arXiv:hep-th/0405265 v1 28 May 2004

USTC-ICTS-04-13 MCTP-04-30 hep-th/0405265

Dynamical brane creation and annihilation via a background flux

Yi-Fei Chen^1 and J. X. Lu^{1,2,3}

1 Interdisciplinary Center for Theoretical Study University of Science and Technology of China, Hefei, Anhui 230026, P. R. China and 2 Interdisciplinary Center of Theoretical Studies Chinese Academy of Sciences, Beijing 100080, China and 3 Michigan Center for Theoretical Physics Randall Laboratory, Department of Physics University of Michigan, Ann Arbor, MI 48109-1120, USA

Abstract

We study the dynamical Myers effect by allowing the fuzzy (or the dynamical dielectric brane) coordinates to be time dependent. We find three novel kinds of the dynamical spherical dielectric branes depending on their respective excess energies. The first represents a dynamical spherical brane carrying a negative excess energy (having a lower bound) with its radius oscillating periodically between two given non-zero values. The second is the one with zero excess energy and whose time dependence can be expressed in terms of a simple function. This particular dynamical spherical configuration represents the dielectric brane creation and/or annihilation like a photon in the presence of a background creating an electron-position pair and then annihilating back to a photon. The third is the one carrying positive excess energy and the radius can also oscillate periodically between two non-zero values but, unlike the first kind, it passes zero twice for each cycle. Each of the above can also be interpreted as the time evolution of a semi-spherical D-brane–anti semi-spherical D-brane system, representing the tachyon creation and/or condensation.

The discovery of static SUSY preserving BPS p-branes in string theory helps establishing various duality relations among different string theories and the eleven dimensional supergravity and leads to the unification of these theories to a big not yet established theory called M-theory. This latter theory is non-perturbative in nature and as such our understanding of it is so far still very limited, in spite of much progress made during the last decade, mainly due to our lack of ability in dealing with non-perturbative phenomenon in general. It is fair to say that the current efforts in string/M theory community are largely still in the stage of theoretical data collection for the M-theory. Any thing non-trivial and going beyond the static BPS configurations and related is in general hard and worth trying. Among these, the studies of D-brane–anti D-brane systems and the related tachyon condensations made by Sen and others stand out[1, 2]. The recent astronomical observation of the accelerating expansion of our universe which leads to a small positive cosmological constant requires also the effort in string/M theory community to study possible dynamical processes which might provide an explanation of this.

We here try to make a small step in this direction by studying the dynamical creation and/or annihilation of a higher dimensional spherical D-brane from lower dimensional seed BPS D-branes via a R-R flux in a given background. This is motivated by the following: Myers studied the creation of a static dielectric brane from neutral objects like D0 branes in the presence of 4-form RR flux, the analog of the static dielectric effect in ordinary electromagnetism. Can such a dynamical brane be created and what are its properties and the corresponding physical effect? We know that a photon with sufficient energy can create an electron-positron pair and then annihilates back to a photon but this requires the presence of a background field to conserve the energy-momentum. Can we realize such an analog in the present case. As we will see, we can indeed do so in addition to many other novel physical effects. This work provides not only a dynamical process of the dielectric brane creation and/or annihilation but also a non-trivial concrete realization of the dynamics of a Dp-brane –anti Dp-brane system, implying the tachyon creation and/or condensation. This work might also provide means for viable cosmological model building.

To make the basic ideas behind the current work clear, we in this paper limit our study on generating a spherical D2 brane from N BPS seed D0-branes via a constant R-R four-form flux. In addition to the R-R flux, we will consider Minkowski flat metric which satisfies the bulk equations of motion to the leading order once certain constraints (mentioned later on) are satisfied for large N. Extending the current work to other branes and other backgrounds will be reported in [3].

Myers made a remarkable observation a while ago[4] that lower dimensional D-branes can couple with higher dimensional D-branes if the non-Abelian effect of these lower dimensional D-branes is taking into consideration. As such, he found that a static charge neutral (but carrying a R-R electric-like dipole moment) spherical D2-brane can be produced from the D0-branes in the presence of a constant R-R 4-form flux background^1. We here try to extend Myers and others’ work and find that Myers static spherical D2-brane is just a special case of a large class of dynamical spherical D2-branes and there are rich dynamical properties associated with them. Actually there are three kinds of these dynamical branes depending on the excess energies above the original D0-branes for which we now discuss one by one in order.

To make things concrete, let us consider first the matrix theory description of N D0 branes in the presence of a constant RR 4-form flux and a flat bulk spacetime with G_{μν} = η_{μν} , B_{μν} = 0, following from[4, 5]. The corresponding Lagrangian up to the order of O(λ^2) is

L = −T_0N +

T_0λ^2 2 T r(Φ̇^i)^2 +

T_0λ^2 4 T r [Φ^i, Φ^j ]^2 + iλ^2T_0 3 T rΦ^iΦ^j Φ^kF_{tijk}. (1)

Here we choose already the static gauge t = σ^0, λ = 2πl^2_s with l_s the string length scale, T_p = 2π/[g_s(2πl_s)^{p+1}] the Dp-brane tension with g_s the string coupling. As in [4], we take F_{tijk} = −2fϵ_{ijk} for i, j, k ∈ {1, 2, 3} 0 otherwise

, (2)

with f carrying dimensions of length^{−1}. The non-trivial part of the equations of motion along 1, 2, 3 directions from the above Lagrangian is Φ̈^i + [[Φ^i, Φ^j ], Φ^j] + 2ifΦ^j Φ^k ϵ_{ijk} = 0, (3)

where we have made use of (2) for F_{tijk}. As in [4], we take Φ^i for i = 1, 2, 3 in the N ×N irreducible representation of SU(2) but instead we are seeking a general dynamical charge neutral (but carrying a time dependent RR dipole moment) spherical D2 brane configuration. In other words, we take Φ^i = u(t)J^i with u(t) a function of time in general and the SU(2) generators J^i satisfying [J^i, J^j] = iϵ_{ijk}J^k. Then the above equations are reduced to a single second order non-linear differential equation

ü − 2fu^2 + 2u^3 = 0. (4)

Similar to the static case discussed in[4], we expect that the above equation can also be derived from the worldvolume action of a single spherical dynamical D2 brane with a

1The magnetic analogue of this was later discussed in [5]. We will postpone the corresponding dynamical analogue in [3].

wordvolume U(1) flux describing N D0 branes F_{θϕ} = N sin θ/2 moving in a flat Minkowski background with the coordinates x^i for i = 1, 2, 3 expressed in spherical polar ones as

ds^2 = −dt^2 + dr^2 + r^2(dθ^2 + sin^2 θdϕ^2) + 9∑ i=4 (dx^i)^2. (5)

In doing so, we also take the static gauge σ^0 = t, σ^1 = θ, σ^2 = ϕ and take the radial coordinate r to be time dependent and x^i (i = 4, · · · , 9) to be constant. We further need to take the motion to be non-relativistic, i.e., ṙ ≪ 1 and r^2 ≪ λN/2 which can indeed be satisfied consistently as we will see later on. Notice also now that F_{trθϕ} = −2fr^2 sin θ → C_{tθϕ} = 2fr^3 sin θ/3. With all these, the equation of motion for r can indeed be reduced to the one for u(t) above if we identify r(t) = λN|u(t)|/2. So r ≪ √ λN/2 implies that u(t) ≪ √ 2/(λN) which further implies f ≪ 1/ √ λN . Let us comment a few things before we proceed. In general, our chosen flat background with a constant RR 4-form flux does not satisfy the bulk equations of motion as mentioned in [4]. The equivalence of the above two descriptions puts constraints on both u(t) and the parameter f. In particular, for large N, both u(t) and f are tiny but the size of the spherical D2 brane can still be large since we need only r ≪ √ λN/2 as pointed out in [4]. The smallness of u(t) makes our ignoring higher order terms in the matrix action justified while that of f implies that the flat background satisfies the bulk equations of motion to the leading order since now the metric correction due to the presence of the 4-form δh_{muν} ≪ 1 as discussed in [5]. We therefore should take large N to validate our following discussion.

Our focus now is equation (4). Integrating it once, we have

u̇^2 = C + 4 3 fu^3 − u^4, (6)

where the integration constant C is proportional to the excess energy (E − T_0N) of the system. u̇ = 0 gives the extremes of the u(t) with respect to time t. Except for C = −f^4/3 corresponding to Myers static solution with u̇ = 0, ü = 0 and u = f, and C = 0 corresponding to a degenerate root u(t) = 0 and the other u(t) = 4f/3, we have in general four roots from this and two of them denoted as a and b with a > b are real and the other two are complex conjugate to each other denoted as c and c̄^2. In addition

2These roots can be expressed in terms of f and C as: a = f[1 + y^{1/2} + (3 + 2/y^{1/2} − y)^{1/2}]/3, b = f[1 + y^{1/2} − (3 + 2y^{−1/2} − 3)^{1/2}]/3, c = f[1 − y^{1/2} − i(y + 2y^{−1/2} − 3)^{1/2}]/3. For −f^4/3 < C < 0, set C = −x/3, we have y = 1 + 3x^{1/3}[(1 − √ 1 − x)^{1/3} + (1 + √ 1 − x)^{1/3}]/2 while for C > 0, set C = x/3, we have y = 1 − 3x^{1/3}[( √ 1 + x + 1)^{1/3} − ( √ 1 + x − 1)^{1/3}]/2. The solution u(t) = [aB + Ab − (aB − Ab) cn ((t − t_0)/g)]/[(A + B) + (A − B) cn((t − t_0)/g)] with A^2 = (a − b_1)^2 + a^2_1, B^2 = (b − b_1)^2 + a^2_1, a^2_1 = −(c − c̄)^2/4, b_1 = (c + c̄)/2, g = 1/ √ AB. Other quantities are defined in the text.

to Myers static solution, we have other three kinds of time depedent solutions depending on the value of the integration constant C.

Case (1): for −f^4/3 < C < 0, the solution (see footnote 2 for detail) cannot be expressed in terms of elementary functions and one has to use Jacobian elliptic function cn[(t − t_0)/g] with 1/g = 2f(2y^2 + 1/y − 3y)^{1/4}. Since the cnx is a periodic function like cos x, taking values also between −1 and 1 with its standard period (the corresponding k^2 = 1/2 + 3(1 − y)/[4(2y^2 + 1/y − 3y)^{1/2}]), therefore u(t) is also a periodic function oscillating between the roots a and b as given in the footnote 2. Note that since both a and b are positive for the present case, u(t) is also positive which implies that the radius of the spherical D2 brane oscillates periodically between the two given values. Myers static brane can be obtained from this one by taking the limit C → −f^4/3. According to [6], a spherical dielectric D2-brane can be viewed as a semi-spherical D2-brane –anti semi-spherical D2-brane system, therefore the appearance of a tachyon mode. We must conclude that if the back-reaction as well as the radiation can be ignored, once the tachyon is created, it can only oscillate periodically but cannot condense out if the system has negative excess energy in the range characterizing by C as given above. How can this happen? We will provide a possible answer for this later on.

Case (2): for C = 0, i.e., the total excess energy is zero, in addition to the trivial solution u(t) = 0, we have the following non-trivial one u(t) = 12f 9 + 4f^2(t − t_0)^2

, (7)

with t_0 the integration constant. We can interpret this solution in two ways depending on whether we take our initial time t = −∞ or t = t_0. If we take −∞ < t < ∞, then at initial and final stages, u(t) = 0, u̇(t) = 0, and ü(t) = 0, therefore we have only N D0 branes there while in-between we have the creation of the dynamical spherical D2-brane. This is the analog of a photon creating an electron-positron pair and then annihilating back to a photon but the current process takes an infinity amount of time and the number of D0 branes is large. Interpreting the spherical D2 as a semi-spherical D2–anti semi-spherical D2 pair and with the 4-form flux switching on, we create this pair whose size increases with time up to t = t_0 where the size reaches its maximum and then decreases to zero at t → ∞. We expect the appearance of tachyon whose effect can be characterized by the |ü| which is zero at t = ±∞ and reaches its maximum at t = t_0 where u̇ = 0. If we choose our initial time at t = t_0, then the pair starts from the largest size and ends with a zero one, and we expect that this represents the tachyon condensation to N D0 branes at the end. We will elaborate more on this later on.

Case (3): for C > 0, i.e., with a positive excess energy, the solution (see footnote 2 for detail) for u(t) has exactly the same form as in case (1) which needs to use the same Jacobian elliptic function. But in this case, the variable y is different as given in footnote 2. The other difference is that now the parameter b < 0. Since u(t) oscillates periodically between a and b, so we expect that u(t) goes through zero twice for each cycle. In other words, assuming initial zero size for the spherical D2 branes (or just N D0 branes) the radius of the D2 brane grows with time, for example, to the maximal size λNa/2, then shrink to zero size again, then grows toward the size λN|b|/2 and finally shrinks back to zero size to finish one cycle. One can also interpret this process as the time evolution of a semi-spherical D2 brane–anti semi-spherical D2 brane with positive excess energy, or the evolution of a tachyon with positive excess energy. One thing is worth pointing out that even though we have BPS D0 branes as a state for the time evolution of the spherical D2 brane, the system does not end there but keep oscillating periodically or in other words, the tachyon does not condense out to end up with N BPS D0 branes. How to understand this? Before we provide possible answer for this and the similar puzzle raised in case (1), we would like to point out one thing about the connection of this solution or the one in case (1) to the one in case (2). Actually, if we take C → 0 from the solution either in case (1) or in case (3), it reduces to either the trivial u(t) = 0 or the non-trivial one given by (7) in case (2). For the former case, the Jacobian elliptic function cn[(t − t_0)/g] = 1 − (t − t_0)^2/(2g^2) while for the latter cn[(t − t_0)/g] = −1 + (t − t_0)^2/(2g^2) where for each case g → ∞ as C → 0 with all the other parameters in the solution also take proper limits.

In each of the above three cases, the excess energy is conserved because we take the system under consideration basically as an isolated one (we ignore radiation and back reaction). Because of this, the system in case (1) has less total energy than that of N D0 branes and therefore the spherical D2 brane cannot shrink its size to zero (or the semi-spherical D2–anti semi-spherical D2 pair cannot annihilate each other or the tachyon cannot condense out) to set down to N D0 branes. Case (2) has zero excess energy which is just the right amount of excess energy for the final state of N BPS D0 branes. Therefore, we must expect that the final state consists of N D0 branes. In case (3), we have a positive excess energy above N BPS D0 banes which has no way to go given our assumption of no interaction with surroundings. Now the spherical D2 branes has enough energy to shrink its size to zero (or the D-brane–anti D=brane pair has enough energy to annihilate each other or the tachyon condenses out) but it cannot stay there because of the positive excess energy.

In practice, the system under consideration has couplings with the bulk and with other branes even though these could be weak for large N and λNf^2 ≪ 1. We therefore have radiation and/or back-reaction for such system. We expect that the case (1) will suck energy from the surroundings to finally reach C = 0 while the case (3) will radiate its excess energy out to the environment to finally set down to C = 0. In other words, the most favorable case is that of C = 0 and the final state is the N BPS D0-branes. This picture is consistent with that of Sen’s for a D-brane–anti D-brane system [7, 2, 8] and was also elaborated in [9] from a different perspective. From Myers consideration of couplings of D-branes with other D-branes and the bulk, we expect that the radiation can be both closed strings and open strings. We would also like to point out that for large N, even with a weak 4-form RR background satisfying λNf^2 ≪ 1, a large dynamical spherical D-brane can still be produced.

If we replace the 4-form RR flux by the flux H_{ijk} as pointed out in [4], we will end up with the same action, therefore the same conclusion can be reached.

We finally give a discussion on the appearance of a tachyon mode for each of the dynamical configurations discussed in the paper. For simplicity and a clear picture, we limit ourselves to the Case (2) dynamical configuration. For this, we denote the timedependent solution as u_0(t) as given in (7). Since u̇_0(t) = 0 at t = t_0 and at t = ±∞ and we also know that at t = ±∞ the D2-brane–anti D2-brane pair disappears and we have only BPS D0 branes while at t = t_0, we have only this pair. So from our experience, we expect that t = t_0 corresponds to the non-supersymmetric open string vacuum while t = ±∞ correspond to the closed string vacua. We therefore expect a tachyon mode around t = t_0 and a massless mode around t = ±∞. In the following, we show this to be true by calculating the mass squared quantity for the fluctuation with respect to the time dependent configuration, i.e., by setting u(t) = u_0(t) + δu(t). We calculate the mass squared either from the Lagrangian with Φ^i = u(t)J^i (i = 1, 2, 3) or from the equation (4). We have m^2(t) = −6 u_0(t) ( u_0(t) − 2f 3 ) . (8)

From (7), we see that m^2(t = t_0) = −16f^2/3 < 0, therefore indeed representing a tachyon mode, while at t = ±∞, m^2(t) = 0, the appearance of a massless mode as expected.

Note added: Just about submitting the present work to arXiv, we received a preprint [10] in which a different time dependent D2 brane solution is discussed.

Acknowledgements

We acknowledge support by grants from the Chinese Academy of Sciences and the grants from the NSF of China with Grant No:10245001, 90303002.

References

[1] A. Sen, “Non-BPS states and branes in string theory”, hep-th/9904207. [2] A. Sen, “Tachyon condensation on the brane-antibrane system”, JHEP 08 (1998) 012, [hep-th/9805170].

[3] Y.-F. Chen, J. X. Lu and S. Roy (in preparation).

[4] R. C. Myers, “Dielectric branes”, JHEP 9912 (1999) 022, [hep-th/9910053]. [5] S. R. Das, S. P. Trivedi and S. Vaidya, “Magnetic moments of branes and giant gravitons”, JHEP 0010 (2000) 037, [hep-th/0008203].

[6] M. T. Grisaru, R. C. Myers and O. Tafjord, “SUSY and Goliath”, JHEP 0008 (2000) 040, [hep-th/0008015].

[7] A. Sen, “Stable non-BPS bound states of BPS D-branes”, JHEP 9808 (1998) 010, [hep-th/9805019].

[8] A. Sen, “SO(32) spinors of Type I and other solitons on brane-antibrane pair”, JHEP 9809 (1998) 023, [hep-th/9808141].

[9] P. Yi, “Membranes from five-branes and fundamental strings from Dp branes”, Nucl.Phys. B550 (1999) 214, [hep-th/9901159].

[10] S. Ramgoolam, B. Spence and S. Thomas, “Resolving brane collapse with 1/N corrections in non-abelian DBI”, [hep-th/0405256].