arXiv:hep-th/0212055 v1 4 Dec 2002

Solutions of Vacuum Superstring Field Theory

Alexey Koshelev Steklov Mathematical Institute, Moscow, Russia Physics Department, University of Crete, Greece

alex-kas@yandex.ru

Abstract In this report we review^1 a structure of cubic Vacuum Superstring Field Theory and known solutions to its equation of motion.

1 Introduction

During the last two years the bosonic vacuum string field theory (VSFT) proposed to describe physics around the bosonic tachyon vacuum [4] has been investigated in many papers [5]-[11]. VSFT action has the same form as the original Witten SFT action [12], but with a new differential operator Q (for a review of SFT see [13, 14, 15] and references therein). The absence of physical open string excitations around the tachyon vacuum [16, 17] supports a suggestion [4] that after some field redefinition Q can be written as a pure ghost operator. Under this assumption solutions to VSFT equation of motion admit a factorized form with the projector-like matter part.

A generalization of VSFT to superstrings has been discussed in [4] and more recently in [1]-[3],[11] and [18] in the context of cubic SSFT [19, 20] and non-polynomial SSFT [21], respectively. Open fermionic string in the NSR formalizm has a tachyon in the GSO− sector that leads to a classical instability of the perturbative vacuum in the theory without supersymmetry. It has been proposed [16] to interpret the tachyon condensation in the GSO− sector of the NS string as a decay of unstable non-BPS D9-brane.

In this note we consider a construction of cubic Vacuum Superstring field Theory and solution to its equation of motion. Actually, this means a construction of a new BRST charge while the structure of the action will be the same. This question is considered in Section 2. In Section 3 we consider solution to the matter part of the fermionic sector of the NS string, the NS sliver. In Section 4 NS ghost sliver is considered.

1This report is based on the papers [1]-[3].

2 Cubic Vacuum String Field Theory on a non-BPS D-brane

To describe the open string states living on a single non-BPS D-brane one has to consider GSO± states [16]. GSO− states are Grassmann even, while GSO+ states are Grassmann odd. The unique (up to rescaling of the fields) gauge invariant cubic action unifying GSO+ and GSO− sectors is [22]

S[A_+, A_−] = 1 g^2_o [ 1 2 ⟨⟨Y_{−2}|A_+, Q_BA_+⟩⟩ + 1 3 ⟨⟨Y_{−2}|A_+, A_+, A_+⟩⟩ + 1 2 ⟨⟨Y_{−2}|A_−, Q_BA_−⟩⟩ − ⟨⟨Y_{−2}|A_+, A_−, A_−⟩⟩ ] . (1)

Here the factors before the odd brackets are fixed by the constraint of gauge invariance, that is specified below, and reality of the string fields A_±. Variation of this action with respect to A_+, A_− yields the following equations of motion (see [22] for details)

Q_BA_± + A_+ ⋆ A_± − A_− ⋆ A_∓ = 0 (2)

The action (1) is invariant under the gauge transformations

δA_± = Q_BΛ_± + [A_±, Λ_+] + {A_∓, Λ_−}

where [ , ] ({ , }) denotes ⋆-(anti)commutator and Λ_± are gauge parameters.

The action (1) can be rewritten in the matrix form as

S[Â] = 1 2g^2_o Tr [ 1 2 ⟨⟨Y_{−2}|Â, Q̂_BÂ⟩⟩ + 1 3 ⟨⟨Y_{−2}|Â, Â, Â⟩⟩ ] , (3)

Q̂_B = Q_B ⊗ a, Ŷ_{−2} = Y_{−2} ⊗ a, Â = A_+ ⊗ a + A_− ⊗ b and a and b are 2 × 2 matrices such that a^2 = 1, b^2 = −1 and {a, b} = 0.

The action (3) is invariant under GSO symmetry transformation given by Â → ((−1)^F ⊗ 1)Â, and twist symmetry transformation Ω which action on the string field is given via conformal transformation M(z) = e^{−πi}z. One can check that the BRST charge Q̂_B commutes with (−1)^F ⊗ 1 and Ω.

Let Â_0 be a solution to the equations (2). A shift of a string field Â = Â_0 + Â yields the following form of the action (3)

S[Â_0, Â] = S[Â_0] + 1 2g^2_o Tr [ 1 2 ⟨⟨Y_{−2}|Â, Q̂Â⟩⟩ + 1 3 ⟨⟨Y_{−2}|Â, Â, Â⟩⟩ ] , (4) where Q̂ is “a new BRST charge” of the form

Q̂ = Q̂_B + {Â_0, ·}. (5)

Further we will refer to Q̂ as a kinetic operator. One can check that the equation Q̂^2 = 0 yields the equation of motion for the field Â_0 and therefore Q̂ is nilpotent.

The kinetic operator can be written in the form

Q̂ = Q_{odd} ⊗ a + Q_{even} ⊗ b. (6)

The nilpotency of the Q̂ yields the following identities for the operators Q_{odd} and Q_{even} Q^2_{odd} − Q^2_{even} = 0 and [Q_{odd}, Q_{even}] = 0. (7)

Equations of motion following from the VSFT action (4) have the same form as for the action (3) but with the shifted BRST operator Q̂. In components these equations are

Q_{odd}A_± − Q_{even}A_∓ + A_+ ⋆ A_± − A_− ⋆ A_∓ = 0. (8)

According to Sen conjectures [16] the solution Â_0 represents the vacuum without open string excitations^2, and therefore the cohomology of the kinetic operator Q̂ must be zero.

In proposing a simple form of the vacuum SSFT action, we have in mind field redefinition, which preserves the form of the cubic action, but simplifies the expression for the kinetic operator Q̂. By an appropriate field redefinition

Û = U_{even} ⊗ 1 + U_{odd} ⊗ ab (9a)

we will assume a ⋆-algebra homomorphism Û (Â ⋆ B̂) = (ÛÂ) ⋆ (ÛB̂), which satisfies two additional conditions: Tr ∫_′ ÛÂ = Tr ∫_′ Â and an existance of Û^{−1} : ÛÛ^{−1} = 1. (9b)

The ^ in the expressions for the field redefinition Û is very important since this transformation acts in both GSO+ and GSO− sectors. Using (9) one

2This conjecture has been checked for the non-BPS brane decay only at the first nontrivial level [15].

can check that after the field redefinition Â → ÛÂ the kinetic operator transforms into Q̂ = Û^{−1}Q̂Û. Note that the transformation Û is highly nontrivial and mixes GSO+ and GSO− sectors.

Consider the standard BRST charge in the superconformal field theory

Q_B = 1 2πi ∮ dζ [ c(T_B + T_ϕ + T_{ηξ} + 1 2 T_{bc}) − ηe^ϕT_F + 1 4 b∂ηηe^{2ϕ} ] . (10)

One can check that after the homogeneous field redefinition [23]

U = e^{−R}, where R = 1 2πi ∮ dζ [ cT_F e^{−ϕ}e^χ + 1 4 ∂(e^{−2ϕ})e^{2χ}c∂c ] (11)

the BRST charge (10) takes the form

Q = U^{−1}Q_BU = 1 2πi ∮ dζ bγ^2(ζ). (12)

Following the idea of the paper [4], which is based on Sen conjectures, gauge invariance and algebraic properties of the BRST charge, we require Q̂ to satisfy the following properties:

1. Q̂ = Q_{odd} ⊗ a + Q_{even} ⊗ b;

2. Both Q_{odd} and Q_{even} have superghost number equal to one, but Q_{odd} is Grassmann odd, while Q_{even} is Grassmann even;

3. Q̂ is a nilpotent operator, that in components means the identities

Q^2_{odd} − Q^2_{even} = 0 and [Q_{odd}, Q_{even}] = 0;

4. Q̂(Â ⋆ B̂) = (Q̂Â) ⋆ B̂ + (−1)^{|Â|}Â ⋆ (Q̂B̂), In particular, this identity means that operators Q_{odd} and Q_{even} also satisfy the Leibnitz rule;

5. Tr

∫_′^ Q(Â ⋆ B̂) = 0;

6. The operator Q̂ must be universal, what means that it has to be written without reference to the brane boundary CFT;

7. The operator Q̂ must have vanishing cohomology;

8. [Ŷ_{−2}, Q̂] = 0 or {Ŷ_{−2}, Q̂} = 0. We need this axiom to relate the axiom 5 with the fact that Q̂ annihilates the identity |I⟩. Therefore we can have several variations of this axiom and in general we only need something like the following

Q_{odd}Y_{−2} ± Y_{−2}Q_{odd} = 0 and Q_{even}Y_{−2} ± Y_{−2}Q_{even} = 0;

Plus/minus in these formulae can be chosen independently.

9. Q̂ is a hermitian operator, which means that both Q_{odd} and Q_{even} are hermitian ones.

Since A_{0,+} ≠ 0 and A_{0,−} ≠ 0 we believe that after the field redefinition both charges Q_{odd} and Q_{even} are non zero.

The following ghost kinetic operator satisfies all above axioms [1, 11]

Q_{odd} = μ^2 4i [ c(i) − c(−i) ] + 1 2πi ∮ b(z)γ^2(z)dz, (13a)

Q^+_{even} = μ 2i [ γ(i) − γ(−i) ] , Q^−_{even} = μ 2 [ γ(i) + γ(−i) ] , (13b)

where Q^±_{even} means the restriction of the operator Q_{even} to GSO± sectors and μ is a complex number.

In some sense (13) is the only form for the kinetic operator which satisfies the twist invariance and the above conditions. One can explain it as follows. Following [9] consider an original (before field redefinition) BRST charge Q defined as Q = ∑ r 1 2πi ∮ dζ a_r(ζ)O_r(ζ) (14)

where a_r are smooth forms of ζ and O_r(ζ) are some local conformal operators of ghost number 1. It was shown in [9] that after a singular field redefinition the dominant contribution to the transformed charge Q will come from the lowest dimensional conformal operators. This has led to the choice of c(i) and c(−i) in the bosonic case, and this also leads to our choice of Q_{even}, since γ is the lowest dimensional even primary operator of ghost number 1.

3 NS Matter Sliver

While after the field redefinition the kinetic operator of VSFT has a pure ghost form it is natural to search for solutions to VSFT equation of motion in the factorized form Φ = Ξ_{matter} ⊗Φ_{ghost}, where Ξ_{matter} satisfies a projectorlike equation: Ξ_{matter} = Ξ_{matter} ⋆ Ξ_{matter}. (15) An equation similar to (15) has appeared in a construction of solitonic solutions in noncommutative field theories in the large non-commutativity limit [24].

A way to solve projection equation (15) for the bosonic matter has been proposed by Rastelli and Zwiebach [5]. They have constructed a solution to (15) as the n → ∞ limit of the wedge states |n⟩. The wedge states are defined on CFT language and they satisfy the algebra |n⟩ ⋆ |m⟩ = |n + m − 1⟩. (16) From algebra (16) it immediately follows that |∞⟩, the so-called sliver state, satisfies (15).

Now we are going to construct the fermionic sliver state using CFT methods. We refer reader to [2] in order to find the algebraic construction of the fermionic sliver state. We have to note that numeric calculations show a conspicous agreement between algebraic and CFT methods [2].

A generalization of the bosonic wedge states [5, 6] to the fermionic wedge states is straightforward. Wedge states |n⟩ are defined by ⟨n|ϕ^ψ⟩ = ⟨f_n ∘ ϕ^ψ (0)⟩, (17) where |ϕ^ψ⟩ is an arbitrary state which belongs to the fermionic subspace, f_n ∘ ϕ^ψ(ξ) denotes the conformal transform of ϕ^ψ(ξ) and f_n(ξ) is the same as in the bosonic case, i.e.

f_n(ξ) = n 2 tan ( 2 n tan^{−1} ξ ) . (18)

The wedge state with n = 1 corresponds to the identity of the star algebra and with n = 2 corresponds to the vacuum.

Taking the limit n → ∞ in (18) one derives the conformal map for the sliver state |∞⟩ w(ξ) = tan^{−1}(ξ). (19) For a state |Λ⟩ ∝ exp(1/2ψ^†_r Λ_{rs}ψ^†_s )|0⟩, corresponding to a conformal map λ(ξ) one gets

Λ_{rs} = ∮ dξ 2πı ∮ dξ^′ 2πı ξ^{−r− 12} ξ^{′−s− 12} ( ∂λ(ξ) ∂ξ ) 1_2 1 λ(ξ) − λ(ξ^′) ( ∂λ(ξ^′) ∂ξ^′ ) 1_2 . (20)

Here ∮ denotes the contour integration around the origin. Substituting the sliver conformal map (19) one gets that the conformal sliver |Ξ̃^ψ⟩ ≡ |∞⟩ is defined as |Ξ̃^ψ⟩ = Ñ^{10} exp( 1 2 ψ^†_rS̃_{rs}ψ^†_s)|0⟩, (21)

S̃_{rs} = ∮ dξ 2πı dξ^′ 2πı ξ^{−r− 12} ξ^{′−s− 12} 2ı √ 1 + ξ^2 √ 1 + ξ^{′2} ln ( (1 + iξ)(1 − iξ^′) (1 − iξ)(1 + iξ^′) ) . (22) The matrix S̃_{rs} can be calculated explicitly. Only coefficients with r + s = even differ from zero.

4 NS ghost sliver

Ghost part of VSFT equations of motion has been studied in [8, 9]. It was observed that a sliver constructed in the twisted conformal theory with new SL(2, R) invariant vacuum solves the ghost part of VSFT equation of motion. This equation is a usual SFT equation of motion with a canonical choice of ghost kinetic term that is a local insertion at the string midpoint.

We present here the twisted superghost conformal theory and derive corresponding equations in analogy with the one constructed by Gaiotto, Rastelli, Sen and Zwiebach [9]. We refer the reader to [3] where algebraic construction of the NS ghost sliver can be found.

A twisted CFT is introduced by subtracting from the stress energy tensor T (w) of the (β, γ) system the derivative of U(1) ghost number current j as follows T^′(w) = T (w) − ∂j(w), T̄^′(w̄) = T̄ (w̄) − ∂j̄(w̄), j = −βγ. (23) More explicitly for the holomorphic stress energy tensor one obtains T (w) = − 3 2 β∂γ(w) − 1 2 ∂βγ(w), with c = 11, (24)

T^′(w) = − 1 2 β^′∂γ^′(w) + 1 2 ∂β^′γ^′(w), with c = −1, (25)

where (β^′, γ^′) denotes the superghosts of the twisted CFT and c is the central charge. The weights of these new β^′ and γ^′ become equal to 1/2 and the superghost current j^′ = −β^′γ^′ has no anomaly. Fermionic ghosts in the original theory are bosonised as γ(w) = ηe^ϕ(w), β(w) = e^{−ϕ}∂ξ(w), (26) so that the ghost number current is expressed in the form j = −∂ϕ. The Euclidean world-sheet actions S and S^′ for the fields ϕ and ϕ^′ correspondingly are related as S[ϕ] = S^′[ϕ] − 1 2π ∫ Σ d^2ζ √ gR^{(2)}(ϕ + ϕ̄), (27)

where ζ denotes the world-sheet coordinates, g denotes the Euclidean worldsheet metric and R^{(2)} is the scalar curvature.

We assume that scalar curvature is proportional to δ-function, which has a support on the infinity in some coordinates on Σ. Therefore we can identify the fields ϕ and ϕ^′ of two CFTs. The states in the two theories can be identified by the following map between the oscillators and the vacuum states β_n ↔ β^′_n, γ_n ↔ γ^′_n, | − 1⟩ ↔ |0^′⟩, ⟨−1| ↔ ⟨0^′|, ⟨0^′|0^′⟩ = 1, (28) where |0⟩ and |0^′⟩ are the SL(2, R) invariant vacua of two theories and |−1⟩ = e^{−ϕ(0)}|0⟩. In the CFT^′ the fields β^′, γ^′ are bosonized as in the original theory γ^′(w) = ηe^ϕ(w), β^′(w) = e^{−ϕ}∂ξ(w). (29) Notice that we do not introduce new notations for the (ξ, η) system because it has not changed.

The advantage of the CFT method in comparison with the operator method, that we have used in Section 2, is that we do not have to postulate the sliver equation from the very beginning. The aim of this section is to define a sliver state as a surface state over SL(2, R) invariant vacuum in CFT and CFT^′, correspondingly, by the conformal map used in the matter case.

First we define the surface state for the original (β, γ) system. The fermionic ghost surface state corresponding to the conformal map λ(ξ) is defined as ⟨Λ| = N_{βγ}⟨0| exp(− ∑ r≥3/2 s≥−1/2 γ_rΛ_{rs}β_s), (30) where N_{βγ} is a normalization factor and the matrix Λ_{rs} is defined so that the following identity holds ⟨0|e − ∑ r≥3/2 s≥−1/2 γ_r Λ_{rs} β_s γ(w)β(z)e^{−Qϕ(0)}|0⟩ = ⟨λ ∘ γ(w)λ ∘ β(z)λ ∘ e^{−Qϕ(0)}⟩. (31) One can evaluate Λ_{rs} explicitly. To this end one has to calculate the left hand side and right hand side of (31). Substitution of γ(w) = ∑ r γ_{−r}w^{r+1/2} and β(z) = ∑ s β_{−s}z^{s−3/2} into the left hand side of (31) yields h(z, w) ≡ ⟨0|e^{−γr Λrsβs} γ(w)β(z)e^{−Qϕ(0)}|0⟩ = − ∑ r,s w^{r+1/2}z^{s−3/2}Λ_{rs}, (32)

therefore

Λ_{rs} = − ∮ dz 2πi 1 z^{r−1/2} ∮ dw 2πi 1 w^{s+3/2} h(z, w). (33) Further one evaluates the correlation function in the right hand side of (31) ⟨λ ∘ γ(w)λ ∘ β(z)λ ∘ e^{−Qϕ(0)}⟩ = ( ∂λ(w) ∂w )_{−1/2} ( ∂λ(z) ∂z )_{3/2} 1 λ(w) − λ(z) ( λ(w) − λ(0) λ(z) − λ(0) )_{−Q} . (34)

One gets the following answer for Λ_{rs} ∮ dz 2πi z^12 z^r dw 2πi w^{− 3}2 w^s ( ∂λ(w) ∂w )_− 1_2( ∂λ(z) ∂z ) 3_2 1 λ(z) − λ(w) ( λ(z) − λ(0) λ(w) − λ(0) )_2 . (35) The fermionic ghost surface state in CFT’ corresponding to the conformal map λ(ξ) is defined as

⟨Λ^′| = N^′_{βγ} ⟨0^′| exp(− ∑ r≥1/2 s≥1/2 γ_rΛ^′_{rs}β_s), (36)

where N^′_{βγ} is a normalization factor and the matrix Λ^′_{rs} is defined so that the following identity holds

⟨0^′| exp(− ∑ r≥1/2 s≥1/2 γ_rΛ^′_{rs}β_s)γ^′(w)β^′(z)|0^′⟩ = ⟨λ ∘ γ^′(w)λ ∘ β^′(z)⟩^′. (37)

Substitution of γ^′(w) = ∑ r γ_{−r} w^{r−1/2} and β^′(z) = ∑ s β_{−s}z^{s−1/2} into the left hand side of (37) yields h^′(z, w) ≡ ⟨0^′|e^{−γr Λ′rsβs} γ^′(w)β^′(z)|0^′⟩ = − ∑ r,s w^{r−1/2}z^{s−1/2}Λ^′_{rs}, (38) therefore

Λ^′_{rs} = − ∮ dz 2πi 1 z^{r+1/2} ∮ dw 2πi 1 w^{s+1/2} h^′(z, w). (39) Evaluating the correlation function in the right hand side of (37) one finds ⟨λ ∘ γ^′(w)λ ∘ β^′(z)⟩^′ = ( ∂λ(w) ∂w )_{1/2} ( ∂λ(z) ∂z )_{1/2} 1 λ(w) − λ(z) . (40)

One gets the following answer

Λ^′_{rs} = ∮ dz 2πi 1 z^{r+1/2} dw 2πi 1 w^{s+1/2} ( ∂λ(z) ∂z )_{1/2} ( ∂λ(w) ∂w )_{1/2} 1 λ(z) − λ(w) . (41)

It should be mentioned here that the matrix (41) coincides with the matrix of the matter sliver.

Acknowledgments

The author would like to thank I.Ya. Arefeva, D.M. Belov, A.A. Giryavets and P.B. Medvedev for many valuable discussions and comments. This work was supported in part by RFBR grant 02-01-00695, RFBR grant for leading scientific schools, by INTAS grant 99-0590 and by INTAS fellowship for Young Scientists YSF 2002-42.

References

[1] I. Ya. Arefeva, D. M. Belov, A. A. Giryavets, JHEP 0209 (2002) 050, hepth/0201197

[2] I. Ya. Arefeva, A. A. Giryavets, P. B. Medvedev, Phys.Lett. B532 (2002) 291-296, hep-th/0112214

[3] I. Ya. Arefeva, A. A. Giryavets, A. S. Koshelev, Phys.Lett. B536 (2003) 138- 146, hep-th/0203227

[4] L. Rastelli, A. Sen and B. Zwiebach, hep-th/0012251.

[5] L. Rastelli and B. Zwiebach, JHEP 0109 (2001) 038, hep-th/0006240.

[6] L. Rastelli, A. Sen, B. Zwiebach, hep-th/0102112. L. Rastelli, A. Sen and B. Zwiebach, JHEP 0111 (2001) 045, hep-th/0105168.

[7] V.A. Kostelecky and R. Potting, Phys.Rev. D63 (2001) 046007, hepth/0008252. L. Rastelli, A. Sen and B. Zwiebach, JHEP 0111 (2001) 035, hep-th/0105058. D.J. Gross and W. Taylor, JHEP 0108, 009 (2001), hepth/0105059; JHEP 0108, 010 (2001), hep-th/0106036. T. Kawano and K. Okuyama, JHEP 0106 (2001) 061, hep-th/0105129. L. Rastelli, A. Sen and B. Zwiebach, hep-th/0106010. J.R. David, JHEP 0107 (2001) 024, hepth/0105184. D.J. Gross, V. Periwal, JHEP 0108 (2001) 008, hep-th/0106242. T. Takahashi, S. Tanimoto, Prog.Theor.Phys. 106 (2001) 863-872, hepth/0107046. K. Furuuchi and K. Okuyama, JHEP 0109 (2001) 035, hepth/0107101. Y. Matsuo, Phys.Lett. B513 (2001) 195-199, hep-th/0105175. Y. Matsuo, Phys.Lett. B514 (2001) 407-412, hep-th/0106027. Y. Matsuo, Mod.Phys.Lett. A16 (2001) 1811-1822, hep-th/0107007. P. Mukhopadhyay, hep-th/0110136. N. Moeller, hep-th/0110204. G. Moore and W. Taylor, hepth/0111069. A. Hashimoto and N. Itzhaki, hep-th/0111092.

[8] H. Hata and T. Kawano, JHEP 0111 (2001) 038, hep-th/0108150. I. Kishimoto, JHEP 0112 (2001) 007, hep-th/0110124. H. Hata and S. Moriyama, hepth/0111034. K. Okuyama, hep-th/0111087. K. Okuyama, hep-th/0201015. H. Hata, S. Moriyama, S. Teraguchi, hep-th/0201177.

[9] D. Gaiotto, L. Rastelli, A. Sen and B. Zwiebach, hep-th/0111129.

[10] L. Rastelli, A. Sen and B. Zwiebach, hep-th/0111153. L. Rastelli, A. Sen and B. Zwiebach, hep-th/0111281. T. Takahashi, S. Tanimoto, hep-th/0112124. I. Kishimoto, K. Ohmori, hep-th/0112169. M. Schnabl, hep-th/0201095. K. Okuyama, hep-th/0201136. T. Okuda, hep-th/0201149. D. Gaiotto, L. Rastelli, A. Sen and B. Zwiebach, hep-th/0201159. D. Gaiotto, L. Rastelli, A. Sen and B. Zwiebach, hep-th/0202151.

[11] K. Ohmori, hep-th/0208009.

[12] E. Witten, Nucl.Phys. B268 (1986) 253; E. Witten, Nucl.Phys. B276 (1986) 291.

[13] K. Ohmori, hep-th/0102085. [14] P. De Smet, hep-th/0109182.

[15] I.Ya. Aref’eva, D.M. Belov, A.A. Giryavets, A.S. Koshelev, P.B. Medvedev, hep-th/0111208.

[16] A. Sen, JHEP 08 010 (1998), hep-th/9805019. A. Sen, Int. J. Mod. Phys. A 14 (1999) 4061, hep-th/9902105. A. Sen, JHEP 09 023 (1998), hep-th/9808141. A. Sen, hep-th/9904207.

[17] H. Hata, S. Shinohara, JHEP 0009 (2000) 035, hep-th/0009105. H. Hata, S. Teraguchi, JHEP 0105 (2001) 045, hep-th/0101162. I. Ellwood, W. Taylor, Phys.Lett. B512 (2001) 181, hep-th/0103085. I. Ellwood, B. Feng, Y.-H. He and N. Moeller, JHEP 0107 (2001) 016, hep-th/0105024.

[18] M. Marino, R. Schiappa, hep-th/0112231.

[19] C.R. Preitschopf, C.B. Thorn and S.A. Yost, Nucl.Phys. B337 (1990) 363. [20] I.Ya. Aref’eva, P.B. Medvedev and A.P. Zubarev, Phys.Lett. B240 (1990) 356.

[21] N. Berkovits, Nucl.Phys. B450 (1995) 90, hep-th/9503099. N. Berkovits, A. Sen, B. Zwiebach, Nucl.Phys. B587 (2000) 147, hep-th/0002211.

[22] I.Ya. Aref’eva, D.M. Belov, A.S. Koshelev and P.B. Medvedev, Nucl.Phys. B638 (2002) 3-20, hep-th/0011117.

[23] J. N. Acosta, N. Berkovits, O. Chandia, Phys.Lett. B454 (1999) 247-248, hep-th/9902178 [24] R. Gopakumar, S. Minwalla and A. Strominger, JHEP 0005 (2000) 020, hepth/0003160.