arXiv:hep-th/0501016 v3 13 Apr 2005

hep-th/0501016

Exact Rolling Tachyon in Noncommutative Field Theory

Yoonbai Kim and O-Kab Kwon

BK21 Physics Research Division and Institute of Basic Science, Sungkyunkwan University, Suwon 440-746, Korea

yoonbai@skku.edu okab@skku.edu

Abstract

We study the exact rolling tachyon solutions in DBI type noncommutative field theory with a constant open string metric and noncommutative parameter on an unstable Dp-brane. Functional shapes of the obtained solutions span all possible homogeneous rolling tachyon configurations; that is, they are hyperbolic-cosine, hyperbolic-sine, and exponential under 1/ cosh runaway NC tachyon potential. Even if general DBI type NC electric field is turned on, only a constant electric field satisfies the equations of motion, and again, exact rolling tachyon solutions are obtained.

1 Introduction

Rolling tachyon was constructed as classical time dependent solutions in open string theory, describing real-time dynamics of tachyonic degree on unstable D-branes [1, 2, 3]. When NSNS two-form field and the gauge field exist on the D-brane, two descriptions of effective field theory (EFT) can be applied: One is the usual EFT coupled to Dirac- Born-Infeld (DBI) electromagnetism and the other is noncommutative (NC) field theory (NCFT) [4].

When a constant electric component of the NSNS two-form field or an equivalently constant electric field is turned on, various approaches in terms of boundary conformal field theory (BCFT) [5], EFT [5, 6], and NCFT [5] are employed to obtain rolling tachyon solutions which are compared at the level of energy-momentum tensor mostly for large elapsed time. At this new vacuum, tachyon matter [1] does not contribute to pressure but fundamental strings (F1s) in the fluid state [7] do [5, 6]. For any runaway NC tachyon potentials, three species of rolling tachyon solutions can be found, which are identified as two full S-brane solutions and one half S-brane solution [8, 9, 10].

When both electric and magnetic components of the NSNS two-form field are taken into account, the same three types of rolling tachyon solutions are obtained in BCFT [11] and EFT [12] irrespective of various constant electromagnetic field configurations and specific shapes of tachyon potentials. In the EFT of DBI action with 1/ cosh type tachyon potential, homogeneous rolling tachyon solutions are given as exact solutions despite of nonlocality and many field strength components for arbitrary Dp-brane [13, 14].

NC electromagnetic field and NC tachyon with its condensation have been an attractive subject since initial investigations on NCFT [15]. Studies on exact tachyon kinks have been performed recently [16, 17], but exact homogeneous rolling tachyon solutions have yet to be reported in the context of NCFT. In this paper we consider an NC DBI action and 1/ cosh type NC tachyon potential with constant open string metric and NC parameter, and investigate exact homogeneous NC rolling tachyon solutions. We attempt to find such solutions for cases with or without coupling of the NC electromagnetic field, and they had one-to-one correspondence with those in EFT. For their energy-momentum tensor, two full S-brane solutions are in agreement qualitatively to but half S-brane solution coincides exactly with that of BCFT.

The rest of this paper is organized as follows. In section 2, the most general homogeneous solution of NC rolling tachyon with open string metric and NC parameter is derived from a constant NSNS two-form field. In section 3, DBI NC electromagnetic field is added and we also find homogeneous NC rolling tachyon solution for the case with the

NC electric field. In section 4, results and conclusions are presented.

2 NC Rolling Tachyon

In this section, we study rolling tachyon in NCFT, describing dynamics of an unstable Dp-brane coupled to both constant DBI type electromagnetic field and constant antisymmetric NSNS two-form field. All possible homogeneous NC rolling tachyons are found as exact solutions. In the context of EFT, rolling tachyons with DBI type electromagnetism [5, 6] is described by the action S = −T_p ∫ d^px V (T ) √ − det(η_{μν} + F_{μν} + ∂_μT ∂_ν T ) , (2.1)

and, for specific form of tachyon potential [18, 13, 19],

V (T ) = 1 cosh (_T R ). (2.2)

All possible homogeneous rolling tachyons are obtained as exact solutions [13, 12]. Specifically, for an arbitrary p, every component of the field strength tensor F_{μν} satisfying the gauge equation and Bianchi identity should be constant [14], and then the tachyon profiles, T (t), are obtained by solving a first-order equation given by the definition of the constant Hamiltonian density H H = α_{p0}T_pV (T ) √ β_p − α_{p0}Ṫ^2

, (2.3)

where β_p = − det(η_{μν} + F_{μν} ) and α_{p0} > 0 is a 00-component of the cofactor C^{μν} of matrix η_{μν} + F_{μν} + ∂_μT ∂_ν T . For β_p − α_{p0}Ṫ^2, β_p > 0 in order to obtain nontrivial rolling tachyon solutions. This condition leads to critical value of the electromagnetic field. Homogeneous rolling tachyon solutions exist for positive β_p and, by value of the Hamiltonian density H, solutions of Eq. (2.3) are classified into three forms,

sinh ( T (t) R ) = √ u^2 − 1 cosh (t/ζ) for H < √_{αp0} β_p Tp exp (t/ζ) for H = √_{αp0} β_p Tp √ 1 − u^2 sinh (t/ζ) for H > √_{αp0} β_p Tp , (2.4)

where u = α_{p0}T_p/(β_pH) and ζ = √ α_{p0}/β_p R. Since the electromagnetic field F_{μν} of interest is constant on the D-brane and gauge invariant configuration on this D-brane is given by the sum of the electromagnetic field and antisymmetric NSNS two-form field, B_{μν} + F_{μν} , one can regard the constant electromagnetic field as a part of constant NSNS two-form field on the D-brane. When we have an open string theory with flat closed string metric η_{μν} and constant background two-form field B_{μν} = F_{μν} , a BCFT calculation of the propagator on a disc, which corresponds to a point splitting regularization of string theory, provides an open string metric G^{μν} and NC parameter θ^{μν} in terms of the closed string variables as

G_{μν} = g_{μν} − (Bg^{−1}B)_{μν} , (2.5) θ^{μν} = − ( 1 g + B B 1 g − B )_{μν} . (2.6)

According to the result of Ref. [4], the DBI action (2.1) without the tachyon is equivalent to NC DBI action S_Θ:

S(g_{μν} , B_{μν} ; T = F_{μν} = 0) = √ − det(g_{μν} + B_{μν} ) − det G_{μν} S_Θ(G_{μν} , θ^{μν} ; T̂ = F̂_{μν} = 0), (2.7)

where every product in S_Θ is replaced by star product (∗) f(x) ∗ g(x) ≡ e^{i2 θμν ∂∂ξμ ∂∂ζν} f(x + ξ)g(x + ζ)|_{ξ=ζ=0}. (2.8) Here, T̂ (x) is the NC tachyon and F̂_{μν} (x) is (usually slowly varying) the NC electromagnetic field strength tensor defined by

F̂_{μν} = ∂_μÂ_ν − ∂_νÂ_μ − iÂ_μ ∗ Â_ν + iÂ_ν ∗ Â_μ. (2.9)

When the NC tachyon with arbitrary spacetime dependence is taken into account, the NC tachyon T̂ is related to the tachyon T by a field redefinition, and the equivalence between the DBI type EFT action and the DBI type NC action in Eq. (2.7) is not proved, yet. For the homogeneous rolling tachyon solution depending only on the time coordinate, every star product in S_Θ is replaced by an ordinary product as T̂ (t) ∗ T̂ (t) = e^i2 [^{2θtxi (∂ξ}t^{∂ζ}xi^{−∂ξ}xi^{∂ζ}t^{)+θxi xj (∂ξ}xi^{∂ζ}xj^{−∂ξ}xj^{∂ζ}xi^)]T̂ (t + ξ)T̂ (t + ζ) | | |_{ξ=ζ=0} = T̂^2(t), (2.10) and the field redefinition between T̂ and T is identity by the result of Ref. [5]

T̂ (t) = T (t). (2.11)

When F̂_{μν} = 0, a resultant NC version of the action (2.1) is Ŝ = − T̂_p 2 ∫ d^{p+1}x [ V̂ (T̂ ) ∗ √ − det_∗(G_{μν} + ∂_μT̂ ∗ ∂_νT̂ ) + (√ ↔ V̂ ) ] , (2.12) where T̂_p = T_p/ √ det(1 + g^{−1}B) . In fact, the NC action (2.12) is equivalent to the effective action S up to leading θ^{μν} order [16]. Because V̂ (T̂ )∗ ⇒ V (T̂ ) (see Eq. (2.2)), det_∗ ⇒ det, and ∂_μT̂ ∗ ∂_νT̂ = ∂_μT̂ ∂_νT̂ = δ_{μ0}δ_{ν0} ^̇T^2 from Eqs. (2.10)–(2.11), our action (2.12) with a flat metric g_{μν} ⇒ η_{μν} is simplified for a homogeneous solution

Ŝ = √ − det(η_{μν} + B_{μν} ) − det G_{μν} S_Θ(G_{μν} , θ^{μν} ; T̂ , F̂_{μν} = 0) (2.13) = − T_p (−G)^{14} ∫ d^{p+1}x V (T̂ ) √ − det(G_{μν} + ∂_μT̂ ∂_νT̂ ) (2.14) = − T_p (β̂_p)^14 ∫ d^{p+1}x V (T̂ ) √ β̂_p − α̂_{p0} ^̇T 2 , (2.15)

where β̂_p = −G = − det(G_{μν} ) ≥ 0, α̂_{p0} > 0 is 00-component of the cofactor Ĉ^{μν} of matrix (X̂)_{μν} = G_{μν} + ∂_μT̂ ∂_νT̂ , and −X̂ ≡ − det X̂_{μν} = β̂_p − α̂_{p0} ^̇T^2.

NC energy-momentum tensor is read through variation of the open string metric T̂^{μν} ≡ 2√ −G δŜ_Θ δG_{μν} = T_pV √ −G √ −X̂ ( X̂G^{μν} − G∂^μT̂ ∂^νT̂ ) , (2.16)

where the tensor indices are lowered and raised by using the open string metric as ∂^μ = G^{μν} ∂_ν . The time-component of the conservation of the energy-momentum tensor

D̂_μT̂^{μν} = 0 (2.17)

forces NC Hamiltonian density to be a constant Ĥ = − √ −G T̂^0_0 = β̂_pT_pV (T̂ ) √ β̂_p − α̂_{p0} ^̇T 2

. (2.18)

This first-order equation is consistent with the second-order NC tachyon equation of motion, and, similar to Eq. (2.3), all possible homogeneous NC rolling tachyons are given by one parameter (Ĥ) family of solutions of Eq. (2.18). For any NC tachyon potential V (T̂ ) satisfying the runaway property V (T̂ = 0) = 1 and V (T̂ = ±∞) = 0, three types of NC rolling tachyons are obtained: (i) When Ĥ < √ β̂_p T_p, a convex-up (or down) NC rolling tachyon connecting T̂ (t = −∞) = +∞ (or −∞) and T̂ (t = ∞) = +∞ (or −∞); (ii) when Ĥ = √ β̂_p T_p, a monotonic increasing (or decreasing) NC rolling tachyon

connecting T̂ (t = −∞) = 0 and T̂ (t = ∞) = +∞ (or −∞) and; (iii) Ĥ > √ β̂_p T_p, another monotonic increasing (or decreasing) NC rolling tachyon connecting T̂ (t = −∞) = −∞ (or +∞) and T̂ (t = ∞) = +∞ (or −∞). Note that (i) and (iii) are also named as full S-branes and (ii) is a^1_2 S-brane [8, 9]. If we choose the NC tachyon potential V (T̂ ) as 1/ cosh type (2.2), the exact homogeneous NC rolling tachyon solutions can be obtained as follows,

τ̂ (t) R ≡ sinh ( T̂ (t) R ) = √ û^2 − 1 cosh ( t/ζ̂ ) for Ĥ < √ β̂_pT_p (i)

ξ exp ( ±t/ζ̂ ) for Ĥ = √ β̂_pT_p (ii) √ 1 − û^2 sinh ( t/ζ̂ ) for Ĥ > √ β̂_pT_p (iii)

, (2.19)

where û = √ β̂_pT_p/Ĥ, ζ̂ = √ α̂_{p0}/β̂_p R, and ξ is an arbitrary constant.

Though the functional forms of the exact NC rolling tachyon solutions (2.19) correctly span all possible real solutions of linearized NC tachyon equation in the background of constant NSNS two-form field −∂^2_t τ̂ = − β̂_p α̂_{p0} τ̂ R^2

, (2.20)

the degree of validity of an effective action can be judged by comparing the obtained classical solutions (2.19) of the EFT with those of the open string theory, described by BCFT [20]. Specifically, this comparison is made with respect to the energy density and pressure given by matter responses to small gravitational fluctuations, and current density of F1 given by responses to small NSNS two-form field fluctuations: δŜ = 1 2 ∫ d^{p+1}x √ −g (T^{μν} δg_{μν} + J^{μν} δB_{μν} ) . (2.21)

For clarity, let us take into account the single electric component E_0 of the constant NSNS B-field along the x-direction on a flat unstable Dp-brane with closed string metric η_{μν} . When the constant value of the energy density in BCFT is the same one in the EFT

T_{00} = T_p V √ G_0 − ^̇T^2

≡ T^{BCFT}_{00} =

T_p cos^2(πλ̃) √ G_0 (i) T_p√ G_0 (ii) T_p cosh^2(πλ̃) √ G_0 (iii)

, (2.22)

nonvanishing components of the pressure and the string charge density for superstring theory are [5]

T^{BCFT}

11 =

−^{TpE20 cos2 (πλ̃)} √ G_0 − T_p √ G_0 cos^2(πλ̃)[1+sin^2(πλ̃)] cos^4(πλ̃)+4 sin^2 (πλ̃) cosh^2( √ G_0 t/ √ 2) (i) −^{Tp E20√}_{G0} −^{Tp} √ G_0 1+2π^2λ̃^2e

√_{2G0t} (ii)

−^{Tp E20 cosh2 (πλ̃)} √ G_0 − T_p √ G_0 cosh^2(πλ̃)[1−sinh^2(πλ̃)] cosh^4(πλ̃)+4 sinh^2(πλ̃) sinh^2( √ G_0t/ √ 2) (iii)

, (2.23)

T^{BCFT} ab = = ( T^{BCFT}

11 + T^{BCFT}_{00} E^2_0 ) δ_{ab}, (a, b = 2, 3, · · · , p), (2.24) J^{01}_{BCFT} = T^{BCFT}_{00} E_0, (2.25)

where λ̃ is a parameter labelling the energy density (2.22) and we have the following nonvanishing components of the open string metric (2.5) and the NC parameter (2.6)

G_0 ≡ 1 − E^2_0 = −G_{00} = G_{11}, G_{ab} = δ_{ab}, (2.26) θ ≡ E_0 1 − E^2_0

= θ^{01} = −θ^{10}, (2.27)

β̂_p = G^2_0, α̂_{p0} = G_0. (2.28)

Here, the cases (i), (ii), and (iii) correspond to the three cases in the NC rolling tachyon solutions (2.19). By comparing Eq. (2.18) with Eq. (2.22), following relation for the pure electric case with E_0 along x-direction is

Ĥ =

T_pG_0 cos^2(πλ̃) (i) T_pG_0 (ii) T_pG_0 cosh^2(πλ̃) (iii)

, (2.29)

and the nonvanishing pressure components and string charge density are

T_{11} = −T_{00}(1 − ^̇T^2)

= −^{TpE20 cos2(πλ̃)} √ G_0 − T_p √ G_0 cos^2 (πλ̃) cos^4(πλ̃)+sin^2(πλ̃)[1+cos^2 (πλ̃)] cosh^2 ( √ G_0 t/R) (i) −^{Tp E20√}_{G0} −^{Tp} √ G_0 1+ξ^2e^2

√_{G0 t/R} (ii)

−^{TpE20 cosh2(πλ̃)} √ G_0 − T_p √ G_0 cos^2(πλ̃) cosh^4(πλ̃)+sinh^2(πλ̃)[1+cosh^2 (πλ̃)] sinh^2( √ G_0 t/R) (iii)

, (2.30)

T_{ab} = −T_{00}(G_0 − ^̇T^2) = ( T_{11} + T_{00}E^2_0 ) δ_{ab}, (2.31) J^{01} = T_{00}E_0. (2.32)

If there is no contribution from the F1 represented by nonvanishing electric field E_0, the NC tachyon field has lim_{t→∞} ^̇T^2 → 1 and thereby, the homogeneous tachyon matter becomes pressureless, lim_{t→∞} T_{11} = lim_{t→∞} T_{ab} → 0, as long as the production of closed string degrees is neglected.

Due to the equivalence (2.13) between the effective action (2.1) and the NC action (2.12), the pressure (2.30)–(2.31) and the F1 charge density (2.32) coincide exactly with those of EFT as a defining property [13]. In addition, the F1 charge density (2.32) is the same as that in BCFT (2.25). The relative coefficients of T_{11} and T_{ab} computed from EFT or NCFT in Eqs. (2.30) and (2.31) agree qualitatively to but do not coincide exactly with those of BCFT in Eqs. (2.23) and (2.24) for the full S-brane cases (i) and (iii). This mismatch disappears for the half S-brane case (ii); that is, if we choose the origin of time as that satisfying ξ = √ 2πλ̃, the stress tensors share the same results with BCFT. This coincidence is also satisfied for the half S-brane in bosonic string theory with identification ξ = √ 2πλ̃ . The coincidence looks natural since the effective action (2.1) and the tachyon potential (2.2) of our consideration have been derived by open string theory by taking into account the fluctuations around half S-brane configuration with the higher derivatives neglected, i.e., ∂^2T = ∂^3T = · · · = 0 [19]. Though the pure electric case is compared, its generalization to arbitrary constant NSNS two-form field is automatic [11]. Comparing the obtained results to those from the string field theory [21] or c = 1 matrix model [22] is not yet made at the level of energy-momentum tensor.

3 NC Rolling Tachyon with NC Electric Field

U(1) gauge field lives on a D-brane and, in the context of NCFT, it appears as an NC U(1) gauge field F̂_{μν} on our single unstable D-brane. Without tachyonic degree the equivalence between the DBI-type action in ordinary field theory and the NCFT (2.7) still holds with inclusion of the NC U(1) gauge field. Various tachyon actions proposed [15, 16, 17], and, for those actions, reduction to the action (2.12) in vanishing F̂_{μν} limit is a necessary condition. For the following DBI-type action [16, 17], EFT and NCFT including the slowly-varying NC U(1) gauge field and NC tachyon field were proven to be equivalent up to the leading order of NC parameter θ^{μν}

Ŝ_{F̂} = − T̂_p 2 ∫ d^{p+1}x [ V̂ (T̂ ) ∗ √ − det_∗(G_{μν} + F̂_{μν} + D̂_μT̂ ∗ D̂_νT̂ ) + (√ ↔ V̂ ) ] , (3.1)

where D̂_μT̂ = ∂_μT̂ − i(Â_μ ∗ T̂ − T̂ ∗ Â_μ). (3.2)

Here, let us restrict our interest to pure electric cases. For a flat unstable D-brane of arbitrary p with a constant electric component of NSNS two form field B_{0i} = E^i_0, direction of the electric component can be always chosen as the x-direction. Then we have closed string variables η_{μν} and E_0 = E_0x, and the corresponding open string variables, G_{μν} and θ^{μν} , are given in Eqs. (2.26)–(2.27).

In the homogeneous NC rolling tachyon configurations, the NC tachyon and NC U(1) gauge field on the brane depend only on time T̂ = T̂ (t) and F̂_{μν} = F̂_{μν} (t). As we assumed, the field strength tensor has only electric components, F̂_{0i} = Ê^i(t) and F̂_{ij} = 0. At a given time t, two vectors E_0 (or equivalently ⃗θ^1 = θx) and Ê generally form a plane, and we work in the coordinates where the NSNS field is directed in the x-direction and the NC electric field lies on the xy-plane

F̂_{01} = Ê_1(t), F̂_{02} = Ê_2(t). (3.3)

In order to proceed, we choose a gauge

θ^{0μ}Â_μ = 0 (3.4)

which leads to Â_1 = 0 since θ = θ^{01} is nonvanishing among all the NC parameters. Substituting the gauge (3.4) into the definition of NC field strength tensor (2.9),

Ê_1 = ∂_1Â_0, Ê_2 = (1 + Ê_1θ)∂_0Â_2 − ∂_2Â_0. (3.5)

Note that the NC electric field (3.5) automatically satisfies NC Bianchi identity D̂_μF̂_{νρ} + D̂_νF̂_{ρμ} + D̂_ρF̂_{μν} = 0 [23, 17].

If we summarize our results under our ansatz (2.11) and (3.3), every star product is replaced by an ordinary product and then D̂_μT̂ = δ_{μ0}(1 + Ê_1θ) ^̇T^2. Inserting the results into the action (3.1), we obtain a simplified form of it

Ŝ_{F̂} = −T̂_p ∫ dtdxdyd^{p−2}x_⊥V̂ (T̂ ) √ −X̂ , (3.6)

where x_⊥s denote transverse coordinates and

−X̂ ≡ β_{F̂} − α_{0F̂} ^̇T^2 = G^2_0 − G_0Ê^2_2 − Ê^2_1 − G_0(1 + Ê_1θ)^2 ^̇T^2. (3.7)

From the action (3.6), the survived components of the equations of motion are the timecomponent of the conservation of energy-momentum tensor

(1 + Ê_1θ)∂_0 [ T̂_pV̂ √ −X̂ ] = 0, (3.8)

and x- and y-components of gauge field equations are

(1 + Ê_1θ)∂_0 [ T̂_pV̂ √ −X̂ Ê_1 ] = 0, (1 + Ê_1θ)∂_0 [ T̂_pV̂ √ −X̂ G_0Ê_2 ] = 0. (3.9)

Solving the equations (3.8)–(3.9) when 1 + Ê_1θ ≠ 0, we show that the NC electric field Ê is constant and the only nontrivial equation for the NC tachyon reduces to

γ̂ = T̂_pV̂ √ −X̂ = constant. (3.10)

The resultant equation (3.10) is formally the same as Eq. (2.18) under identification, γ̂ ⇔ Ĥ, β_{F̂} ⇔ β̂_p, α̂_{0F̂} ⇔ α_{p0}, and T̂ ⇔ T̂ , so that the spectrum of homogeneous NC rolling tachyons is exactly the same as that in the previous section as given between Eq. (2.18) and Eq. (2.19). Here let us omit displaying the solutions in Eq. (2.19) again. For the NC rolling tachyon solutions, there are constant nonvanishing electric fluxes

Π̂^1 = γ̂Ê_1, Π̂^2 = γ̂G_0Ê_2, (3.11)

which are defined by Π̂^i = δŜ/δÊ_i and signify the existence of F1 string fluid. The corresponding energy-momentum tensor has constant energy density T̂^{00} = γ̂, nonvanishing constant stress along 12-direction T̂^{12} = −^{γ̂}_{G0} Ê_1Ê_2, and zero momentum density T̂^{0i} = 0. On the other hand, all the pressure components are nonvanishing in this reference frame

T̂^{11} = γ̂ G_0 [ −G_0 + Ê^2_2 + (1 + Ê_1θ)^2 ^̇T^2 ] , (3.12)

T̂^{22} = γ̂ G_0 [ −G^2_0 + Ê^2_1 + G_0(1 + Ê_1θ)^2 ^̇T^2 ] , (3.13)

T̂^{ij} = γ̂ G_0 X̂ δ^{ij} , (i, j = 3, 4, · · · , p). (3.14) The functional form of the NC rolling tachyon solutions is the same as that of rolling tachyons in EFT, but their equivalence in the action level is guaranteed only up to the leading NC parameter. Therefore, the comparison of the components of energy-momentum tensor given by responses to small gravitational fluctuations δg_{μν} in NCFT to those in EFT and BCFT can be valid, at most, up to the leading NC parameter. In the analysis of the NC rolling tachyon by the use of different NC tachyon actions [15], all three species of the NC rolling tachyon cannot be obtained as were obtained in the case of NC tachyon kinks [17].

4 Summary

We considered a DBI type NCFT action of a real NC tachyon field T̂ as an EFT describing dynamics of a flat unstable Dp-brane. When the background of constant NSNS two-form field is coupled to the brane, this field is expressed in terms of a constant open string metric and NC parameter. For the general constant open string metric and NC parameter, we showed the existence of all possible homogeneous NC rolling tachyon solutions irrespective of specific shape of the NC tachyon potential V̂ , once V̂ (T̂ = 0) = 1 and V̂ (T̂ = ±∞) = 0 are satisfied. These solutions are classified into two full S-brane solutions, one with T̂ (t = −∞) = ±∞ and T̂ (t = +∞) = ∓∞ and the other with T̂ (t = −∞) = ±∞ and T̂ (t = +∞) = ±∞, and one half S-brane with T̂ (t = −∞) = 0 and T̂ (t = +∞) = ±∞. Under a specific 1/ cosh type NC tachyon potential, they are obtained as exact solutions whose functional forms are hyperbolic sine, hyperbolic cosine, and exponential, respectively, which are classical configurations of a linearized tachyon equation in BCFT. When the energy-momentum tensor and the F1 charge density in NCFT are compared with those in BCFT, pressure and stress components agreed qualitatively but not exactly to those in BCFT for the full S-branes but coincided exactly to those for the half Sbrane. This result seems natural since the 1/ cosh type potential in EFT was derived by considering the fluctuations around half S-brane in open string theory.

The addition of DBI type electromagnetism preserves the structure of NCFT including the covariant derivative of the NC tachyon. However, the allowed configuration of field strengths was constant, and the obtained homogeneous NC rolling tachyons had the same functional form.

Acknowledgements

The authors would like to thank Chong Oh Lee for valuable discussions. This work is the result of research activities (Astrophysical Research Center for the Structure and Evolution of the Cosmos (ARCSEC)) supported by the Korea Science & Engineering Foundation.

References

[1] A. Sen, “Rolling tachyon,” JHEP 0204, 048 (2002) [arXiv:hep-th/0203211];

“Tachyon matter,” JHEP 0207, 065 (2002) [arXiv:hep-th/0203265].

[2] A. Sen, “Field theory of tachyon matter,” Mod. Phys. Lett. A 17, 1797 (2002) [arXiv:hep-th/0204143].

[3] For a review, see A. Sen, “Tachyon dynamics in open string theory,” arXiv:hep-th/0410103.

[4] N. Seiberg and E. Witten, “String theory and noncommutative geometry,” JHEP 9909, 032 (1999) [arXiv:hep-th/9908142].

[5] P. Mukhopadhyay and A. Sen, “Decay of unstable D-branes with electric field,” JHEP 0211, 047 (2002) [arXiv:hep-th/0208142].

[6] G. Gibbons, K. Hashimoto and P. Yi, “Tachyon condensates, Carrollian contraction of Lorentz group, and fundamental strings,” JHEP 0209, 061 (2002) [arXiv:hep-th/0209034].

[7] G. W. Gibbons, K. Hori and P. Yi, “String fluid from unstable D-branes,” Nucl.

Phys. B 596, 136 (2001) [arXiv:hep-th/0009061].

[8] M. Gutperle and A. Strominger, “Spacelike branes,” JHEP 0204, 018 (2002) [arXiv:hep-th/0202210].

[9] A. Maloney, A. Strominger and X. Yin, “S-brane thermodynamics,” JHEP 0310, 048 (2003) [arXiv:hep-th/0302146].

[10] K. Hashimoto, P. M. Ho, S. Nagaoka and J. E. Wang, “Time evolution via S-branes,” Phys. Rev. D 68, 026007 (2003) [arXiv:hep-th/0303172].

[11] S. J. Rey and S. Sugimoto, “Rolling tachyon with electric and magnetic fields: Tduality approach,” Phys. Rev. D 67, 086008 (2003) [arXiv:hep-th/0301049].

[12] C. Kim, H. B. Kim, Y. Kim, O. K. Kwon and C. O. Lee, “Unstable D-branes and string cosmology,” J. Korean Phys. Soc. 45, S181 (2004) [arXiv:hep-th/0404242].

[13] C. Kim, H. B. Kim, Y. Kim and O-K. Kwon, “Electromagnetic string fluid in rolling tachyon,” JHEP 0303, 008 (2003) [arXiv:hep-th/0301076];

[14] C. Kim, Y. Kim, O-K. Kwon and C. O. Lee, “Tachyon kinks on unstable Dp-branes,” JHEP 0311, 034 (2003) [arXiv:hep-th/0305092].

[15] K. Dasgupta, S. Mukhi and G. Rajesh, “Noncommutative tachyons,” JHEP 0006, 022 (2000) [arXiv:hep-th/0005006].

P. Kraus, A. Rajaraman and S. H. Shenker, “Tachyon condensation in noncommutative gauge theory,” Nucl. Phys. B 598, 169 (2001) [arXiv:hep-th/0010016]; R. Gopakumar, S. Minwalla and A. Strominger, “Symmetry restoration and tachyon condensation in open string theory,” JHEP 0104, 018 (2001) [arXiv:hep-th/0007226];

N. Seiberg, “A note on background independence in noncommutative gauge theories, matrix model and tachyon condensation,” JHEP 0009, 003 (2000) [arXiv:hep-th/0008013];

J. A. Harvey and G. W. Moore, “Noncommutative tachyons and K-theory,” J. Math. Phys. 42, 2765 (2001) [arXiv:hep-th/0009030];

A. Sen, “Some issues in non-commutative tachyon condensation,” JHEP 0011, 035 (2000) [arXiv:hep-th/0009038].

[16] R. Banerjee, Y. Kim and O-K. Kwon, “Noncommutative tachyon kinks as D(p - 1)-branes from unstable Dp-brane,” arXiv:hep-th/0407229.

[17] Y. Kim, O. K. Kwon and C. O. Lee, “Domain Walls in Noncommutative Field Theories,” arXiv:hep-th/0411164.

[18] A. Buchel, P. Langfelder and J. Walcher, “Does the tachyon matter?,” Annals Phys.

302, 78 (2002) [arXiv:hep-th/0207235];

[19] D. Kutasov and V. Niarchos, “Tachyon effective actions in open string theory,” Nucl.

Phys. B 666, 56 (2003) [arXiv:hep-th/0304045].

[20] A. Sen, “Open and closed strings from unstable D-branes,” Phys. Rev. D 68, 106003 (2003) [arXiv:hep-th/0305011].

[21] M. Fujita and H. Hata, “Rolling tachyon solution in vacuum string field theory,” Phys. Rev. D 70, 086010 (2004) [arXiv:hep-th/0403031].

[22] J. McGreevy and H. Verlinde, “Strings from tachyons: The c = 1 matrix reloaded,” JHEP 0312, 054 (2003) [arXiv:hep-th/0304224].

[23] R. Banerjee, C. Lee and H. S. Yang, “Seiberg-Witten-type maps for currents and energy-momentum tensors in noncommutative gauge theories,” arXiv:hep-th/0312103.