Received: June 15, 2001, Accepted: July 26, 2001

HYPER VERSION

Proposal for background independent Berkovits’superstring field theory

Josef Klusoň

Department of Theoretical Physics and Astrophysics Faculty of Science, Masaryk University Kotlářská 2, 611 37, Brno, Czech Republic E-mail: klu@physics.muni.cz

Abstract: In this paper we would like to propose the background independent formulation of Berkovits’ superstring field theory. Then we will show that the solution of equation of motion of this theory leads to the Berkovits’ superstring field theory formulated around particular CFT background.

Keywords: Superstrings and Heterotic Strings, D-branes.

Contents

1. Introduction 1

2. Review of superstring field theory 3

3. Pure cubic action for string field theory 5

4. Proposal for background independent NSFT 6

5. Conclusion 12

1. Introduction

It was shown in [28] that the fundamental formulation of bosonic open string field theory [2] can be formulated as a pure cubic string field theory action. This action does not contain any BRST operator and it is formally background independent. When we then expand string field around any solution of the equation of motion arising from this pure cubic string field action we obtain exactly Witten’s bosonic field theory with the BRST operator constructed from the field obeying the equation of motion of the pure cubic string field theory. This approach has been further developed in [29], where another solutions of the pure cubic string field theory that do not correspond to any usual BRST operator were found.

Recently there was a great interest in the formulation of the open bosonic string field theory around the closed string vacuum (Vacuum string field theory-VSFT) [11]– [14], [16]–[19], [21, 22, 23, 33, 34] that arises as a final point of the tachyon condensation on D25-brane (For a very nice review of the string field theory and its relation to the problem of the tachyon condensation, see [1].) VSFT is characterised by BRST operator with trivial cohomology so that there are not any physical open string excitations. This BRST operator is constructed from ghost fields only so that vacuum string field theory is formally background independent. VSFT seems to be a very promising area of research which could lead to better understanding of the string theory.

The problem of the tachyon condensation was studied in superstring theory as well. It seems that the most promising approach to the study of the tachyon condensation in this context is based on Berkovits’ superstring field theory^1 [5, 6]. Two major advantages of Berkovits superstring field theory are that it is manifestly SO(3, 1)

1For another interesting formulation of superstring field theory, see [7, 8, 9].

super-Poincaré invariant and that it does not require contact terms to remove treelevel divergences [25] (For recent review of Berkovits superstring field theory (NSFT), see [26].) In particular, it was shown that the calculation of the tachyon potential in NSFT is in a very good agreement with Sen’s conjecture [27]. The tachyon kink and lump solution was also analysed (For recent work, see [15], for list of references, see [1].) However this theory is formulated for Neveu-Schwarz open string sector only because it is not known how to include Ramond sector in manifestly Lorentz invariant manner.

In this paper we would like to ask the question whether there could be such a formulation of string field theory from which the NSFT arises in a natural way as the Witten’s open string field theory emerges from the pure cubic string field action. Since pure cubic string field theory does not contain any BRST operator it is formally background independent, we can ask the question whether there is such a formulation of the NSFT theory that is background independent as well. In other words, we are looking for a string field theory action that does not depend on any particular matter conformal field theory background. It seems to us that the second formulation of the problem is the appropriate one for Berkovits’ superstring field theory. This can be seen as follows. In Witten’s string field theory the fundamental object is a ghost number one string field. Since the BRST operator carries the same ghost number there is no problem to define BRST operator using string field as has been done in [28]. On the other hand, fundamental string field in NSFT is a string field of the ghost number and the picture number zero. At first sight it seems to be impossible to define string field theory action in background independent way. However recent results [11, 17, 18, 21] suggest that there can exist BRST operator that is constructed purely from the ghost field which is universal for any conformal field theory background. In fact, in a remarkable paper [30] the BRST operator for N = 1 NSR string theory was given that resembles striking similarity with the terms presented in NSFT action.^2 It is then natural to presume that the background independent formulation of the NSFT theory could be based on the BRST operator Q_0 defined in [30] and explicit form of which will be given below.^3 Then using recent result [32] it is possible to find such a string field that is solution of the equation of motion of the background independent NSFT and that leads to the emergence of the correct BRST operator for any CFT background.

The plan of the paper is follows. In the next section 2 we briefly review NSFT theory defined on the BPS D-brane.

In section 3 we review the formulation of the open bosonic string field theory based on the pure cubic action [28, 29]. We will show how Witten’s open bosonic string field theory action naturally emerges from the pure cubic string field action.

2We are very thankful to N. Berkovits for emphasising this form of the BRST operator and pointing out the reference [30].

3Similar suggestion has been proposed in [31].

We use these elegant calculations in section 4 where we propose a background independent formulation of the Berkovits string field theory. Then we will show that from this action we can obtain any NSFT action for any CFT background.

In conclusion 5 we will outline our results and suggest further extension of this work.

2. Review of superstring field theory

In this section we would like to review basic facts about Berkovits superstring field theory, for more details, see [1, 4, 5, 10, 26]. The general off-shell string field configuration in the^4 GSO(+) NS sector corresponding Grassmann even open string vertex operator Φ of ghost number 0 and picture number 0 in the combined conformal field theory of a c = 15 superconformal matter system, and b, c, β, γ ghost system with c = −15. We can also express β, γ in terms of ghost fields ξ, η, ϕ β = e^{−ϕ}∂ξ , γ = ηe^ϕ , (2.1) the ghost number n_g and the picture number n_p assignments are as follows

b : n_g = −1, n_p = 0 c : n_g = 1, n_p = 0 ; e^{qϕ} : n_g = 0, n_p = q ;

ξ : n_q = −1, n_p = 1 η : n_q = 1, n_p = −1 .

The BRST operator Q_B is given

Q_B = ∮ dzj(z) = ∫ dz { c(T_m + T_{ξη} + T_ϕ) + c∂cb + ηe^ϕG_m − η∂ηe^{2ϕ}b } , (2.2)

where T_{ξη} = ∂ξη , T_ϕ = − 1 2 ∂ϕ∂ϕ − ∂^2ϕ , (2.3) T_m is a matter stress tensor and G_m is a matter superconformal generator. Throughout this paper we will be working in units α^′ = 1.

The string field action is given [4, 5] S = 1 2 ∫ ( (e^{−Φ} ⋆ Q_B e^Φ)(e^{−Φ} ⋆ η_0e^Φ) − − ∫_1 0 dt(e^{−tΦ} ⋆ ∂_te^{tΦ}) ⋆ { (e^{−tΦ} ⋆ Q_B e^{tΦ}), (e^{−tΦ} ⋆ η_0e^{tΦ}) } ) , (2.4)

where {A, B} = A ⋆ B + B ⋆ A and e^{−tΦ} ⋆ ∂_te^{tΦ} = Φ. Here the products and integral are defined by Witten’s gluing prescription of the string. The exponential of string

4In this paper we will consider NSFT for BPS D-branes only.

field is defined in the same manner e^Φ = 1 + Φ +^1_2 Φ ⋆ Φ + . . .. The basis properties of Q_B , η_0 which we will need in our analysis (for more details, see [1] and reference therein) are

Q^2_B = 0 , η^2_0 = 0 , {Q_B , η_0} = 0 , Q_B (Φ_1 ⋆ Φ_2) = Q_B (Φ_1) ⋆ Φ_2 + Φ_1 ⋆ Q_B (Φ_2) , η_0(Φ_1 ⋆ Φ_2) = η_0(Φ_1) ⋆ Φ_2 + Φ_1 ⋆ η_0(Φ_2) , ∫ Q_B (. . .) = 0 , ∫ η_0(. . .) = 0 , (2.5)

where Φ_1, Φ_2 are Grassmann even fields.

For our purposes it will be useful to write the BRST operator in the form [30] Q_B = e^{−R} ( 1 2πi ∮ dzγ^2b ) e^R , (2.6)

where R = 1 2πi ∮ dz[cG_me^{−ϕ}e^χ − 1 4 ∂(e^{−2ϕ})e^{2χ}c∂c] = 1 2πi ∮ dzr(z) (2.7) and β = e^{−ϕ}∂ξ , γ = ηe^ϕ , ξ(z)η(w) = 1 z − w , ϕ(z)ϕ(w) = − log(z − w) , ξ = e^χ , η = e^{−χ} , χ(z)χ(w) = − log(z − w) . It is easy to see that

Q^2_0 = 1 2 {Q_0, Q_0} = 0 , Q_0 = 1 2πi ∮ γ^2b (2.8)

and also {η_0, Q_0} = 0 . (2.9)

Then we immediately obtain

Q^2_B = e^{−R}Q^2_0e^R = 0 . (2.10)

In other words, Q_B is a nilpotent operator. It was also shown in [30] that Q_B given in (2.6) anticommutes with η_0 in critical dimensions D = 10. From the fact that Q_0 is constructed from the ghost fields only it is the same for any CFT background so that it seems to be a natural BRST operator for a background independent formulation of NSFT in the similar way as in [11, 17, 18, 21]. On the other hand, it must be stressed that this operator has not trivial cohomology^5 so that the background independent formulation of NSFT should not be confused with the vacuum string field theory that describes the bosonic open string field theory after the tachyon condensation.

5We would like to thank N. Berkovits for stressing this point to us.

We mean that this seems to be natural fact since we are looking for a background independent formulation of the BPS D-brane so that there is not any tachyon field present and hence the process of the tachyon condensation cannot occur.

In the next section we briefly review the approach given in [28]. In particular, we will see how Witten’s open bosonic string field theory naturally emerges from the pure cubic string field theory action.

3. Pure cubic action for string field theory

It was proposed in [28] that pregeometrical, background independent (at least formally) string field action has a form S = 1 3 ∫ Φ ⋆ Φ ⋆ Φ , (3.1)

where Φ is Grassmann odd string field of ghost number one. The classical equation of motion is Φ ⋆ Φ = 0 . (3.2)

As was shown in [28] when we expand around the classical solution

Φ = Φ_0 + ϕ (3.3)

we get an action for fluctuation S = ∫ 1 2 ϕ ⋆ D_{Φ0} ϕ + 1 3 ϕ ⋆ ϕ ⋆ ϕ , (3.4) where D_{Φ0} X = Φ_0 ⋆ X − (−1)^X X ⋆ Φ_0 . (3.5)

It was shown in [28] that D_{Φ0} is a derivation. In order to recovery Witten’s form of the string field action [2] we must find field Φ_0 solving equation of motion and

D_{Φ0} = Q_B , (3.6)

where Q_B is the BRST operator associated with some background. It was shown in [28] that such a field Φ_0 is uniquely given by the relation

Φ_0 = Q^LI , (3.7)

where Q^L (Q^R) is the BRST charge density integrated over the left (right) half of the string (Q = Q^R + Q^L) and I is the identity operator of the algebra obeying I ⋆ B = B ⋆ I = B , ∀B . (3.8)

In Witten’s open string field theory, Q_B represents a reference background and ϕ represents the second quantized fluctuation field around that background. As was shown in [28], shifting ϕ it is possible to eliminate this specific reference to a background. In their second-quantized formulation the backgrounds arise as solutions to the equations of motion.

It is natural to ask the question whether similar formalism works in case of NSFT as well. Although we will not be able to find an analogue of the pure cubic string field action for NSFT, we will see that it is possible (at least formally) to formulate the background independent version of NSFT based on the BRST operator constructed from the ghost field only.

4. Proposal for background independent NSFT

Since we will not perform any explicit calculation we will again use abstract Witten’s formalism in string field theory [2]. We would like to find a formulation of the NSFT theory from which a general action (2.4) emerges in natural way as in [28, 29], or equivalently, we would like to find a formulation of the NSFT theory that does not depend on any particular CFT background as in case of VSFT. In fact, the second requirement is the more appropriate one for NSFT which can be seen from the following argument. In bosonic string field theory the fundamental object is a string field of the ghost number one so that it is natural that the BRST operator of the same ghost number can emerge from the pure cubic action. On the other hand in NSFT theory the fundamental field is a Grassmann ghost zero field so that it does not seem to be possible construct BRST operator from the action containing fundamental fields only without presence of any ghost number one operator. However, there is certainly fundamental BRST operator that does not depend on any particular background, which is the operator given in [30]

Q_0 = 1 2πi ∮ dzγ^2(z)b(z) . (4.1)

It is clear that this operator does not depend on any background CFT so it is natural to propose background independent formulation of NSFT theory using this nilpotent operator S = 1 2 ∫ ( (e^{−Φ} ⋆ Q_0e^Φ)(e^{−Φ} ⋆ η_0e^Φ) − − ∫_1 0 dt(e^{−tΦ} ⋆ ∂_te^{tΦ}) ⋆ { (e^{−tΦ} ⋆ Q_0e^{tΦ}), (e^{−tΦ} ⋆ η_0e^{tΦ}) } ) . (4.2)

We would like to show, following recent analysis [32] that it is possible to find such a solution of the equation of motion arising from the previous action η_0(e^{−Φ0} ⋆ Q_0(e^{Φ0} )) = 0 (4.3) that leads to the NSFT action with appropriate BRST operator Q_B .

Let us consider any string field Φ_0, corresponding to G_0 = e^{Φ0} , which is a solution of the equation of motion (4.3). In order to find a new form of BRST operator, we must study the behaviour of the fluctuation field around this solution [32]. For that reason we write general string field containing fluctuation around this solution as

G = G_0 ⋆ h , h = e^ϕ , G^{−1} = h^{−1} ⋆ G^{−1}_0 . (4.4)

To see that this field really describes fluctuations around solution G_0 note that for ϕ = 0, G = G_0. It is also clear that any string field in the form e^{Φ0+ϕ′} can be always rewritten in the form given above.

Inserting this upper expression in (4.2) we obtain an action for ϕ. As was argued in [32] in order to find a new BRST operator we must ask the question what form of the equation of motion obeys shifted field h = e^ϕ. Then it was shown that the new BRST operator has a form

Q_B (X) = Q_0(X) + A ⋆ X − (−1)^X X ⋆ A , A = G^{−1}_0 ⋆ Q_0(G_0) (4.5)

and the string field action for the fluctuation field has exactly the same form as (2.4) with the BRST operator (4.5).

From (4.5) we obtain

(Q_B − Q_0)X = A ⋆ X − (−1)^X X ⋆ A . (4.6)

Using results given in [28] Q^RI = −Q^LI , Q = Q^R + Q^L , I ⋆ X = X ⋆ I = X , ∀X , (Q^RX) ⋆ Y = −(−1)^X X ⋆ Q^L(Y ) , ∀X, Y , {Q, Q^L} = 0 , we see that we can write A as

A = (Q_B − Q_0)^LI (4.7)

since then

(Q_B − Q_0)^L(I) ⋆ X = −(Q_B − Q_0)^R(I) ⋆ X = I ⋆ (Q_B − Q_0)^L(X) , −(−1)^X X ⋆ (Q_B − Q_0)^LI = (Q_B − Q_0)^R(X) ⋆ I ,

after application of (4.7). Then we have

A ⋆ X − (−1)^X X ⋆ A = (Q_B − Q_0)^L(X) + (Q_B − Q_0)^R(X) = (Q_B − Q_0)(X) . (4.8)

Since we know that Q_B , Q_0 are correct BRST operators that anticommute with η_0 [30], we can easily prove that A given in (4.7) solves the equation of motion (4.3).

This can be seen as follows. The fact that {η_0, G_0} = {η_0, Q_B } means that when we express these operators using appropriate currents then OPE between η(z) and j_0(z), j_B (z) is non-singular η(z)j_0(w) ∼ O(0) , η(z)j_B (w) ∼ O(0) , (4.9) If we do a contour integral over z in upper expressions we obtain the operator η_0 and next integration of j_{0,B} (w) over left half of the string we find that the anticommutator is equal to zero {η_0, Q^L_0 } = 0 , {η_0, Q^L_B } = 0 . (4.10) Consequently we get from (4.7) η_0(A) = η_0(Q_B − Q_0)^LI = −(Q_B − Q_0)^L(η_0(I)) = 0 , (4.11) where we have used

η_0(X) = η_0(X ⋆ I) = η_0(X) ⋆ I + (−1)^X X ⋆ η_0(I) ⇒ η_0(I) = 0 . (4.12) From (4.11) we see that A given in (4.7) solves the equation of motion (4.3). Now we explicitly determine Φ_0 in A = e^{−Φ0} Q_0(e^{Φ0} ).

Let us define the function F (t) = e^{−tΦ0} Q_0(e^{tΦ0} ) . (4.13) We can make an expansion around the point t = 0 where F (0) = Q_0(1) = 0

F (t) = ∞∑ n=0 1 n! d^nF (t) dt^n | | | |_{t=0} t^n . (4.14)

The first derivative is equal to dF dt = −e^{−tΦ0} Φ_0Q_0(e^{tΦ0} ) + e^{−tΦ0} Q_0(Φ_0e^{tΦ0} ) = e^{−tΦ0} Q_0(Φ_0)e^{tΦ0} (4.15)

and the second one d^2F (t) dt^2 = −e^{−tΦ0} Φ_0Q_0(Φ_0)e^{tΦ0} +e^{−tΦ0} Q_0(Φ_0)Φ_0e^{tΦ0} = e^{−tΦ0} [Q_0(Φ_0), Φ_0]e^{tΦ0} . (4.16)

Generally we have d^nF (t) dt^n = e^{−tΦ0} n−1 [[Q_0(Φ_0), Φ_0], . . .], Φ_0] e^{tΦ0} , n > 1 (4.17)

and consequently

F (t = 1) = A = e^{−Φ0} Q_0(e^{Φ0} ) = Q_0(Φ_0) + ∞∑ n=2 1 n! n−1 [[Q_0(Φ_0), Φ_0], . . . , ]Φ_0] . (4.18)

We would like to compare this expression with the expression for BRST operator [30] given in (2.6) and with Q_0 given in (2.8).

As in calculation performed above we define

F (t) = e^{−Rt}Q_0e^{Rt} = F (0) + ∞∑ n=1 1 n! d^nF (t) dt^n t^n (4.19)

then

F (0) = Q_0 , dF dt = −e^{−tR}RQ_0e^{tR} + e^{−tR}Q_0Re^{tR} = e^{−tR}[Q_0, R]e^{tR} , d^2F dt^2 = −e^{−tR}R[Q_0, R]e^{tR} + e^{−tR}[Q_0, R]Re^{Rt} = e^{−tR}[[Q_0, R], R]]e^{tR} , d^nF dt^n = e^{−tR} n [[Q_0, R], . . . , ], R] e^{tR} (4.20)

and consequently

Q_B = F (1) = Q_0 + ∞∑ n=1 1 n! n [[Q_0, R], R], . . .]R] . (4.21)

Then we obtain from (4.7)

Q_0(Φ_0) + ∞∑ n=2 1 n! n−1 [[Q_0(Φ_0), Φ_0], . . . , ]Φ_0] = ∞∑ n=1 1 n! n [[Q_B , R], . . . , ], R] L I . (4.22)

Now we must explain more carefully what we mean by the symbols X^{L,R} for any operator X . Firstly, let us presume that the world-sheet operator X is defined by^6 X = 1 2πi ∮ C dzx(z) , (4.23) where C is any closed curve encircling the origin of the conformal plane. It is clear that the operator given above can be written as a sum of two operators defined as integrals of world-sheet densities over left half or right half of the string, in particular for Q, R we get Q_0 = Q^R_0 + Q^L_0 , R = R^L + R^R , (4.24) where indices R, L correspond to the left, right half of the open string respectively. For example, Q_L can be defined as a contour integral of the holomorphic density over curve C_L that lies in the right half of the complex plane and Q_R as a contour integral over curve C_R that lies in the left half of the complex plane

Q^{R,L}_0 = 1 2πi ∫ C^R,C^L dzj(z)_0 , R^{R,L} = 1 2πi ∫ C^R,C^L dzr(z) . (4.25) 6It is convenient to use ”double trick” for open strings. We trade the holomorphic and antiholomorphic components of any field, defined in upper half plane, for a single holomorphic field defined in the whole complex plane.

From comments given above we immediately obtain [Q^R_0 , R^L] = 0 (4.26) since curves C_R, C_L have not common points and hence OPE between holomorphic densities is non-singular. Then for any operator O that is commutator of two operators X , Y we get O = O^R + O^L = [X , Y] = [X^L, Y^L] + [X^R, Y^R] (4.27) and consequently O^L = [X^L, Y^L] , O^R = [X^R, Y^R] . (4.28) Then we can write [Q_0, R]^LI = [Q^L_0 , R^L]I . (4.29) Using previous results we claim that the solution of the equation (4.22) has a form Φ_0 = R^LI . (4.30) We will show that this expression really leads to the BRST operator Q_B . Firstly it is easy to see that (4.30) solves the following equation Q_0(Φ_0) = [Q^L_0 , R^L]I (4.31) since the left hand side of (4.31) is equal to

Q_0(Φ_0) = (Q^R_0 + Q^L_0 )(R^LI) = Q^R_0 R^LI + Q^L_0 R^LI = R^LQ^R_0 I + Q^L_0 R^LI = −R^LQ^L_0 I + Q^L_0 R^LI = [Q^L_0 , R^L]I using (4.26) and (4.7). The second term in (4.22) is

[Q_0(Φ_0), Φ_0] = [[Q_0, R], R]^LI = [[Q_0, R]^L, R^L]I = [[Q^L_0 , R^L], R^L]I . (4.32) In order to see that (4.30) really solves upper expression and generally the whole equation (4.22) we must perform lot of calculations in the similar way as in [28]. Firstly, as in case of Q_0 we can prove R(X) = R(X ⋆ I) = R(X) ⋆ I + X ⋆ R(I) ⇒ R(I) = 0 . (4.33) This result follows from the contour integration argument. Previous result implies R^LI = −R^RI . (4.34) In the same way as in (4.7) we can write R^R(X) ⋆ Y = −X ⋆ R^L(Y ) . (4.35)

Note that there is not a factor (−1)^X since R is Grassmann even operator. Then we have R^LI ⋆ R^LI = −R^RI ⋆ R^LI = I ⋆ R^LR^L(I) = (R^L)^2(I) , (4.36) where we have used in the first step (4.34) and in the second step (4.35) in the form

R^R(I) ⋆ R^L(I) = −I ⋆ R^L(R^L(I)) . (4.37)

We also have

Q^R_0 (R^LI) ⋆ I = −R^LI ⋆ Q^L_0 I ⇒ R^LQ^R_0 (I) ⋆ I = −R^LI ⋆ Q^L_0 (I) ⇒ ⇒ R^LQ^L_0 (I) = R^L(I) ⋆ Q^L_0 (I) , (4.38)

where we have firstly used (4.26) and then (4.7). In the same way we can show that

R^R(Q^L_0 I) ⋆ I = −Q^L_0 (I) ⋆ R^LI ⇒ Q^L_0 R^RI = −Q^L_0 I ⋆ R^LI ⇒ ⇒ Q^L_0 (R^LI) = Q^L_0 I ⋆ R^LI , −Q^R_0 ((R^L)^2I) ⋆ I = (R^L)^2I ⋆ Q^L_0 I ⇒ (R^L)^2Q^L_0 I = (R^L)^2I ⋆ Q^LI , R^R(Q^L_0 (R^LI)) ⋆ I = −Q^L_0 (R^LI) ⋆ R^LI ⇒

⇒ Q^L_0 ((R^L)^2I) = Q^L_0 (R^LI) ⋆ R^LI ⇒ Q^L_0 (R^L)^2I = Q^L_0 I ⋆ (R^L)^2I .

Generally we obtain

(R^L)^nQ^L_0 I = (R^L)^nI ⋆ Q^L_0 I , Q^L_0 (R^L)^nI = Q^L_0 I ⋆ (R^L)^nI .

We can also write

(R^L)^nQ^L_0 I ⋆ R^LI = −R^R((R^L)^nQ^L_0 I) ⇒ ⇒ (R^L)^nQ^L_0 I ⋆ R^LI = −(R^L)^nQ^L_0 R^RI ⇒ (R^L)^nQ^L_0 I ⋆ R^LI = (R^L)^nQ^L_0 R^LI ;

R^LI ⋆ Q^L_0 (R^L)^nI = −R^RI ⋆ Q^n_0 (R^L)^nI = I ⋆ R^L(Q^L_0 (R^L)^nI) = R^LQ^L_0 (R^L)^nI .

Generally we have

R^LI ⋆ (R^L)^nQ^L_0 (R^L)^mI = (R^L)^{n+1}Q^L_0 (R^L)^mI ; (R^L)^nQ^L_0 (R^L)^mI ⋆ R^LI = (R^L)^nQ^L_0 (R^L)^{m+1}I .

Using these results we can easily calculate

[Q_0(Φ_0), Φ_0] = [[Q^L_0 , R^L]I, R^LI] = Q^L_0 I ⋆ R^LI ⋆ R^LI − R^LI ⋆ Q^L_0 R^LI − −R^LI ⋆ Q^L_0 R^LI + R^LI ⋆ R^LI ⋆ Q^L_0 I = (Q^L_0 (R^L)^2 − R^LQ^L_0 R^L − R^LQ^L_0 R^L + (R^L)^2Q^L_0 )I = [[Q^L_0 , R^L], R^L]I which proves (4.32). Generally we have a result n−1 [[Q_0(Φ_0), Φ_0], . . .], Φ_0] = n [[Q_0, R], R . . . , ], R]^L I . (4.39)

We can prove upper relation by mathematical induction. It was shown that this relation holds for n = 1, 2. Let us presume its validity for n = N − 1. Then we have for n = N N−1 [[[Q_0(Φ_0), Φ_0], . . .], Φ_0] = [ N−1 [[Q_0, R], R, . . . , ]R]^L I, Φ_0] = N−1 [[Q_0, R], R], . . .], R]^LI ⋆R^LI −R^LI ⋆ N−1 [[Q_0, R], R],. . .], R]^LI = N−1 [[Q_0, R], R], . . .], R]^L RI − R N−1 [[Q_0, R], R], . . .], R]^L I = N [[Q_0, R], . . .], R]^L I using results given above. We can then claim that Φ_0 = R^LI solves (4.22). We have also shown above that A = e^{Φ0} Q_B(e^{−Φ0} ) solves the equation of motion (4.3). In other words, we have found classical field in the background independent NSFT that leads to the NSFT with correct BRST operator corresponding to some particular CFT background. It can be shown in the same way as in [28] that for some particular background CFT characterised by Q_B there is unique field Φ_0 = R^LI.

In this section we have proposed background independent formulation (at least formally) of the NSFT. We have shown that any CFT background arises as a particular solution of the background independent NSFT theory. Of course, our calculation was pure formal as in case of [28] so that more detailed analysis should be done. We return to some open questions and suggestions for further work in conclusion.

5. Conclusion

In this short note we have proposed a background independent formulation of Berkovits’ string field theory [4, 5, 6]. Our proposal is based on the form of the BRST operator for RNS string theory presented in [30]. Since the BRST operator we started in the background independent NSFT with contains ghost fields only, it is background independent as well. This is the situation similar to the case of vacuum string field theory [11, 17, 18, 21], where the BRST operator is constructed from the ghost field only and consequently VSFT is background independent. On the other hand, the BRST operator in VSFT has a vanishing cohomology, while in NSFT it has not. We mean that this is not in contradiction since our background independent NSFT theory corresponds to the BPS object so that there is no place for tachyon condensation. This remark also suggests possible limitation of our proposal. We mean that the true background independent formulation of supersymmetric string field theory will have such a form that will allow any solutions corresponding to BPS or non-BPS CFT background. In order to find such a formulation, we think that complete supersymmetric invariant action, including Ramond sector, should be found. We believe that such a formulation will be found in the near future and it will allow us to get new insight in the nature of supersymmetric theory.

We must also stress one important thing. Our calculation was pure formal in the sense that we have worked with Witten’s star product as with an abstract object that does not depend on any background. It would be nice to perform more detailed analysis based on the CFT technique, in the similar way as in the beautiful paper [21]. We hope to return to this problem in the future.

Acknowledgments

We would like to thank N. Berkovits for useful comments and for pointing out the work [30]. This work was supported by the Czech Ministry of Education under Contract No. 1443100006.

References

[1] K. Ohmori, A review on tachyon condensation in open string field theories,

hep-th/0102085.

[2] E. Witten, Noncommutative geometry and string field theory, Nucl. Phys. B 268 (1986) 253

[3] E. Witten, Interacting field theory of open superstrings, Nucl. Phys. B 276 (1986) 291.

[4] N. Berkovits, Super-Poincaré invariant superstring field theory, Nucl. Phys. B 459 (1996) 339, [hep-th/9503099].

[5] N. Berkovits, A new approach to superstring field theory hep-th/9912121.

[6] N. Berkovits, The tachyon potential in open Neveu-Schwarz string field theory, J. High Energy Phys. 0004 (2000) 022, [hep-th/0001084].

[7] I.Ya. Aref’eva, P.B. Medvedev and A.P. Zubarev, Background formalism for superstring field theory, Phys. Lett. B 240 (1990) 356.

[8] I. Ya. Aref’eva, P. B. Medvedev and A. P. Zubarev, New representation for string fields solves the consistency problem for open superstring field theory, Nucl. Phys. B 341 (1990) 464.

[9] I. Ya Aref’eva, A. S. Koshelev, D. M. Belov ad P. B. Medvedev, Tachyon condensation in cubic superstring field theory, hep-th/0011117.

[10] N. Berkovits, A. Sen and B. Zwiebach, Tachyon condensation in superstring field theory, Nucl. Phys. B 587 (2000) 147 [hep-th/0002211].

[11] L. Rastelli, A. Sen and B. Zwiebach, String field theory around the tachyon vacuum,

hep-th/0012251.

[12] H. Hata and S. Teraguchi, Test of the absence of kinetic terms around the tachyon vacuum in cubic string field theory, J. High Energy Phys. 05 (2001) 045 [hep-th/0101162].

[13] I. Ellwood and W. Taylor, Open string field theory without open strings, Phys. Lett.

B 512 (2001) 181 [hep-th/0103085].

[14] B. Feng, Y.-H. He and N. Moeller, Testing the uniqueness of the open bosonic string field theory vacuum, hep-th/0103103.

[15] K. Ohmori, Tachyonic kink and lump-like solutions in superstring field theory, J. High Energy Phys. 05 (2001) 035 [hep-th/0104230].

[16] I. Ellwood, B. Feng, Y.-H. He and N. Moeller, The identity string field and the tachyon vacuum, hep-th/0105024.

[17] L. Rastelli, A. Sen and B. Zwiebach, Classical solutions in string field theory around the tachyon vacuum, hep-th/0102112.

[18] L. Rastelli, A. Sen and B. Zwiebach, Half strings, projectors and multiple D-branes in vacuum string field theory, hep-th/0105058.

[19] D.J. Gross and W. Taylor, Split string field theory. i, hep-th/0105059. [20] T. Kawano and K. Okuyama, Open string fields as matrices, J. High Energy Phys. 06 (2001) 061 [hep-th/0105129].

[21] L. Rastelli, A. Sen and B. Zwiebach, Boundary CFT construction of D-branes in vacuum string field theory, hep-th/0105168.

[22] Y. Matsuo, BCFT and Sliver state, hep-th/0105175.

[23] J. R. David, Excitations on wedge states and on the sliver, hep-th/0105184. [24] T. Nakatsu, ”Classical open-string field theory, A_∞-algebra, renormalisation group and boundary states, hep-th/0105272.

[25] N. Berkovits and C. T. Echevarria, Four-point amplitude from open superstring field theory, Phys. Lett. B 478 (2000) 343, hep-th/9912120.

[26] N. Berkovits, Review of open superstring field theory, hep-th/0105230

[27] A. Sen,Stable non-BPS bound states of BPS D-branes,” J. High Energy Phys. 08 (1998) 010, hep-th/9805029; SO(32) spinors of type I and other solitons on braneantibrane pair, J. High Energy Phys. 09 (1998) 023 [hep-th/9808141]; Type I Dparticle and its interactions, J. High Energy Phys. 10 (1998) 021 [hep-th/9809111]; Non-BPS states and branes in string theory, hep-th/9904207.

[28] G.T. Horowitz, J. Lykken, R. Rohm and A. Strominger, A purely cubic action for string field theory, Phys. Rev. Lett. 57 (1986) 283.

[29] G.T. Horowitz, J. Morrow-Jones, S.P. Martin and R.P. Woodard, New exact solutions for the purely cubic bosonic string field theory, Phys. Rev. Lett. 60 (1988) 261.

[30] J. N. Acosta, N. Berkovits and O. Chandia, A note on the superstring BRST operator,

hep-th/9902178.

[31] N. Berkovits, private correspondence, unpublished.

[32] J. Klusoň, Some remarks about Berkovits’ superstring field theory, hep-th/0105319. [33] L. Rastelli, A. Sen and B. Zwiebach, Vacuum string field theory, hep-th/0106010. [34] D. J. Gross and W. Taylor, Split string field theory II, hep-th/0106036.