^iγ_{abc}Γ_i , δA = −∂_ϕ ( 1 √ u^2 ϵ^{μνρστϕ}H^−_{μν}ϵ̄^iγ_{ρσυ}Γ_iv^υv_τ )

δG_{ab} = −ϵ̄^iγ_{abc}D^cΓ_i , δΓ^i =^1_4 C^{ij}ϵ_j +^1_8 γ^{ab}ϵ^iG_{ab} −^1_8 γ^μγ_aΓ^iϵ̄^iγ^aψ_{μi} , (3.8) δC^{ij} = −4ϵ̄^{[i} D̸Γ^{j]} +^1_8ψ̄^{[i}_μγ_aΓ^{j]}ϵ̄^iγ^aψ^{μi} − 8η̄^{[i}Γ^{j]} − (trace) .

4 Conclusions

In this article we have interpreted the second bosonic symmetry as a gauge symmetry with gauge field u_μ. Its role in the supersymmetry transformation rules and in the realization of the OSp(8^∗|4)-algebra has become more clear. It appears on the right hand side in the covariant general coordinate transformation in the commutator of two supersymmetries. One also finds that the auxiliary scalar a is a supersymmetric singlet. Gauge symmetry I appears as a field-dependent gauge transformation in the commutator of two supersymmetries.

Furthermore, we have given the action for a self-dual tensor multiplet coupled to a chiral conformal gravity background with (2, 0) supersymmetry. This action gives rise to the equations of motion found earlier in [21]. The self-duality follows from the action by imposing a gauge fixing of symmetry III. The action, (3.1), is the most general one for the coupling of self-dual tensor multiplets to (conformal) supergravity. Using the prescription of [21], the Poincaré action for n self-dual tensor multiplets can be derived from this superconformal formulation. One starts with n + 5 tensor multiplets in the vector representation of SO(n, 5). Imposing the suitable constraints that gauge-fix the appropriate superconformal symmetries (dilatations, special conformal symmetry and special supersymmetry) yields the coupling of n self-dual tensor multiplets to (2, 0) Poincaré supergravity. The 5n scalars of these n tensor multiplets parameterize the coset^{SO(n,5)}_{SO(n)×SO(5)} [19, 21].

Using the procedure in [21] to move from (2, 0) to (1, 0), one discovers the action for a self-dual tensor multiplet in a (1, 0) superconformal gravity background. For this case, a similar procedure is possible to move further towards a Poincaré description. Starting from n + 1 tensor multiplets in the vector representation of SO(n, 1) and imposing the right constraints will break the superconformal symmetry. This should give the actions of [22].

The scalars in the Poincaré theory are in^{SO(n,1)}_{SO(n)} [19]. In this context, with (1, 0) supersymmetry, couplings of actions for self-dual tensor multiplets to other matter multiplets are possible.

An interesting project would be to calculate the conformal anomaly for the self-dual tensor, e.g. by following the approach in [28] and using the ghost sector of the action for the self-dual tensor of [4]. This weak-coupling calculation can be compared with the strong-coupling result in [29].

Acknowledgments

I thank Toine Van Proeyen and Piet Claus for many stimulating discussions and useful comments and Kostas Skenderis for suggesting the project in the last paragraph. This work was supported by the European Commission TMR programme ERBFMRX-CT96-0045.

References

[1] M. Henneaux and C. Teitelboim, Phys. Lett. B206 (1989) 650.

[2] M. Perry and J. Schwarz, Nucl. Phys. B489 (1997) 47, hep-th/9611065;

J. Schwarz, Phys. Lett. B395 (1997) 191, hep-th/9701008; M. Aganagic, J. Park, C. Popescu and J. Schwarz, Nucl. Phys. B496 (1997) 191, hep-th/9701166.

[3] P. Pasti, D. Sorokin and M. Tonin, Phys. Rev. D55 (1997) 6292, hepth/9611100.

[4] C. Van Den Broeck and K. Van Hoof, Class. Quant. Grav. 16 (1999) 4011, hep-th/9905117.

[5] K. Lechner, Nucl. Phys. B537 (1999) 361, hep-th/9808025.

[6] L. Alvarez-Gaumé and E. Witten, Nucl. Phys. B234 (1984) 269.

[7] P. Claus, R. Kallosh and A. Van Proeyen, Nucl. Phys. B518 (1998) 117, hep-th/9711161.

[8] C. Grojean and J. Mourad, Class. Quant. Grav. 15 (1998) 3397, hepth/9807055.

[9] P. Pasti, D. Sorokin and M. Tonin, Phys. Lett. B398 (1997) 41, hepth/9701037.

[10] I. Bandos, K. Lechner, A. Nurmagambetov, P. Pasti, D. Sorokin and M.

Tonin, Phys. Lett. B408 (1997) 135, hep-th/9703127.

[11] P. Howe, E. Sezgin and P. West, Phys. Lett. B399 (1997) 49, hepth/9702008.

[12] X. Beckaert, M. Henneaux and A. Sevrin, Phys. Lett. B468 (1999) 228, hep-th/9909094.

[13] R. Leigh and M. Rozali, Phys. Lett. B431 (1998) 311, hep-th/9903068;

F. Bastianelli and R. Zucchini, Phys. Lett. B467 (1999) 61, hepth/9907047.

[14] M. Green, J. Schwarz and P. West, Nucl. Phys. B254 (1985) 327;

M. Bianchi and A. Sagnotti, Nucl. Phys. B361 (1991) 519. [15] M. Walton, Phys. Rev. D37 (1988) 377. [16] A. Sen, Phys. Rev. D53 (1996) 6725, hep-th/9602010. [17] N. Seiberg, Nucl. Phys. B303 (1988) 286;

E. Witten, Nucl. Phys. B443 (1995) 85, hep-th/9503124. [18] P.S. Howe, G. Sierra and P.K. Townsend, Nucl. Phys. B221 (1983) 331;

H. Nishino and E. Sezgin, Nucl. Phys. B278 (1986) 353. [19] L.J. Romans, Nucl. Phys. B276 (1986) 71.

[20] E. Bergshoeff, E. Sezgin and A. Van Proeyen, Nucl. Phys. B264 (1986) 653.

[21] E. Bergshoeff, E. Sezgin and A. Van Proeyen, Class. Quant. Grav. 16 (1999) 3193, hep-th/9904085.

[22] G. Dall’Agata, K. Lechner and M. Tonin, Nucl. Phys. B512 (1998) 179, hep-th/9710127;

F. Riccioni and A. Sagnotti, hep-th/9812042.

[23] F. Riccioni, Phys. Lett. B422 (1998) 126, hep-th/9712176.

[24] H. Nishino and E. Sezgin, Nucl. Phys. B505 (1997) 497, hepth/9703075.

[25] P. Townsend, Phys. Lett. B139 (1984) 283.

[26] B. de Wit, in Supergravity ’81, eds. S. Ferrara and J.G. Taylor (Cambridge Univ. Press, Cambridge, 1982);

A. Van Proeyen, in Supersymmetry and supergravity 1983, Proceedings of the XIXth Winter School and Workshop of Theoretical Physics Karpacz, Poland, ed. B. Milewski (World Scientific, Singapore 1983); A. Van Proeyen, in Gauge Theories, Applied Supersymmetry and Quantum Gravity, eds. A.Sevrin, K.S. Stelle, K. Thielemans & A. Van Proeyen (Imperial College Press, 1997), hep-th/9611112.

[27] E. Bergshoeff, R. Kallosh and M. Rahmanov, Phys. Lett. B223 (1989) 391.

[28] M. Henningson and K. Skenderis, JHEP 9906 (1999) 012, hepth/9905163.

[29] C. Graham and E. Witten, Nucl. Phys. B546 (1999) 52, hepth/9901021.