arXiv:hep-th/0103079 11 Mar 2001

Preprint typeset in JHEP style. - HYPER VERSION hep-th/0103079

N D0-branes and D0-branes in the

background independent string field theory.

by J. 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 extend our previous work hep-th/0102063 to the case of DD0-brane system.

Keywords: D-branes, Matrix models.

Contents

1. Introduction 1

2. DD-system 3

3. D-branes from N non-BPS D0-branes 6

4. DD-system 11

5. Conclusion 17

1. Introduction

Around the year ’92-’93 the formulation of the string field theory known as a background independent string field theory (BSFT) [1, 2, 3, 4, 5] was proposed. In the recent papers [6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20] (For the world-sheet approach to this problem, see [21, 22, 23]) the BSFT was used in the analysis of the tachyon condensation on the unstable D-brane systems in string theories (For review and extensive list of references, see [24]). It was shown that BSFT is very effective tool for the study of this problem since in the process of the tachyon condensation only tachyon field acquires nonzero vacuum expectation value. In particular, it was shown that:

• The condensation to the closed string vacuum and to lower dimensional branes involves excitations of only one mode of string field-tachyon.

• The exact tachyon potential can be computed in BSFT and its qualitative features agree with the Sen conjecture [25].

• The exact tachyon profiles corresponding to the tachyon condensation to the lower dimensional D-brane give rise to descent relations between the tensions of various branes [14] which again agree with those expected [25].

The problem of tachyon condensation was also studied from the point of view of Witten’s open string field theory [27] (For recent discussion see [28, 29] and for the review and extensive list of references, see [30]). In contrast with BSFT, the tachyon condensation in general involves giving the expectation values of infinite number of component fields. As a consequence, only approximate results are available.

In [41] the problem of the tachyon condensation was studied from different point of view^1. Namely, we started with the system of N D-instantons in bosonic theory or with the system of N non-BPS D-instantons in Type IIA theory and studied the emergence of higher dimensional D-branes in this system. We have shown that all even dimensional D-brane arise naturally through the standard matrix theory construction [36, 37, 38, 39] . However to describe odd dimensional D-branes the tachyon field should be turned on and then in the process of the tachyon condensation [7, 11] all odd dimensional D-branes emerged.

In this paper we extend this approach to the case of the system of N D0+D0- branes (DD0-system.) The general DD system has been recently studied in [18, 19] and we use results obtained there in our calculations. In fact, DD system seems to contain much more information about the tachyon condensation than non-BPS D-branes since all non-BPS D-branes can arise as a particular projection from DD system [24]. For that reason it seems to be natural to ask the question whether it is possible to describe all D-branes from N DD0 branes in type IIA theory. We will show in this paper that this is really possible.

The organisation of the paper is as follows. In the next section we present the partition function on the disk for N DD9-branes which, thanks to the recent conjecture [11], should be identified with the space-time action in BSFT. Our form of the boundary interaction can be considered as a slight modification of the action given in [18]. In order to show that this boundary term gives correct results we will argue that the action for DD system reduces to the action for D9-branes without the tachyon field and to the action for non-BPS D9-brane after orbifolding projection [24].

In (3) section we will review the approach presented in [41] on the example of N non-BPS D0-branes.

In (4) section we will turn to the main theme of this paper that is the emergence of all D-branes from the system of N DD0-branes in type IIA theory. We will show that all Dp-branes naturally emerge either directly in the standard matrix theory construction or through the tachyon condensation worked out in [18, 19]. We will also discuss other possibilities of the emergence of D-branes that are based on nontrivial gauge fields on the world-volume of DD system. Unfortunately, this possibility does not seem to lead to the free boundary theory so that it is difficult to study it in the BSFT theory.

In conclusion (5) we will discuss some open problems and possible extension of this work.

1The same problem has been already studied in terms of the low energy effective action in [32] and in the framework of the effective action obtained from BSFT theory in [34].

2. DD-system

In this section we will consider DD system from the point of view of BSFT following recent papers [18, 19]. The general construction of the BSFT for N D-branes and antibranes was given in [18] which we will closely follow. The starting point of the BSFT for DD system is the partition function on the disk S(A, A^′, T ) = Z(A, A^′, T ) =< TrP̂ exp (∫_2π 0 dτ̂ M(A, A^′, T ) ) > , (2.1)

where the symbol P̂ is defined as P̂ e ∫ dτ̂M (τ̂) = ∞∑ N =0 ∫ dτ̂_1 . . . dτ̂_N Θ(τ̂_{12})Θ(τ̂_{23}) . . . Θ(τ̂_{N −1,N} )M(τ̂_1)M(τ̂_2) . . . M(τ̂_N ) ,

(2.2) and where dτ̂ = dτ dθ, τ̂_{12} = τ_1 − τ_2 − θ_1θ_2 and Θ is a step function whose expansion is equal to Θ(τ̂_1 − τ̂_2) = θ(τ_1 − τ_2) − δ(τ_1 − τ_2)θ_1θ_2. The matrix M describes general boundary interaction. In situation, when we confine to the gauge fields and tachyon, it has a form [18] M(A, A^′, T ) = ( −iA_μ(X)DX^μ T (X) T (X) −iA^′_μ(X)DX^μ ) , X^μ = X^μ + √ α^′θψ^μ , (2.3)

where A_μ is a gauge field in the adjoint representation of the gauge group U(N) living on the world-volume of N D9-branes, A^′_μ is a gauge field in the adjoint representation of the gauge group U(N) living on the world-volume of N D9-branes and T is a tachyon field in (N, N ) representation of the gauge group U(N) × U(N)^2. The previous form of the boundary interaction corresponds to the system of N D9-branes and antibranes, generalisation to the lower dimensional case is straightforward. In (2.3) we presume that off-diagonal terms have odd grading. In other words, the form of (2.3) has a property similar to the superconnection [43] (For detailed discussion of the relation between superconnection and BSFT, see [18, 19, 44]). In order to show that (2.3) defines correctly BSFT action for DD9-system we express the partition function in the more familiar form using elegant formalism reviewed in [21] which allows us to rewrite the path-ordered trace in terms of the integral over fermionic fields S =< exp (∫ dτ̂ [ η̂_aDη̂^a + η̂_aM^a_b η̂^b ]) >=< e^{−I} > , (2.4) where we have introduced fermionic superfields η̂_a = η_a + θχ_a, η̂^a = η^a + θχ^a, a = 1, . . . , 2N living on the boundary of the disk. Firstly we perform the integration over θ. In order to do that we expand M as M = M_0 + θM_1 with

M_0 = ( −i √ α^′A_μψ^μ T (X) T (X) −i √ α^′A^′_μψ^μ ) , (2.5)

2For simplicity we will consider the configurations with the equal number branes and antibranes. The generalisation to the more general case is trivial.

and M_1 = ( −i(A_μ(X)∂_τ X^μ +^{α0}_2 (∂_μA_ν − ∂_ν A_μ)ψ^μψ^ν) −∂_μT (X) √ α^′ψ^μ −∂_μT (X) √ α^′ψ^μ −i(A^′_μ(X)∂_τ X^μ +^{α0}_2 (∂_μA^′_ν − ∂_νA^′_μ)ψ^μψ^ν) ) . (2.6) Then − ∫ dτ dθη̂_aM^a_b η̂^b = ∫ dτ (−η_aM^a_{0b}χ^b − χ_aM^a_{0b}η^b + η_aM^a_{1b}η^b) . (2.7) In the previous expression we have used the crucial fact that M_0 anticommutes with θ which is a consequence of the presence of the fermionic field ψ on the main diagonal of M_0 and the presumption that off-diagonal elements have odd grading so that anticommute with fermionic fields. We must also stress that in M_1 the off-diagonal terms have a even grading thanks to odd grading of T and odd grading of ψ. We then obtain I = ∫ dτ ( η_a∂_τ η^a − χ_aχ^a − η_aM^a_{0b}χ^b − χ_aM^a_{0b}η^b + η_aM^a_{1b}η^b ) . (2.8)

We can integrate out the auxiliary fields χ_a, χ^a with the result

χ_b = −η_aM^a_{0b} , χ^a = −M^a_{0b}η^b , (2.9)

and consequently (2.8) is equal to I = ∫ dτ ( η_a∂_τ η^a + η_a(M^a_{0c}M^c_{0b} + M^a_{1b})η^b ) , (2.10)

with

M^a_{0c}M^c_{0b} = (M^2_0 )^a_b = ( −^{α0}_2 [A_μ, A_ν]ψ^μψ^ν + T T −i √ α^′(T A^′_μ − A_μT )ψ^μ −i √ α^′(T A_μ − A^′_μT )ψ^μ −^{α0}_2 [A^′_μ, A^′_ν]ψ^μψ^ν + T T ) . (2.11)

We must stress that odd grading of off-diagonal elements (T ) is crucial for the emergence of the correct form of the covariant derivative. Then (2.10) is equal to I = ∫ dτ ( η_a∂_τ η^a + η_aM^a_b η^b ) , M^a_b = M^a_{1b} + (M^2_0 )^a_b , M = ( −i(A_μ∂_τ X^μ +^{α0}_2 F_{μν}ψ^μψ^ν) + T T − √ α^′D_μT ψ^μ − √ α^′D_μT ψ^μ −i(A^′_μ∂_τ X^μ +^{α0}_2 F^′_{μν} ψ^μψ^ν) + T T ) , (2.12)

with F_{μν} = ∂_μA_ν − ∂_νA_μ − i[A_μ, A_ν], F^′_{μν} = ∂_μA^′_ν − ∂_νA^′_μ − i[A^′_μ, A^′_ν] , D_μT = ∂_μT + i(T A_μ − A^′_μT ), D_μT = ∂_μT + i(T A^′_μ − A_μT ) . (2.13)

As in [19] we perform some simple tests that will show that (2.12) could really be the correct form of the action for DD system. Firstly, for T = 0 we expect that the partition function will be equal to the sum of two independent partition functions for N D9-branes and N D9-branes. In this case M is block diagonal and when we express the integral over η, η in terms of the path-ordered trace then the partition function is a sum of two independent terms corresponding to N D9-branes and N D9-branes respectively S_{D+D,T =0} = ∑ D,D < TrP exp ( i ∫ dτ [ A_μ(X)∂_τ X^μ + α^′ 2 F_{μν}ψ^μψ^ν ]) > . (2.14)

The more nontrivial task is to show that (2.12) reduces to the partition function for a non-BPS D9-brane through the orbifolding projection (−1)^FL [24] that acts on the tachyon and gauge fields as T = T , A_μ = A^′_μ ⇒ D_μT = ∂_μT − i[A_μ, T ], D_μT = ∂_μT − i[A_μ, T ] , M = ( −i(A_μ∂_τ X^μ +^{α0}_2 F_{μν}ψ^μψ^ν) + T T − √ α^′D_μT ψ^μ − √ α^′D_μT ψ^μ −i(A_μ∂_τ X^μ +^{α0}_2 F_{μν}ψ^μψ^ν) + T T ) . (2.15)

We again rewrite the path integral over η, η as a path-ordered trace and then express M as M = 1_{2×2} ⊗ M_1 + σ_1 ⊗ M_2, σ_1 = ( 0 1 1 0 ) . (2.16)

It is clear that the trace over 2N × 2N matrices is the same as the trace over N × N matrices M_{0,1} and the trace over 2 × 2 matrices 1, σ_1

Tr → Tr_N Tr_{2×2} . (2.17)

When we convert the trace over N ×N matrices into the path integral over fermions it is clear that now we only need N fermionic fields η^a, η_a. To proceed further we must express the 2 × 2 matrices as fermionic fields. We will mainly follow [42]. Consider the basic fermionic quantum system, two states |−⟩ , |+⟩ with raising operator ξ and lowering operator ξ ξ |−⟩ = 0, ξ |−⟩ = |+⟩ , ξ |+⟩ = |−⟩ , ξ |+⟩ = 0, {ξ, ξ} = 1, ξ^2 = ξ^2 = 0 . (2.18) Then immediately follows that ξ, ξ have a matrix representation in the basis |−⟩ , |+⟩ 3 ξ = ( 0 1 0 0 ) = 1 2 (σ_1 + iσ_2) , ξ = ( 0 0 1 0 ) = 1 2 (σ_1 − iσ_2) . (2.19) 3σ 1, σ2 are ordinary Pauli matrices σ1 = ( 0 1 1 0 ) , σ2 = ( 0 �i_{i 0}^)_.

We see that we can replace σ_1 in the partition sum with σ_1 = ξ +ξ and the trace with the path-integral over fermionic fields ξ, ξ. More precisely, when we insert ∫ dτ ξ∂_τ ξ into the action I we obtain I = ∫ dτ ( η_a∂_τ η^a + ξ∂_τ ξ − iη_a ( A^a_{μb}∂_τ X^μ + α^′ 2 F^a_{μνb}ψ^μψ^ν ) η^b+

+ η_aT^a_c T^c_b η^b − (ξ + ξ)η_a √ α^′D_μT^a_b ψ^μη^b ) . (2.20)

It is important to stress that thanks to the replacement σ_1 with the fermionic operator ξ + ξ the tachyon field T (X) should be regarded as a field with even grading. The integration over ξ, ξ gives ξ = √ α^′ 1 ∂_τ ( η_aD_μT^a_b ψ^μη^b ) , ξ = √ α^′ 1 ∂_τ ( η_aD_μT^a_b ψ^μη^b ) , (2.21)

so that ξ∂_τ ξ−(ξ+ξ)ηD_μT ψ^μη = −α^′ 1 ∂_τ (ηD_μT ψ^μη)(ηD_ν T ψ^νη) = α^′(ηD_μT ψ^μη) 1 ∂_τ (ηD_ν T ψ^νη) , (2.22) where in the last step we have used the anticommuting property of fermionic fields. Finally, S is equal to S =< e^{−I} >=< exp ( − ∫ dτ { η_a∂_τ η^a − iη_a ( A^a_{μb}∂_τ X^μ + α^′ 2 F^a_{μνb}ψ^μψ^ν ) η^b+

+ η_aT^a_c T^c_b η^b + α^′ ( η_aD_μT^a_b ψ^μη^b ) 1 ∂_τ ( η_aD_ν T^a_b ψ^νη^b )}) > , (2.23)

which is in agreement with the partition function for N non-BPS D9-branes given in [11, 21]. In the next section we use this partition function for N non-BPS D0-branes to review the results presented in [41].

3. D-branes from N non-BPS D0-branes

In this section we will construct all D-branes from N non-BPS D0-branes in type IIB theory in the same way as in [41]. We start with the action (2.23). Using transformation properties of the gauge fields and covariant derivatives under T-duality

A_I (X^μ) → Φ_I (X^0), I, J = 1, . . . , 9, ∂_τ X^I → ∂_nX^I , T (X^μ) → T (X^0) , F_{IJ} → −i[Φ_I, Φ_J ], F_{0I} → D_0Φ_I , D_I T = −i[Φ_I, T ] , (3.1) we obtain the partition function for N non-BPS D0-branes. It is important to stress that all background fields A_0, Φ_I , T are functions of X^0(τ ) only since this is the string coordinate with the Neumann boundary condition. In the following we will work with the time independent background field so that they are not functions of X^0 and we also use gauge invariance to eliminate the gauge field A_0. Then the BSFT action for N non-BPS D0-branes is S(Φ, T ) =< e^{−I} >=< exp ( − ∫ dτ ( η_a∂_τ η^a − iη_a ( Φ^a_{Ib}∂_nX^I − i α^′ 2 [Φ_I, Φ_J ]^a_b ψ^I ψ^J ) η^b+

+ η_aT^a_c T^c_b η^b − ( η_a[Φ_I , T ]^a_bψ^I η^b ) 1 ∂_τ ( η_a[Φ_J , T ]^a_b ψ^J η^b ))) > . (3.2)

We will show that the tachyon condensation in the action given (3.2) can describe all D-branes in type IIB theory, following [41]. Let us consider the background configuration in the form

T = 0, [Φ_a, Φ_b] = iθ_{ab}, a = 1, . . . , 2p, Φ_α = 0, α = 2p + 1, . . . , 9 . (3.3)

Then the fermionic term in (3.2) is equal to −i α^′ 2 [Φ_a, Φ_b]ψ^a(τ )ψ^b(τ ) = α^′ 2 θ_{ab}ψ^a(τ )ψ^b(τ )1_{N ×N} . (3.4)

We see that this term is proportional to the unit matrix so that the following expression can be taken out the trace exp ( i ∫ dτ α^′ 2 θ_{ab}ψ^a(τ )ψ^b(τ ) ) . (3.5)

The bosonic part can be worked out exactly as in [41] and we briefly review this calculation. From (3.3) we see that Φ_a are equivalent to the quantum mechanics operators with nontrivial commuting relations. Then we can use the well known relation between the trace over Hilbert space and the path integral

TrP exp ( −i ∫ dτ H(τ ) ) = exp ( i ∫ dτ [p(τ )q̇(τ ) − H(p(τ ), q(τ ))] ) , (3.6)

with q̇ = ∂_τ q and where p is a momentum conjugate to q. In our case, the Hamiltonian is H(τ ) = −Φ_a∂_nX^a(τ ) . (3.7)

with the operators Φ_a. Then we can rewrite the trace in (3.2) as a path integral (For the time being we omit the fermionic term which is proportional to the unit matrix) ∫ 2p∏ a=1 [ϕ_a] exp ( i ∫ dτ ( 1 2 ϕ_a(τ )θ^{ab}ϕ̇_b(τ ) + ϕ_a(τ )∂_nX^a(τ )) ) , (3.8) with θ_{ac}θ^{cb} = δ^b_a. We can easily perform the integration over ϕ ∫ [dϕ_a] exp ( − ∫ dτ dτ^′ [ 1 2 ϕ_a(τ^′)△(τ^′, τ )^{ab}ϕ_b(τ ) − ϕ_a(τ )i∂_nX^a(τ ) ]) = = exp ( − 1 2 ∫ dτ dτ^′∂_nX^a(τ )△(τ, τ^′)^{−1}_{ab} ∂_nX^b(τ^′) ) , △(τ^′, τ )^{ab} = i∂δ(τ^′ − τ )θ^{ab} (3.9) with △(τ, τ^′)^{−1}_{ab} = θ_{ab} 1 2π ∑ n 1 n e^{in(τ −τ 0)} . (3.10) We expand the string field as X^a(τ, ρ) = √ α^′ 2 ∞∑ n=−∞,n≠0 ρ^nX^a_ne^{inτ} , ∂_nX^a(τ, ρ = 1) = √ α^′ 2 ∞∑ n=−∞,n≠0 nX^a_n e^{inτ} . (3.11) Note that there is no zero mode thanks to the Dirichlet boundary conditions. Then (3.9) is equal to − 1 2 ∫ dτ dτ^′∂_nX^a(τ )△(τ, τ^′)^{−1}_{ab} ∂_nX^b(τ^′) = α^′π ∞∑ m=1 mθ_{ab}X^a_{−m}X^b_m , (3.12) that agrees precisely with the expression [18] S = i 2 ∫_2π 0 dτ F_{ab}X^a(τ )Ẋ^b(τ ) = πα^′ ∞∑ n=1 nF_{ab}X^a_{−n}X^b_n , F_{ab} = θ_{ab} , (3.13) arising from the term S_A = −i ∫_2π 0 dτ A_a(X^a)∂_τ X^a(τ ) . (3.14) As a result, we have obtained the partition sum on the disk for a D2p-brane in the presence of the gauge field F_{ab}

e^{−I} = exp ( i ∫ dτ [ A_a(X)∂_τ X^a(τ ) + α^′ 2 F_{ab}ψ^a(τ )ψ^b(τ ) ]) , F_{ab} = ∂_aA_b − ∂_bA_a = θ_{ab} . (3.15) Consequently the action is equal to [21, 40]^4 S(F ) = Z(F ) =< e^{−I} >= − √ 2T_{2p} ∫ dtd^{2p}x √ det(δ_{ab} + 2πα^′F_{ab}) . (3.16) In order to describe odd dimensional D-branes we should include the tachyon in the boundary action and calculate its condensation. Let us consider the ansatz T = uΦ_2, [Φ_x, Φ_y] = iϵ_{xy}θ, , x, y = 1, 2, [Φ_i, Φ_j] = iθ_{ij}, i, j = 3, . . . , 2p, (3.17)

4We consider Minkowski space-time with the metric η¯˚ = diag(�1, 1, . . ., 1).

so that θ in [Φ_a, Φ_b] = iθ_{ab} has a form

θ = 0 θ 0 −θ 0 0 0 0 θ_{ij} , i, j = 3, . . . , 2p . (3.18)

Then (3.2) is equal to S =< e^{−I} >=< ∫ [dϕ_a] exp (∫ dτ [ i 1 2 ϕ_aθ^{ab}ϕ̇_b+ −α^′u^2θ^2ψ^1 1 ∂_τ ψ^1 − u^2(ϕ_2)^2 + iϕ_a∂_nX^a + iα^′ 2 θ_{ab}ψ^aψ^b ]) > . (3.19)

We can take out the following expression from the path integral over ϕ exp (∫ dτ [ α^′u^2θ^2ψ^1 1 ∂_τ ψ^1 + iα^′ 2 θ_{ab}ψ^aψ^b ]) . (3.20)

Next calculation is the same as the case with vanishing tachyon field. The i, j = 3, . . . , 2p components give the same result as in the case of even dimensional D-brane without exciting tachyon and the integration over x, y = 1, 2 gives exp ( − 1 2 ∫ dτ dτ^′∂_nX^x(τ )△(τ − τ^′)^{−1}_{xy} ∂_nX^y(τ^′) ) , △(τ − τ^′)^{−1}_{xy} = ∑ n (E_n)^{−1}_{xy} e^{in(τ −τ 0)}, (E^{−1}_n )_{xy} = θ^2 n^2 ( −^1_2 u^2 −^n_θ n θ 0 ) , (3.21)

which together with the F_{ij} and F_{xy} terms gives the result [11, 12] S =< e^{−I} >=< exp (∫ dτ [ −(u^2(X^1)^2 + α^′u^2ψ^1 1 ∂_τ ψ^1) +

+iA_a(X^a)∂_τ X^a + iα^′ 2 F_{ab}ψ^aψ^b ]) > , F_{ab} = θ_{ab} , (3.22)

where we have made replacement uθ → u. Then it is easy to see that the tachyon condensation really leads to the emergence of odd dimensional D-brane exactly in the same way as in [11]. The partition function is equal to [11, 12, 16] Z = K ∫ dtd^{2p−1}xZ(a, v)_{fermi} √ det(δ_{ij} + 2πα^′F_{ij}) , v = 4πα^′u^2 1 + (2πα^′θ)^2

. (3.23)

with [11] Z(a, v)_{fermi} = 4^v Z_1(v)^2 Z_1(2v)

, Z_1(v) = √ ve^{γv}Γ(v) , (3.24) and where K is a numerical factor that will be determined as in [41]. When we calculate the partition sum for constant tachyon T = a1_{N ×N} we obtain the exact tachyon potential e^{−2πa2} multiplied with the DBI term √ det(δ_{ab} + 2πα^′F_{ab}) arising from the partition sum calculated in the pure gauge field background. Then we can expect that for a slowly varying tachyon field the action corresponds to the non-BPS D2p-brane action S = − √ 2T_{2p} ∫ dtd^{2p}xe^{−2πT 2} √ (1 + (2πα^′θ)^2) det(δ_{ij} + 2πα^′F_{ij}) + O(∂T ) , (3.25)

This action evaluated on the tachyon profile T = ux^1 should be equal to the partition sum in the limit u → 0. From this requirement we can determine the overall normalisation constant K. Then the action (3.25) evaluated on the tachyon profile T (x) = ux^1 is equal to − √ 2T_{2p} ∫ dtd^{2p−1}x √ (1 + (2πα^′θ)^2) det(δ_{ij} + 2πα^′F_{ij}) ∫ dx^1e^{−2πu2(x1)2} = = − 1 u T_{2p} ∫ d^{2p−1}x √ (1 + (2πα^′θ)^2) det(δ_{ij} + 2πα^′F_{ij}) . (3.26)

On the other hand, in the limit u → 0 we have Z(v)_{fermi} = √ 2 v + O(v), v ∼ 0 , (3.27)

so that the partition function is equal to S = K 1 √ 2πα^′u^2 ∫ dtd^{2p−1}x √ (1 + (2πα^′θ)^2) det(δ_{ij} + 2πα^′F_{ij}) (3.28)

and consequently K = −T_{2p} √ 2πα^′ . (3.29)

Using this result it is easy to see that the action arising from the tachyon condensation is equal to (In this case the tachyon condensation corresponds to u → ∞ [11]) S = Z(∞) = − √ 2πα^′T_{2p} √ 2π ∫ dtd^{2p−1}x √ det(δ_{ij} + 2πα^′F_{ij}) = = −T_{2p−1} ∫ dtd^{2p−1}x √ det(δ_{ij} + 2πα^′F_{ij}) , (3.30)

where we have used Z(v) ∼ √ 2π + O(v^{−1}) , u → ∞ . (3.31)

The result (3.30) is a correct value of the action for D(2p-1)-brane with the background gauge field strength F_{ij}. However, we must stress one important thing. It seems that in this approach we cannot construct space-time filling D9-brane as can be seen from (3.17). On the other hand we can construct the space-time filling unstable DD9 system with equal gauge field background. Let us consider formally the same ansatz as (3.17)

T = uΦ_{10}, [Φ_x, Φ_y] = iϵ_{xy}θ, , x, y = 9, 10, [Φ_i, Φ_j] = iθ_{ij}, i, j = 1, . . . , 8, (3.32)

so that θ in [Φ_a, Φ_b] = iθ_{ab} has a form

θ = θ_{ij} 0 0 0 0 θ 0 −θ 0 , i, j = 1, . . . , 8 . (3.33)

Now Φ_{10} is quantum mechanical operator without any space-time meaning. We see that we can perform the same calculation as above with the result S =< e^{−I} >=< exp (∫ dτ [ −(u^2(X^9)^2 + α^′u^2ψ^9 1 ∂_τ ψ^9) +

+iA_i(X^i)∂_τ X^i + iα^′ 2 F_{ij}ψ^iψ^j ]) > , F_{ij} = θ_{ij} , (3.34)

where we have used the fact that there is no term proportional to ∂_nX^{10}. Naively we could say that this action corresponds to space-time filling D9-brane. However we know that D9-brane is stable so that it does not contain tachyon in its spectrum. Moreover, we know that D8-brane that arises from the tachyon condensation in the previous expression in the limit u → ∞ is unstable so that its tension is √ 2T_8. We also know that in the limit u → ∞ we get the numerical value (3.31). From these facts we conclude that the normalisation constant in (3.34) is equal to 2T_9. In other words, the action (3.34) corresponds to the partition sum for DD9 system with equal gauge field background on their world-volumes as it will be clear from the analysis in the next section.

In order to describe single D9-brane in this approach we propose other process which unfortunately does not seem to have simple description in BSFT. We construct an infinite number of D7-branes through the tachyon condensation and then single D9-brane arises by ordinary matrix theory construction reviewed above. Unfortunately, the tachyon condensation in BSFT describing general configuration of D-branes seems to be difficult problem since the boundary theory is not free [7]. For that reason we leave this issue for the future research.

4. DD-system

The action proposed in (2) section corresponds to the space-time filling DD9 system, for lower dimensional ones with x^μ, μ = 0, . . . , p Neumann boundary conditions and x^i, i = p + 1, . . . , 9 Dirichlet boundary conditions the matrix M has a form M(A, Φ, A^′, Φ^′, T ) = ( −iA_μ(X^μ)DX^μ − iΦ_i(X^μ)D̃X^i T (X^μ) T (X^μ) −iA_μ(X^μ)DX^μ − iΦ^′_i(X^μ)D̃X^i ) , (4.1) where now Φ_i, Φ^′_i describe transverse fluctuations of N Dp-branes and Dp-branes respectively and where D̃ = ∂_θ + θ∂_n.

In the following we will consider N DD0 system in the limit N → ∞. Now the gauge fields A_0, A^′_0 are not dynamical fields and we can eliminate them thanks to the gauge invariance. Then M has a form

M(Φ, Φ^′, T ) = ( −iΦ_I (X^0)D̃X^I T (X^0) T (X^0) −iΦ^′_I (X^0)D̃X^I ) , I = 1, . . . , 9 . (4.2)

Performing the same calculation as in (2) section we obtain T-dual version of the action (2.12) (We consider time-independent background fields)

S(Φ, Φ^′, T ) =< exp (−I(Φ, Φ^′, T )) > , I = ∫ dτ ( η_a∂_τ η^a + η_aM^a_b η^b ) , M = ( −i(Φ_I∂_nX^I − i^{α0}_2 [Φ_I , Φ_J ]ψ^Iψ^J ) + T T i √ α^′(Φ_I T − T Φ^′_I )ψ^I −i √ α^′(T Φ_I − Φ^′_I T )ψ^I −i(Φ_I∂_nX^I − i^{α0}_2 [Φ_I , Φ_J ]ψ^Iψ^J ) + T T ) . (4.3)

To begin with, consider the configuration with the tachyon fields equal to the constant value T and with all D0-branes sitting in the origin which corresponds to Φ^I , Φ^{′I} = 0. Then M = ( T T 0 0 T T ) . (4.4)

Note that now the tachyon field is on the main diagonal so that it should be regarded as a field with even grading. Then we obtain [18]

S = 2T_0Tr_{N ×N} e^{−2πT T} . (4.5)

We see that the unstable DD0-system corresponds to the tachyon value T = 0 and the closed string vacuum to the value T = ∞. It is also clear that we can construct many configurations around the perturbative unstable vacuum T = 0, for example

[Φ^1_i , Φ^1_j ] = iθ^1_{ij}, i, j = 1, . . . , 2p_1, [Φ^2_i , Φ^2_j ] = iθ^2_{ij}, i, j = 1, . . . , 2p_2 (4.6)

with the first commutator corresponding to D0-branes and the second one to D0- branes. When we insert this ansatz into (4.3) we see that M is again block diagonal and consequently the partition function reduces to two independent parts corresponding to the partition sum for D2p_1 -brane and D2p_2 -brane respectively

S_{D2p1+D2p2} = 2∑ k=1 < TrP exp ( i ∫ dτ [ Φ^k_i ∂_nX^i + α^′ 2 θ^k_{ij}ψ^iψ^j ]) > . (4.7)

Each partition function is equivalent to the partition function for D2p_{1,2}-brane with the background gauge field θ^{1,2}_{ij} as we have shown in [41]. As we can expect from the general theory [26] this configuration either annihilates to the closed string vacuum or to the state with the lower dimensional D-brane charge. The final state of the configuration depends on the form of the background field strengths F^{1,2} = θ^{1,2}. It would be nice to study this process in the BSFT theory however it seems to be difficult task since the world-sheet theory is not free even in the case of the constant tachyon field. On the other hand, in [18, 19] the lower dimensional D-branes emerge naturally from DD system even in the case of the vanishing gauge field. We can then expect that higher dimensional D-branes arise from DD0 system in the similar manner.

To see directly the emergence of D-branes we should turn on the tachyon field. We restrict ourselves on the linear profile of the tachyon as in [18]. Let us consider the ansatz

[Φ_a, Φ_b] = iθ_{ab}, a, b = 1, . . . , 2p, [Φ^′_i, Φ^′_j ] = iθ_{ab}, a, b = 1, . . . , 2p, T = u^aΦ_a, (4.8)

where u^a are complex numbers. In other words, we presume that Φ, Φ^′ are the same quantum mechanical operators. Then M is equal to M = ( −i(Φ_a∂_nX^a +^{α0}_2 θ_{ab}ψ^aψ^b) + u^{∗a}u^bΦ_aΦ_b √ α^′θ_{ab}u^{a∗}ψ^b √ α^′θ_{ab}u^aψ^b −i(Φ_a∂_nX^a +^{α0}_2 θ_{ab}ψ^aψ^b) + u^{a∗}u^bΦ_aΦ_b ) . (4.9) We rewrite the path integral over η as the path-ordered trace. Then as in (2) section we can write M as

M = 1_{2×2} ⊗ M_1(Φ)_{N ×N} + M_{2,2×2} ⊗ 1_{N ×N} , (4.10)

Now we can easily rewrite the first term in the form of the path integral over ϕ_a so we obtain < e^{−I} >=< Tr_{2×2}P ∫ [dϕ_a] exp (∫ dτ [ 1_{2×2} ⊗ (i 1 2 ϕ_aθ^{ab}ϕ̇_b − u^{a∗}u^bϕ_aϕ_b + iϕ_a∂_nX^a) − − √ α^′θ_{ab} ( 0 u^{a∗}ψ^b u^aψ^b 0 ) + 1_{2×2} ⊗ i α^′ 2 θ_{ab}ψ^aψ^b ]) > . (4.11)

We propose the ansatz

T = 4∑ x=1 u^xX_x, u^1 = u_1, u^2 = u^4 = 0, u^3 = iu_3, [Φ_a, Φ_b] = iθ_{ab}, a, b = 1, . . . , 2p,

(4.12) with

θ_{ab} = 0 θ_1 0 0 0 −θ_1 0 0 0 0 0 0 0 θ_2 0 0 0 −θ_2 0 0 0 0 0 0 θ_{ij} , i, j = 5, . . . , 2p . (4.13)

We must stress that this is not the most general ansatz, rather this is the background for which we can explicitly calculate the BSFT action. Then

u_iu^∗_j ϕ^iϕ^j → u^2_1ϕ^2_1 + u^2_3ϕ^2_3 (4.14)

and also

(E_n)_{xy} =

−u^2_1^n_{θ1} 0 0 −^n_{θ1} 0 0 0 0 0 −u^2^n_{θ2} 0 0 −^n_{θ2} 0

, det(E_{xy}) = n^2 θ^2_1 n^2 θ^2

, (E_n)^{−1}_{xy} =

0 −^{θ1}_n 0 0

θ_1

n −^{θ21 u2}_{n2} 0 0 0 0 0 −^{θ2}_n 0 0^{θ2}_n −^{θ2 u2}_{n2} .

(4.15) Terms proportional to θ_{ij} give the standard result reviewed in previous parts. On the other hand, for x, y = 1, . . . , 4 we obtain − 1 2 ∫ dτ dτ^′∂_nX^x△(τ − τ^′)^{−1}_{xy} ∂_nX^y(τ^′) = πα^′ 2 ∑ n θ_{xy}nX^x_{−n}X^y_n − − πα^′ 2 ∑ n,n≠0 ( ũ^2X^2_{−n}X^2_n + ũ^2_4X^4_{−n}X^4_n ) = i 2 ∫_2π 0 dτ θ_{xy}X^x(τ )Ẋ^y(τ ) − ∫_2π 0 dτ T (X)^2 , T (X) = ũ^2(X^2(τ ))^2 + ũ^2_4(X^4(τ ))^2, ũ_2 = θ_1u_1, ũ_4 = θ_2u_3 , (4.16)

so we have

< e^{−I} >=< Tr_{2×2}P exp (∫ dτ [ 1_{2×2} ⊗ (iA_a(X)∂_τ X^a + iα^′F_{ab} 2 ψ^aψ^b − T (X)^2)− − √ α^′ ( 0 θ_{12}u^1ψ^2 − iθ_{34}u^3ψ^4 θ_{12}u^1ψ^2 + iθ_{34}u^3ψ^4 0 )]) >=< exp (∫ dτ [iA_a(X)∂_τ X^a+ + iα^′F_{ab} 2 ψ^aψ^b − T (X)^2 − ξξ̇ − (ξ + ξ) √ α^′ũ_2ψ^2 − i √ α^′(ξ − ξ)ũ_4ψ^4) ]) > , (4.17)

where we have used the correspondence between fermionic fields ξ, ξ and Pauli matrices which was explicitly demonstrated in (2) section. It is now easy to study the tachyon condensation, following [18, 19]. Firstly we integrate out the fermionic field ξ, ξ which gives ξ = − √ α^′ 1 ∂_τ (u_2ψ^2 + iu_4ψ^4) , ξ = − √ α^′ 1 ∂_τ (u_2ψ^2 − iu_4ψ^4) , (4.18) where we have renamed ũ_x → u_x. Consequently we have < e^{−I} >=< exp (∫ dτ [ iA_a∂_τ X^a + iα^′ 2 F_{ab}ψ^aψ^b− −T (X)^2 − α^′ ( u^2ψ^2 1 ∂_τ ψ^2 + u^2_4ψ^4 1 ∂_τ ψ^4 )]) > . (4.19) Now the calculation is the same as in the original papers [11, 18, 19]. Thanks to the special form of the ansatz (4.8,4.12) the partition sum factorises into the subspaces labelled with the coordinates x^{1,2}, x^{3,4} and x^{5,...,2p}. Then we can use the approach outlined in the previous section with the result S = K ∫ dtd^{2p−2}xZ(v_1, v_2)e^{−2πT T} √ det(δ_{ij} + 2πα^′F_{ij}) ,

Z(v_1, v_2) = 2∏ i=1 4^{v2}i

Z_1(v_{2i})^2 Z_1(2v_{2i})

, Z_1(x) = √ xe^{γx}Γ(x) , v_{2i} = 4πα^′u^2_i 1 + (2πα^′θ_i)^2 . (4.20) As usual we can expect that for a slowly varying tachyonic field this action reduces to the sum of two DBI actions for a D-brane and an anti-D-brane respectively. However thanks to the particular choose of the background fields these two actions are equal so that we expect that the action will have a form S = −2T_{2p} ∫ dtd^{2p}xe^{−2πT T} √ det(δ_{ab} + 2πα^′F_{ab}) + O(∂T ) = = −2T_{2p} ∫ dtd^{2p}xe^{−2πT T} √ (1 + (2πα^′θ_1)^2)(1 + (2πα^′θ_2)^2) √ det(δ_{ij} + 2πα^′F_{ij}) + O(∂T ) . (4.21) As in the previous section we should work out this action on the tachyon profile T T = u^2(x^2)^2 + u^2_4(x^4)^2 which gives S = −2T_{2p} ∫ dtd^{2(p−1)}x √ (1 + (2πα^′θ_1)^2)(1 + (2πα^′θ_2)^2) √ det(δ_{ij} + 2πα^′F_{ij}) × × ∫ dx^2e^{−2πu2(x2)2} ∫ dx^4e^{−2πu24(x4)2} = − T_{2p} u_2u_4 ∫ dtd^{2p−2}x √ det(δ_{ab} + 2πα^′F_{ab}) . (4.22) On the other hand, for u_i ∼ 0 we have Z(v_1, v_2) ∼^2√_{v2v4} and consequently (4.20) is equal to S = K 2πα^′u_2u_4 ∫ dtd^{2p−2}x √ ((1 + (2πα^′θ_1)^2)(1 + (2πα^′θ_2)^2) √ det(δ_{ij} + 2πα^′F_{ij}) (4.23) Comparing these two expressions we obtain the value of the normalisation constant K = −2πα^′T_{2p}. (4.24)

Then it is easy to study the tachyon condensation. For u_2 → ∞ and u_4 → ∞ we have 4^v

Z_1(v)^2 Z_1(2v) ∼ √ 2π, v → ∞ (4.25)

and consequently the action is equal to −T_{2p−2} ∫ dtd^{2p−2}x √ det(δ_{ij} + 2πα^′F_{ij}) (4.26)

which is the correct value of the action for D_{2p−2}-brane with the background gauge field F_{ij}. On the other hand, for u_2 → 0, u_4 → ∞ we have

Z(v_1, v_2) → √ 4π √ v_2 = √ 1 + (2πθ_1)^2 √ α^′u_2

(4.27)

so that S = − √ 2T_{2p−1} √ 2u_2 ∫ dtd^{2p−2}x √ (1 + (2πα^′θ_1)^2) det(δ_{ij} + 2πα^′F_{ij}) = = − √ 2T_{2p−1} ∫ dtdx^1e^{−2πu2(x2)2} d^{2p−2}x √ (1 + (2πα^′θ_1)^2) det(δ_{ij} + 2πα^′F_{ij}) = = − √ 2T_{2p−1} ∫ dtd^{2p−1}x √ (1 + (2πα^′θ_1)^2) det(δ_{ij} + 2πα^′F_{ij}) (4.28)

which is a correct action for non-BPS D(2p-1)-brane with the background gauge field F_{12} = θ_1, F_{ij}. To conclude, we have shown in this section that Dp-branes, p ≤ 6 naturally arise from N D0 and D0-branes in the limit N → ∞ through the particular ansatz (4.12). We also see that (4.12) cannot lead to the emergence of D7, D8 and D9-brane since the maximal number of 2p = 8. In order to describe these D-branes we should proceed in the same way as was outlined in the end of the previous section. In order to describe non-BPS D9-brane we take the ansatz [Φ_a, Φ_b] = iθ_{ab}, a, b = 1, . . . , 8, [Φ^′_i, Φ^′_j ] = iθ_{ab}, a, b = 1, . . . , 8, T = uΦ_{10}, u = u^∗, [Φ_9, Φ_{10}] = iθ, (4.29)

with θ the same as in (3.33). When we insert this configuration into (4.3) M is equal to M = ( −i(Φ_a∂_nX^a +^{α0}_2 θ_{ab}ψ^aψ^b) + u^2Φ^2_{10} √ α^′θuψ^9 √ α^′θuψ^9 −i(Φ_a∂_nX^a +^{α0}_2 θ_{ab}ψ^aψ^b) + u^2Φ^2_{10} ) . (4.30) We see that the previous expression is a special form of M which we have discussed in (2) section and which leads to the partition sum for non-BPS D-brane through the (−1)^FL orbifold projection. Then the previous expression naturally leads to the partition function for D9-brane whose boundary theory has two fix points: one corresponding to non-BPS D9-brane and the second one to BPS D8-brane. We see that D8 and D9-branes naturally arise from the DD0 system. And finally, to describe D7-brane we can use a modification of (4.3) where we replace one part of the tachyon field (say T = u_3Φ^3) with T = u_9Φ^{10} with the commutation relations between various Φ’ the same as in (4.29). Then it is easy to see that the limit u_1, u_9 → ∞ leads to D7-brane exactly in the same way as we have shown in previous parts. We can then claim that all D-branes naturally emerge from DD0 system.

5. Conclusion

In this paper we have studied the emergence of D-branes from N of DD0 system in type IIA theory, following our recent paper [41]. We have seen that the DD-system is very interesting and seems to be the most general unstable configuration in type IIA, IIB theories. Many problems and issues with these configurations have been considered recently in the papers [45, 46, 47]. In this paper we have tried to show that the BSFT theory is also very useful tool for study the emergence of higher dimensional D-branes from lower dimensional ones.

However, many open question remains. We have seen that there is a problem with the tachyon condensation on the DD-system with different gauge fields background. From the general arguments regarding tachyon condensation [24, 26] we can expect that after the tachyon condensation either lower dimensional D-brane emerges or the system ends in the closed string vacuum according to the value of background gauge field. It would be nice to study this process directly in BSFT theory. It would be also nice to study the fluctuations around various nontrivial configurations which arise from the tachyon condensation in the BSFT approach. And finally, it should be addressed the question of the relation BSFT to the Matrix theory.

Acknowledgements We would like to thank Rikard von Unge for very helpful discussions. This work was supported by the Czech Ministry of Education under Contract No. 143100006.

References

[1] E. Witten, ”On background independent open string field theory,” Phys. Rev. D 36 (5467) 1992, hep-th/9208027.

[2] E. Witten, ”Some computations in background independent off-shell string theory,” Phys. Rev. D 47 (3405) 1993, hep-th/9210065.

[3] K. Li and E. Witten, ”Role of short distance behaviour in off-shell open string field theory,” Phys. Rev. D 48 (853) 1993, hep-th/9303067.

[4] S. L. Shatashvili, ”Comment on the background independent open string theory,” Phys.

Lett. B 311 (83) 1993, hep-th/9303143.

[5] S. L. Shatashvili, ”On the problems with background independence in string theory,”

hep-th/9311177.

[6] A. A. Gerasimov and S. L. Shatashvili, ”On exact tachyon potential in open string field theory,”, J. High Energy Phys. 0010 (034) 2000, hep-th/0009103.

[7] D. Kutasov, M. Marino and G. Moore, ”Some exact results on tachyon condensation in string field theory,” hep-th/0009148.

[8] D. Ghoshal and A. Sen, ”Normalisation of the Background Independent Open String Field Theory Action,” hep-th/0009191.

[9] L. Cornalba, ”Tachyon Condensation in Large Magnetic Fields with Background Independent String Field Theory,” hep-th/0010021.

[10] K. Okuyama, ”Noncommutative Tachyon from Background Independent Open String Field Theory,” hep-th/0010028.

[11] D. Kutasov, M. Marino and G. Moore, ”Remarks on Tachyon Condensation in Superstring Field Theory,” hep-th/0010108.

[12] O. Andrejev, ”Some Computations of Partition Functions and Tachyon Potentials in Background Independent Off-Shell String Theory,” hep-th/0010218.

[13] S. Dasgupta and T. Dasgupta, ”Renormalisation Group Analysis of Tachyon Condensation,” hep-th/0010247.

[14] S. Moriyama and S. Nakamura, ”Descent relation of tachyon condensation in open boundary string theory,” hep-th/0011002.

[15] A. A. Gerasimov and S. L. Shatashvili, ”String Higgsy Mechanism and the Tate of Open Strings,” hep-th/0011009.

[16] D. Nemeschanski and V. Yasnov, ”Background Independent Open-String Field Theory and Constant B-Field,” hep-th/0011108.

[17] M. Kleban, A. Lawrence and S. Shenker, ”Closed strings from nothing,”

hep-th/0012081.

[18] P. Kraus and F. Larsen, ”Boundary String Field Theory of DD̄ system,”

hep-th/0012198.

[19] T. Takayanagi, S. Terashima and T. Uesugi, ”Brane-Antibrane Action from Boundary String Field Theory,” hep-th/0012210.

[20] T. Takayanagi, ”Holomorphic Tachyons and Fractional D-branes,” hep-th/0103021.

[21] A. Tseytlin, ”Sigma model approach to string theory effective actions for tachyons,”

hep-th/0011033.

[22] J. A. Harvey, S. Kachru, G. Moore and E. Silverstein, ”Tension is dimension,’ J. High Energy Phys. 0003 (2000) 001, hep-th/9909072.

[23] J. A. Harvey, D. Kutasov and E. Martinec, ”On the relevance of tachyons,”

hep-th/0003101.

[24] A. Sen, ”Non-BPS States and branes in string theory,” hep-th/9904207. [25] A. Sen, ”Descent Relations among bosonic D-branes,” Int. J. Mod. Phys. A 14 (1999) 4061.

[26] E. Witten, ”D-branes and K-theory,” J. High Energy Phys. 12 (019) 1998,

hep-th/9810188.

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

[28] L. Rastelli, A. Sen and B. Zwiebach, ”String Field Theory Around the Tachyon Vacuum,” hep-th/0012251.

[29] L. Rastelli, A. Sen and B. Zwiebach, ”Classical Solutions in String Field Theory Around the Tachyon Vacuum,” hep-th/0102112.

[30] K. Ohmori, ”A Review on Tachyon Condensation in Open String Field Theories,”

hep-th/0102085.

[31] N. Seiberg, ”A Note on Background Independence in Noncommutative Gauge Theories, Matrix Model and Tachyon Condensation,” J. High Energy Phys. 0009 (2000) 003, hep-th/0008013.

[32] J. Klusoň, ”D-branes from N Non-BPS D0-branes,” J. High Energy Phys. 0011 (2000) 016, hep-th/0009189.

[33] J. Klusoň, ”Matrix model and string field theory,” hep-th/0011029. [34] S. Terashima, ”A Construction of Commutative D-branes from Lower Dimensional Non-BPS D-branes,” hep-th/0101087.

[35] A. A. Tseytlin, ”On non-abelian generalisation of Born-Infeld action in string theory,”

hep-th/9701125.

[36] W. Taylor, ”Lectures on D-branes, gauge theory and M(atrices),” hep-th/9801182. [37] W. Taylor, ”The M(atrix) model of M-theory,” hep-th/0002016. [38] A. Konechny and A. Schwarz, ”Introduction to M(atrix) theory and noncommutative geometry,” hep-th/0012145.

[39] W. Taylor, ”M(atrix) Theory: Matrix Quantum Mechanics as a Fundamental Theory,”

hep-th/0101126.

[40] A. A. Tseytlin, ”Born-Infeld action, supersymmetry and string theory,”

hep-th/9908105.

[41] J. Klusoň, ”D-branes in Bosonic and Type IIA string theory from N D(-1)-branes,”

hep-th/0102063.

[42] J. Polchinski, ”String theory, Vol. 1”.

[43] D. Quillen, ”Superconnection and the Chern character,” Topology 24 (1985) 89 . [44] M. Alishahiba, H. Ita and Y. Oz, ”On Superconnections and the Tachyon Effective Action,” hep-th/0012222.

[45] P. Kraus, A. Rajaraman and S. Shenker, ”Tachyon Condensation in Noncommutative Gauge Theory,” hep-th/0010016.

[46] G. Mandal and S. R. Wadia, ”Matrix Model, Noncommutative Gauge Theory and the Tachyon Potential,” hep-th/0011094.

[47] M. Li, ”Note on Noncommutative Tachyons in Matrix Models,” hep-th/0010058.