hep-th/9905071 11 May 1999

UT-846

11-dimensional curved backgrounds for supermembrane in superspace

Shibusa Yuuichirou

Department of Physics,University of Tokyo Hongo 7-3-1,Bunkyo-ku,Tokyo 113-0033,Japan

Abstract

We compute part of the superfield in terms of the component fields of 11- dimensional on-shell supergravity by using ‘Gauge completion’ in 2nd-order formalism. The result is the same as was derived recently in 1.5-order formalism by B. de Wit, K. Peeters and J. Plefka. We use 2nd-order formalism because in order to hold ˇ-invariance generally 2nd-order formalism is more hopeful and simpler than 1.5-order formalism.

1 Introduction

Some years ago, T. Banks, W. Fischler, S. H. Shenker and L. Susskind (BFSS) proposed that Matrix theory gives a complete description of light-front M-theory [1]. It had been proposed as a theory of D0-branes by E. Witten [2].

In two years following the BFSS conjecture, it has become clear that Matrix model encodes a remarkable amount of the structure of M-theory and 11-dimensional supergravity(for reviews, see [3]). The interaction between gravitons in Matrix theory has been shown to agree with supergravity to some extent [4].

However, this theory is constructed on flat spacetime, therefore Matrix theory on curved backgrounds is required. For single D0-branes, the theory on curved backgrounds is expected to be described by Born-Infeld action [5]. For multi-particle system of D0- branes, namely Matrix model, the theory on curved backgrounds is as yet unknown. There are many trials to this problem. For example, starting from flat Matrix theory, backgrounds are produced by many D0-branes [6]. The other idea is that it is expected as supermembrane on curved backgrounds [7]. In this paper we adopt the later idea.

The theory of supermembrane is described as nonlinear sigma model [8]. Supermembrane consistently couples to 11-dimensional superspace backgrounds that satisfy a number of constraints which are equivalent to 11-dimensional on-shell supergravity [9]. After light cone gauge fixing and κ-symmetry gauge fixing, supermembrane theory on flat backgrounds is equivalent to a quantum-mechanical model with supersymmetric U(N) gauge symmetry in the large N limit by use of matrix regularization [10]. It has a continuous mass spectrum and instability [11], therefore it is expected that supermembrane matrix theory describes second quantization of D0-branes [12]. From the beginning of sigma model, it couples to general backgrounds, therefore it is expected that sigma model on curved backgrounds is candidate of Matrix theory on curved backgrounds. Actually curved backgrounds for supermembrane were investigated [7]. In this reference, they used ‘1.5-order formalism’.

In this paper, we use ‘2nd-order formalism’ because in order to hold the κ-invariance generally ‘2nd-order formalism’ is simpler and more hopeful than ‘1.5-order formalism’. We obtain the result that is the same as that was drived in this reference [7] up to obtained components. And the equations for higher order components in ‘2nd-order formalism’ are different from those in ‘1.5-order formalism’.

The paper is organized as follows. In section 2, we review the supermembrane theory and the condition of κ-symmetry. In section 3, we explain our notations of the 11-dimensional supergravity and obtain the full algebra of transformations in component formalism. In section 4, we explain our notations of the superspace geometry and obtain the full algebra of transformations in superspace. In section 5, we explain ‘gauge completion’ and compute part of the superfields. In section 6, we discuss importance of 2nd-order formalism. Other notations and conventions used throughout this paper are summarized in Appendix.

2 Supermembrane theory

Super membrane theory is described as nonlinear sigma model [8]. It is written in terms of superspace embedding coordinates Z^M (ξ) = (X^m(ξ), θ(ξ)) , which are functions of the three world-volume coordinate ξ^i(i = 0, 1, 2) .

The action is I = Z_{d3ξ(−12 √−ggijΠ ai Π bj ηab + 12√−g − 16 ϵijkΠ Ai Π Bj Π Ck BCBA), (2.1)} where g_{ij} is the metric of the world-volume, g = det(g_{ij}) and Π^A_i ≡ ∂_iZ^M E^A_M . E^A_M is supervielbein, and the 3-form B =^1_6 E^AE^BE^C B_{CBA} is potential for the closed 4-form H = dB . This action has the following symmetries, world-volume reparametrization η^i(ξ) δZ^M = η^i∂_iZ^M , δg_{ij} = η^k∂_kg_{ij} + 2∂_{(i}η^kg_{j)k}, (2.2)

κ-symmetry κ^α(ξ)

δZ^M E^a_M = 0, δZ^M E^α_M = (1 + Γ^α_β)κ^β, δ( √ −gg^{ij}) = −2(1 + Γ^α_β)κ^βΓ_{ab αγ}Π^γ_n g^{n(i}ϵ^{j)kl}Π^a_k Π^b_l + −2 3 √ −g κ^αΓ_{c αβ}Π^{kβ}Π^c_kϵ^{mn(i}ϵ^{j)pq} (Π^a_m Π_{pa}Π^b_n Π_{qb} + Π^a_m Π_{pa}g_{nq} + g_{mp}g_{nq}), (2.3)

where κ^α(ξ) is anticommuting space time spinor and the matrix Γ is defined by Γ = 1 6 √ −g ϵ^{ijk}Π^a_i Π^b_j Π^c_k Γ_{abc}. (2.4)

Up to surface terms the κ-invariance of this action imposes the following constraints on the 11-dimensional superspace geometry [9]. T^a_{αβ} = −2Γ^a_{αβ}, H_{αβ ab} = −2Γ_{ab αβ}, H_{αβγδ} = H_{αβγd} = H_{αbcd} = 0, T^α_{βγ} = T^a_{bc} = T^a_{bγ} = 0. (2.5) The equations of motion which follow from this action are 0 = g_{ij} − Π^a_i Π^b_j η_{ab}, (2.6) 0 = ∂_i( √ −gg^{ij}Π^a_j ) + √ −gΠ^b_i Π^{iC}Ω^a_{Cb} +ϵ^{ijk}Π_{ib}(Π^α_j Γ^{ab}_{αβ}Π^β_k ) + 1 6 ϵ^{ijk}Π^b_i Π^c_j Π^d_k H^a_{bcd}, (2.7) 0 = ((1 − Γ)Π^{ia}Γ_a)^α_βΠ^β_i . (2.8) Using (2.6), the action (2.1) can be rewritten as I = Z_{d3ξ(−√−g − 16 ϵijkΠ Ai Π Bj Π Ck BCBA). (2.9)} Flat superspace is characterized by E^a_m = δ^a_m , E^a_μ = −(Γ^aθ)_μ, E^α_m = 0, E^α_μ = δ^α_μ , B_{γβα} = θ̄Γ_{mn(γ}θ̄Γ^m_βθ̄Γ^n_{α)}, B_{cβα} = −θ̄Γ_{cd(β}θ̄Γ^d_{α)}, B_{cbα} = (θ̄Γ_{cb})_α, B_{cba} = 0. (2.10) In flat superspace, the action (2.9) becomes I = Z_{d3ξ{−√−g − ϵijkθ̄Γmn∂kθ(12∂iXm(∂jXn + θ̄Γn∂jθ) + 16θ̄Γm∂iθθ̄Γn∂jθ)}. (2.11)} From this action, after gauge fixing of κ-symmetry and reparametrization invariance, using matrix regularization we obtain Matrix model [10]. In this paper we don’t struggle in more detail.

3 11-dimensional supergravity

Supergravity in 11-dimensional spacetime is based on ‘elfbein’ field e^a_m , a Majorana gravitino field ψ^α_m and third rank antisymmetric gauge field C_{klm}. Its Lagrangian can be written as follows [13][7]. L = − 1 2 eR − 2eψ̄_mΓ^{mnl}D_n( 1 2 (ω + ω̂))ψ_l − 1 96 eF^2 − 1 41472 ϵ^{m1...m11} F_{m1...m4} F_{m5...m8} C_{m9...m11} − 1 96 e(ψ̄_nΓ^{m1...m4nl}ψ_l + 12ψ̄^{m1} Γ^{m2m3} ψ^{m4} )(F + F̂ )_{m1...m4} . (3.1) where e = dete^a_m , and ω^a_{m b}denotes the spin connection ω^a_{m b} = −e^{na}∂_{[m}e_{n]b} + e^{la}e^n_be^c_m ∂_{[l}e_{n]c} + e^n_b∂_{[m}e^a_{n]} +2(ψ̄_mΓ_bψ^a + ψ̄_bΓ_mψ^a − ψ̄_mΓ^aψ_b) − 1 2 ψ̄_nΓ^{a np}_{m b} ψ_p, (3.2)

and F_{klmn} denotes the field strength of the antisymmetric tensor F_{klmn} = 4∂_{[k}C_{lmn]}. (3.3) The derivative D_m is covariant with respect to local Lorentz transformations, D_m(ω)ϵ ≡ (∂_m − 1 4 ω_{mab}Γ^{ab})ϵ. (3.4) Supersymmetry transformations are equal to δ_se^a_m = 2ϵ̄Γ^aψ_m, δ_sψ_m = D_m(ω̂)ϵ + T^{rstu}_m ϵF̂_{rstu} ≡ D̂ϵ, δ_sC_{klm} = −6ϵ̄Γ_{[kl}ψ_{m]}, (3.5) with, T^{rstu}_m ≡ 1 288 (Γ^{rstu}_m − 8δ^{[r}_mΓ^{stu]}), (3.6)

where F̂ is the supercovariant field strength, F̂_{klmn} = F_{klmn} + 12ψ̄_{[k}Γ_{lm}ψ_{n]}, (3.7) and ω̂ is the supercovariant spin connection ω̂^a_{m b} = ω^a_{m b} + 1 2 ψ̄_nΓ^{a np}_{m b} ψ_p. (3.8) Note that the spin connection ω has supersymmetry variation according to elfbein and gravitino’s variation in 2nd-order formalism [14]. While in 1.5-order formalism, it is defined as a dependent field determined by its equation of motion, whereas its supersymmetry variation is treated as if it were an independent field [15]. In this paper we use 2nd-order formalism.

The gauge transformations are equal to δ_cC_{mnl} = 3∂_{[m}ξ_{nl]}. (3.9) The local Lorentz transformations are equal to δ_le^a_m = λ^a_be^b_m, δ_lψ^α_m = 1 4 λ_{ab}Γ^{abα}_βψ^β_m , δ_lω^a_{m b} = ∂_mλ^a_b + λ^a_cω^c_{m b} − ω^a_{m c}λ^c_b. (3.10) The general coordinate transformation are equal to δ_ge^a_m = ξ^n∂_ne^a_m + ∂_mξ^ne^a_n , δ_gω^a_{m b} = ξ^n∂_nω^a_{m b} + ∂_mξ^nω^a_{n b}, δ_gψ^a_m = ξ^n∂_nψ^a_m + ∂_mξ^nψ^a_n , δ_gC_{mnl} = ξ^n∂_nC_{mnl} + 3∂_{[m}ξ^kC_{jkjnl]}. (3.11) We obtain the full algebra of these transformations as follows [δ_g(ξ_1) + δ_s(ϵ_1) + δ_l(λ_1) + δ_c(ξ_{1mn}), δ_g(ξ_2) + δ_s(ϵ_2) + δ_l(λ_2) + δ_c(ξ_{2mn})] = δ_g(ξ_3) + δ_s(ϵ_3) + δ_l(λ_3) + δ_c(ξ_{3mn}), (3.12) where ξ^m_3 = ξ^n_2 ∂_nξ^m_1 + ϵ̄_2Γ^mϵ_1 − (1 ↔ 2), ϵ_3 = −ϵ̄_2Γ^nϵ_1ψ_n − ξ^n_1 ∂_nϵ_2 + 1 4 λ_{2cd}Γ^{cd}ϵ_1 − (1 ↔ 2), λ^a_{3 b} = −ϵ̄_2Γ^nϵ_1ω̂^a_{n b} − ξ^n_1 ∂_nλ^a_{2 b} + λ^a_{2 c}λ^c_{1 b} + 1 144 ϵ̄_2(Γ^{a rstu}_b F̂_{rstu} + 24Γ_{rs}F̂^{a rs}_b )ϵ_1 − (1 ↔ 2), ξ_{3mn} = −ϵ̄_2Γ^kϵ_1C_{kmn} − ϵ̄_2Γ_{mn}ϵ_1 − ξ^k_1 ∂_kξ_{2mn} − 2ξ^k_1 ∂_{[m}ξ_{2n]k} −(1 ↔ 2). (3.13)

4 Superspace representation

In this section, we explain notations of the superspace geometry and obtain the full algebra of transformations in 11-dimensional superspace. As usual, we suppose that the superspace has Lorentzian tangent space structure and the vielbein E^A_M and the connection Ω^B_{MA} and the corresponding 1-forms E^A = dz^M E^A_M , Ω^B_A = dz^M Ω^B_{MA} . (4.1) The Lorentzian assumption implies Ω_{ab} = −Ω_{ba}, Ω_{αb} = 0, Ω_{αβ} = 1 4 Ω_{ab}Γ^{ab}_{αβ}. (4.2) There are also 3-form potential B = 1 3! dz^Ldz^M dz^N B_{NML}, (4.3) and field strength 4-form H = dB = 1 4! dz^Kdz^Ldz^M dz^N H_{NMLK}. (4.4) From these basic fields we can define the torsion and curvature as follows T^A ≡ DE^A, R^B_A ≡ dΩ^B_A + Ω^C_A Ω^B_C , (4.5) where covariant derivative D is defined as follows DE^A ≡ dE^A + E^BΩ^A_B . (4.6) One then has the Bianchi identities DT^A = E^BR^A_B , DR^B_A = 0,

DH = 0. (4.7)

The supertransformation is equal to

δ_T X_{Mp...M1} = Ξ^K∂_KX_{Mp...M1} + p∂_{[Mp} Ξ^KX_{jKjMp}�_{1...M1]} (4.8)

for p-form’s components. The local Lorentz transformations are equal to

δ_LE^A = E^BΛ^A_B , δ_LΩ^A_B = −Λ^C_B Ω^A_C + Ω^C_B Λ^A_C − dΛ^A_B . (4.9)

The supergauge transformations are equal to

δ_GB_{LMN} = 3∂_{[L}Ξ_{MN ]}. (4.10)

We obtain the full algebra of these transformations as follows

[δ_T (Ξ_1) + δ_L(Λ_1) + δ_G(Ξ_{1MN}), δ_T (Ξ_2) + δ_L(Λ_2) + δ_G(Ξ_{2MN})] = δ_T (Ξ_3) + δ_L(Λ_3) + δ_G(Ξ_{3MN}), (4.11)

where,

Ξ^K_3 = Ξ^L_2 ∂_LΞ^K_1 + δ_1Ξ^K_2 − (1 ↔ 2), Λ^B_{3A} = −Ξ^K_1 ∂_kΛ^B_{2A} + δ_1Λ^B_{2A} + Λ^C_{1A} Λ^B_{2C} − (1 ↔ 2), Ξ_{3MN} = δ_1Λ_{2MN} − Ξ^K_1 ∂_KΞ_{2MN} − 2∂_{[M} Ξ_{2N ]K}Ξ^K_1 − (1 ↔ 2). (4.12)

There are a great number of component fields in superspace. Thus if we try to identify superspace representation as ordinary supergravity, there are a great number of unknown degrees of freedom. The method of this identification is known as ‘gauge completion’ [16]. We shall explain it in the next section.

5 Gauge completion

‘Gauge completion’ was introduced in order to identify superspace representation as onshell supergravity [16]. In this section we review this method and compute part of the superfield in terms of the on-shell supergravity fields.

Using this method in 2nd-order formalism, up to first order in anticommuting coordinates, the superfield component was investigated by E. Cremmer and S. Ferrara [9]. And in 1.5-order formalism, part of component at second order in anticommuting coordinates was investigated by B. de Wit, K. Peeters and J. Plefka [7].

‘Gauge completion’ is finding the superfields and superparameters which are compatible with ordinary supergravity. That is to say, supertransformations (4.8) - (4.10) are identified as transformations in 11-dimensional spacetime (3.5) - (3.11) and the θ = 0 components of superfields and super parameters are identified as the fields and parameters of ordinary supergravity.

Firstly, a gauge is chosen as follows E^{a(0)}_m = e^a_m , E^{α(0)}_m = ψ^α_m , Ω^{a(0)} mb = −ω̂^a_{m b}, Ξ^{m(0)} = ξ^m, Ξ^{α(0)} = ϵ^α, Ξ^{(0)}_{mn} = ξ_{mn}, B^{(0)}_{mnl} = C_{mnl}. (5.1) From (4.9) and (3.10), we obtain

Λ^{a (0)} b = λ^a_b. (5.2) And we introduce some assumptions as follows Ξ^{(0)}_{μN} = 0, Ξ^{(1)}_{μN} = 0. (5.3) Then, the higher order component in anticommuting coordinates can be obtained by requiring consistency between the algebra of superspace supergravity and that of ordinary supergravity.

To make this procedure clear, we write one simple example explicitly. We take θ = 0 component of vielbein.

According to superspace algebra, δE^a_m |_{θ=0} = (Ξ^K∂_KE^a_m + ∂_mΞ^KE^a_K + E^b_m Λ^a_b )|_{θ=0}

= ξ^k∂_ke^a_m + ∂_mξ^ke^a_k + ϵ^ν∂_ν (E^{a(1)}_m ) +∂_mϵ^ν E^{a(1)}_ν + e^b_m λ^a_b, (5.4) while in ordinary supergravity δe^a_m = ξ^k∂_ke^a_m + ∂_mξ^ke^a_k + 2ϵ̄Γ^aψ_m + λ^a_be^b_m. (5.5)

Thus, we obtain E^{a (0)} ν = 0, E^{a(1)}_m = 2θ̄Γ^aψ_m. (5.6) By this procedure, we obtain the following results.

E^a_m = e^a_m + 2θ̄Γ^aψ_m − 1 4 θ̄Γ^{acd}θω̂_{mcd} + 1 72 θ̄Γ^{rst}_m θF̂^a_{rst} + 1 288 θ̄Γ^{rstu}θF̂_{rstu}e^a_m − 1 36 θ̄Γ^{astu}θF̂_{mstu} + O(θ^3), (5.7) E^α_m = ψ^α_m − 1 4 ω̂_{mab}(Γ^{ab}θ)^α + (T^{rstu}_m θ)^αF̂_{rstu} + O(θ^2), (5.8) E^a_μ = −(Γ^aθ)_μ + O(θ^2), (5.9) E^α_μ = δ^α_μ + O(θ^2), (5.10)

Ω^a_{μb} = 1 144 {(Γ^{a rstu}_b θ)_μF̂_{rstu} + 24(Γ_{rs}θ)_μF̂^{a rs}_b } + O(θ^2), (5.11) Ω_{mab} = ω̂_{mab} + 2θ̄{e^n_ae^k_b(−Γ_kD_{[m}ψ_{n]} + Γ_nD_{[m}ψ_{k]} + Γ_mD_{[n}ψ_{k]})} −ψ̄_aΓ_bT^{rstu}_m θF̂_{rstu} + ψ̄_mΓ_bT^{rstu}_a θF̂_{rstu} + ψ̄_bΓ_aT^{rstu}_m θF̂_{rstu} −ψ̄_mΓ_aT^{rstu}_b θF̂_{rstu} − ψ̄_mΓ_aT^{rstu}_b θF̂_{rstu} +ψ̄_bΓ_mT^{rstu}_a θF̂_{rstu} + O(θ^2), (5.12) B_{mnl} = C_{mnl} − 6θ̄Γ_{[mn}ψ_{l]} + 3 4 ω̂^{cd}_{[l} θ̄Γ_{mn]cd}θ − 3 2 ω̂_{[lmn]}θ^2 − 1 96 θ̄Γ^{rstu} mnl θF̂_{rstu} − 3 8 θ̄Γ^{rs}_{[l} θF̂_{jrsjmn]} − 12θ̄Γ_aψ_{[m}θ̄Γ^a_nψ_{l]}

+O(θ^3), (5.13) B_{lmμ} = (θ̄Γ_{lm})_μ + O(θ^2), (5.14) B_{mμν} = (θ̄Γ_{mn})_{(μ}(θ̄Γ^n)_{ν)} + O(θ^2), (5.15) B_{μνρ} = (θ̄Γ_{mn})_{(μ}(θ̄Γ^m)_ν(θ̄Γ^n)_{ρ)} + O(θ^2), (5.16) Ξ^m = ξ^m + θ̄Γ^mϵ − θ̄Γ^nϵθ̄Γ^mψ_n + O(θ^2), (5.17) Ξ^μ = ϵ^μ − 1 4 λ_{cd}(Γ^{cd}θ)^μ − θ̄Γ^nϵψ^μ_n + O(θ^2), (5.18)

Λ^a_b = λ^a_b − θ̄Γ^nϵω̂^a_{n b} + 1 144 θ̄(Γ^{a rstu}_b F̂_{rstu} + 24Γ_{rs}F̂^{a rs}_b )ϵ + O(θ^2), (5.19)

Ξ_{mn} = ξ_{mn} − (θ̄Γ^pϵC_{pmn} + θ̄Γ_{mn}ϵ) + O(θ^2), (5.20) Ξ_{mμ} = O(θ^2), (5.21)

Ξ_{μν} = O(θ^2). (5.22)

3-form fields are obtained up to first order in anticommuting coordinates. In order to compute this at second order in anticommuting coordinates, the superparameter Ξ_{MN} at second order is needed. And in order to compute Ξ_{MN} at second order in anticommuting coordinates, the superparameter Ξ^M at second order is needed. Thus we can’t compute 3-form fields at second order. However, because flat geometry is known (2.10), we include the θ^3 term in B_{μνρ} and the θ^2 term in B_{mμν} for completeness.

We obtained all components which was required in order to write the action (2.1) up to θ^2 term.

The components of vielbein and 3-form field obtained above is the same as was constructed before [7]. Thus this result holds the invariance of κ-symmetry. However the other components and the equations which components of vielbein and 3-form and superparameter at second order in anticommuting coordinates must obey are different from those in reference [7]. These can be written explicitly as follows,

0 = X^k∂_ke^a_m + ∂_mX^ke^a_k − ϵ̄_2Γ^kϵ_1(ψ^μ_k ∂_μE^{a(2)}_m + ω̂_{[mjcdj}θ̄Γ^aΓ^{cd}ψ_{k]})

+2θ̄Γ^bψ_m{−ϵ̄_2Γ^nϵ_1ω̂^a_{n b} + 1 144 ϵ̄_2(Γ^{a rstu}_b F̂_{rstu} + 24Γ_{rs}F̂^{a rs}_b )ϵ_1} − 1 288 ϵ̄_2(Γ^{rstu}_{cd} F̂_{rstu} + 24Γ_{rs}F̂^{rs}_{cd} )ϵ_1θ̄Γ^aΓ^{cd}ψ_m + e^b_mY^a_b

+2{ϵ̄^ν_2 ∂_νΞ^{μ(2)}_1 − θ̄Γ^kϵ_2ψ̄_kΓ^nϵ_1ψ^μ_n + 1 4 θ̄Γ^kϵ_2ω̂_{kcd}(Γ^{cd}ϵ_1)^μ

−θ̄Γ^kϵ_2F̂_{rstu}(T^{rstu}_k ϵ_1)^μ}(Γ^aψ_m)_μ −(1 ↔ 2), (5.23)

where

X^k = ϵ^ν_2∂_ν Ξ^{k(2)}_1 + θ̄Γ^nϵ_1ϵ̄_2Γ^kψ_n + ϵ̄_2Γ^nϵ_1θ̄Γ^kψ_n, (5.24) Y^a_b = −θ̄Γ^nϵ_1ϵ̄_2Γ^kψ_nω̂^a_{k b} − ϵ^ν_1 ∂_νΛ^a_{2b} + 1 144 θ̄Γ^kϵ_1ψ̄_k(Γ^{a rstu}_b F̂_{rstu} + 24Γ_{rs}F̂^{a rs}_b )ϵ_2 − 1 18 ϵ̄_1Γ^rψ_wθ̄Γ^{a wstu}_b ϵ_2F̂_{rstu} − 2 3 ϵ̄_1Γ^tψ_kθ̄Γ^{ku}ϵ_2F̂^a_{btu} − 1 3 θ̄Γ^{tu}ϵ_2ϵ̄_1Γ^rψ^aF̂_{rbtu} − 1 3 θ̄Γ^{tu}ϵ_2ϵ̄_1Γ^sψ_bF̂^a_{stu}

−2θ̄Γ^nϵ_2e^{ka}e^l_b(−ϵ̄_1Γ_lD̂_{[n}ψ_{k]} + ϵ̄_1Γ_kD̂_{[n}ψ_{l]} + ϵ̄_1Γ_nD̂_{[k}ψ_{l]})

− 1 3 θ̄Γ^nϵ_2ϵ̄_1Γ^{st}ψ_nF̂^a_{bst} − 1 108 (θ̄Γ^{a rstu}_b ϵ_2 + 24θ̄Γ^{tu}ϵ_2e^{ra}e^s_b)ϵ̄_1Γ^{wxy}_{[rs} ψ_tF̂_{u]wxy} − 1 6 (θ̄Γ^{a rstu}_b ϵ_2 + 24θ̄Γ^{tu}ϵ_2e^{ra}e^s_b)ϵ̄_1Γ_{[rs}D̂_tψ_{u]} − 1 18 (θ̄Γ^{a rstu}_b ϵ_2 + 24θ̄Γ^{tu}ϵ_2e^{ra}e^s_b)ϵ̄_1Γ^wψ_{[r}F̂_{stu]w}. (5.25)

There are ∂_m terms in Y^a_b . Thus Ξ^{k(2)} is different from that in reference [7]. The other components are also different from that in reference [7].

6 Discussion

Using 2nd-order formalism we obtained the same results as that was given in reference [7] up to obtained components, but at higher order it seems to be different from that in 1.5-order formalism. In order to obtain superspace geometry which holds κ-invariance 2nd-order formalism may be much simpler and more hopeful than 1.5-order formalism. As seen in section 2, the condition for κ-invariance is given on torsion. From the definition of torsion (4.5),

E^β_m E^γ_n T^a_{γβ} = 2∂_{[n}E^a_{m]} + 2E^b_{[m} Ω^a_{n]b} , (6.1)

at θ = 0 component,

ψ^β_m ψ^γ_n T^a_{γβ} = 2∂_{[n}e^a_{m]} − 2e^b_{[m} ω̂^a_{n] b}. (6.2)

This is compatible with definition of spin connection (3.2) and constraint for κ-invariance (2.5).

If we use 1.5-order formalism, the constraint (2.5) is not invariant under supersymmetry transformations. Thus κ-invariance of action (2.1) will be realized in very complicated form at higher order in anticommuting coordinates.

But, if we use 2nd-order formalism we can obtain superfields which hold the conditions (2.5). Thus for higher components in order to hold κ-invariance 2nd-order formalism is expected to be more hopeful than 1.5-order formalism.

Acknowledgments

I would like to thank Y.Matsuo for valuable suggestions, and thank K. Hosomichi for valuable comments and discussions.

Appendix

Our notations are almost same as that used in a text by J. Wess and J. Bagger [17].

A Indices

We use Greek indices for spinorial components and Latin indices for vector components. And we use former alphabet for the tangent space indices and later for general coordinates indices: a, b, c, ... for tangent vector indices and k, l, m, ... for general vector indices, and α, β, ... for tangent spinorial indices and μ, ν, ... for general spinorial indices.

Superspace coordinates (x^m, θ^μ) are designated Z^M , where later capital Latin alphabet M, N, .. are collective designations for general coordinate indices. While former capital Latin alphabet A, B, .. are collective designations for tangent space indices.

B p-form superfield

Vielbein is represented by E^A_M and its inverse is Ẽ^M_A , which is defined as follows,

Ẽ^M_A E^B_M = δ^B_A ,

E^A_N Ẽ^M_A = δ^M_N . (B.1)

We introduce p-form superfields as follows,

X ≡ 1 p! dz^{Mp} ...dz^{M1}X_{Mp...M1} ≡ 1 p! E^{Ap} ...E^{A1}X_{Ap...A1} , (B.2) X_{Ap...A1} ≡ 32X_{i=1 X (i)Ap...A1 . (B.3)}

X^{(i)}

Ap...A1 is component at i-th order in anticommuting coordinates.

C Convention

We use the mostly plus metric; η_{ab} ∼ (− + ...+) . Symmetrization bracket ( ) and antisymmetrization bracket [ ] is defined as follows,

[M_1...M_N] = 1 N! (M_1...M_N + antisymmetric terms), (M_1...M_N) = 1 N! (M_1...M_N + symmetric terms). (C.1)

D Gamma matrices(11-dimensional)

Since we use the Majorana representation, all components are real.

Gamma matrix Γ^{a α}_β is defined as follows,

{Γ^a, Γ^b} = 2η^{ab}. (D.1) We lower the spinorial indices by charge conjugation matrix C_{αβ}. ψ̄_β = ψ^αC_{αβ}, Γ^a_{αβ} = C_{αγ}Γ^{a γ}_β. (D.2) The symmetric matrices are Γ^a, Γ^{a1a2} , Γ^{a1...a5} , Γ^{a1...a6} , Γ^{a1...a9} , Γ^{a1...a10} , (D.3) and antisymmetric matrices are C, Γ^{a1...a3} , Γ^{a1...a4} , Γ^{a1...a7} , Γ^{a1...a8} , Γ^{a1...a11} . (D.4) References

[1] T. Banks, W. Fischler, S. H. Shenker and L. Susskind, Phys. Rev. D55 (1997) 5112.

[2] E. Witten, Nucl.Phys. B460 (1996) 335. [3] B. Bigatti and L. Susskind, hep-th/9712072;

T. Banks, Nucl. Phys. Proc. suppl. 67 (1998) 180. [4] Y. Okawa and T. Yoneya, Nucl. Phys. B538 (1999) 67. [5] R. G. Leigh, Mod. Phys. Lett. A4 (1989) 2767. [6] Washington Taylor IV and M. V. Raamsdonk, hep-th/9904095. [7] B. de Wit, K. Peeters and J. Plefka, Nucl. Phys. B532 (1998) 99. [8] E. Bergshoeff, E. Sezgin and P. K. Townsend, Phys. Lett. 189B (1987)75; Ann.

Phys. 185 (1988) 330.

[9] L. Brink and P. Howe, Phys. Lett. 91B (1980) 384;

E. Cremmer and S. Ferrara, Phys. Lett. 91B (1980) 61.

[10] B. de Wit, J. Hoppe and H. Nicolai, Nucl. Phys. B305[FS23] (1988) 545. [11] B. de Wit, M. Luscher and H. Nicolai, Nucl. Phys. B320 (1989) 135. [12] P. K. Townsend, Phys. Lett. B373 (1996) 68.

[13] E. Cremmer, B. Julia and J. Sherk, Phys. Lett. 76B (1978) 409. [14] S. Deser and B. Zumino, Phys. Lett. 62B (1976) 335. [15] A. H. Chamseddine and P. C. West, Nucl. Phys. B129 (1977) 39. [16] R. Arnowitt and P. Nath, Phys. Lett. 56B (1975) 177;

J. Wess and B. Zumino, Phys. Lett. 66B (1977) 361; Phys. Lett. 79B (1978) 394; L. Brink, M. Gell-Mann, P. Ramondand and J. H. Schwarz, Phys. Lett. 74B (1978) 336;

P. van Nieuwenhuizen and S. Ferrara, Ann. Phys. 127 (1980) 274.

[17] J. Wess and J. Bagger, Supersymmetry and Supergravity, Princeton Univ. Press, 1983.