Received: July 28, 1998, Accepted: August 18, 1998

HYPER VERSION

IIB or not IIB

Mark Srednicki

Department of Physics, University of California, Santa Barbara, CA 93106 E-mail: mark@tpau.physics.ucsb.edu

Abstract: We consider Type IIB superstring theory with the addition of n 9-branes and n anti-9-branes (and no orientifolds). The result is a ten-dimensional chiral theory of open and closed oriented strings with gauge group U(n) × U(n). There is, however, a tachyonic instability which can be understood as the consequence of brane-antibrane annihilation. We therefore expect to recover the usual IIB theory as the tachyon rolls to infinity.

Keywords: D-branes, Superstring Vacua.

Many nonsupersymmetric string theories possess tachyons, and there is a long history of speculation about their consistency (see [1] and references therein). Of course, these theories are unstable against the tachyon rolling over, but perhaps some other string theory is to be found at the bottom of the potential. As weak evidence in favor of this, we can note that all known tachyons have spin zero, and so can be represented as scalar fields at a local maximum of the potential; a tachyon with nonzero spin would be more difficult (though perhaps not impossible [2]) to interpret. Also, tachyonic theories have at least some of the duality properties of their more stable cousins [3].

D-branes (for a review, see [4]) have provided a simple physical interpretation of one class of tachyons: the instability is due to the annihilation of coincident branes and antibranes. Many examples of this phenomenon have been constructed [5, 6, 7, 8, 9, 10], but so far all involve brane-antibrane annihilation as a local event (in at least some of the dimensions). Here we investigate a fully ten-dimensional version: annihilation of 9-branes and anti-9-branes. Our original hope was that this would yield one of the known tachyonic theories [11, 12, 13], but this turns out not to be the case. Instead, we find a previously unknown class of ten-dimensional string theories in which the GSO projection in the open-string sector is correlated with the Chan-Paton factor in such a way as to produce a U(n) × U(n) gauge symmetry. This theory appears to be fully consistent, except of course for the presence of the tachyon. Since the instability can be attributed to the annihilation of 9-branes and anti-9-branes, we expect to find the usual IIB theory as the tachyon rolls to infinity. This scenario fits into the general framework of Sen [10] for the restoration of supersymmetry via tachyon condensation.

We begin with weakly coupled IIB theory (which allows p-branes for odd p), and add n 9-branes and n anti-9-branes, hereafter denoted as 9-branes. We need equal numbers of each so that there is no net RR 10-form charge. (Recall that Type I theory is constructed by adding 32 9-branes and one orientifold to IIB theory, a configuration which also has zero net 10-form charge [14].) We expect the 9-branes to break 16 linear combinations of the 32 supersymmetries, specifically Q_α + μ_9 ~Q_{α̇}, where μ_9 = +1 is the normalized 10-form charge of a single 9-brane. The 9-branes should then break the remaining 16 supersymmetries. The total energy density of the branes and antibranes is

E = 2nτ_9 = 2n (2π)^9gα^{′5}

, (1)

where τ_9 is the 9-brane tension and g ≪ 1 is the closed string coupling. The tendimensional Newton constant is G_{10} ∼ g^2α^{′4}, and so the cosmological constant Λ = G_{10}E ∼ g/α^′ is small in string units.

At tree level, the closed strings are undisturbed, so we have the usual IIB spectrum. The branes lead to four kinds of oriented open strings, which can be labeled by their endpoints as 9-9, 9-9, 9-9, and 9-9; the corresponding Chan-Paton factors are (λ^a)^i_j (λ^a)^i_ȷ (λ^a)^ı_j (λ^a)^ı_ȷ (2) in an obvious notation. We make the usual (−1)^F = +1 GSO projection for the 9-9 and 9-9 strings, leading to massless bosons and fermions with SO(8) chirality 8_v + 8_s in the adjoint representation of U(n) × U(n). We must then distinguish the 9-9 and 9-9 strings in some way which involves a sign flip, and so we make the opposite GSO projection, (−1)^F = −1, for these strings. This leads to a tachyon, and to massless fermions with SO(8) chirality 8_c, in the (n, n) + (n, n) representation of U(n) × U(n).

We can now check the consistency of this theory. All purely gravitational anomalies cancel, because we have added equal numbers of 8_s’s and 8_c’s to the usual IIB massless spectrum. The nonabelian part of the pure gauge anomaly proportional to the single trace Tr F^6 also cancels, because

Tr_{adj} F^{2k} = 2n Tr_n F^{2k} + . . . (3)

for SU(n), where the ellipses stand for products of traces of smaller powers of F , all with coefficients that are independent of n [15]. This is just the relation we need. The remaining anomalies all have a product of at least two traces (or involve U(1) factors), and so can in principle be cancelled by the Green-Schwarz mechanism. Note that there are three RR forms (of rank 0, 2, and 4) present, all of which can participate in this cancellation.

Another possible problem is a sign ambiguity for amplitudes involving a single gravitino vertex operator and an odd number of open string vertex operators with the “wrong” GSO projection, due to square-root branch cuts in the operator product expansion [16]. However, the Chan-Paton factors for these open string states are of the form (λ^a)^i_ȷ and (λ^a)^ı_j, and so we must have an even number of them on any one worldsheet boundary. This eliminates the sign ambiguity.

Note that our theory has gravitinos coupled to matter fields which are not supersymmetric; it is generally believed that such couplings are inconsistent. Here, though, we see a loophole: this theory is properly viewed as an excited state of the standard IIB theory. Excited states never have the full supersymmetry, and here there is none at all, but the massless gravitinos remain.

The tachyon potential (ignoring other fields, and setting α^′ = 1 from here on) is of the general form V (T ) = − 1 2g ∑ n≥1 c_n g^n Tr(T^†T )^n , (4)

where c_1 = +1 and c_2 is known to be positive [6]. As the tachyon rolls over, the gauge symmetry is spontaneously broken, and the gauge bosons get a mass of order g^{1/2}T . The gauginos, on the other hand, couple to the tachyon via a four-point amplitude, and get a mass of order gT^2. When g^{1/2}T ∼ 1, the negative energy density of the tachyon potential is O(1/g), just like the original energy density of the 9-branes, eq. (1).

Note that any expectation value for the tachyon leaves an unbroken diagonal subgroup of at least U(1)^n. The surviving subgroup can in principle be further broken by the expectation values of some other scalar fields, corresponding to massive spin-0 string states which are destabilized by the tachyon expectation value. This can occur when g^{1/2}T ∼ 1. However, there is a U(1) symmetry which apparently remains unbroken: the corresponding charge is the number of 9-branes minus the number of 9-branes, and all perturbative string states are neutral under it. (In this respect it is like the U(1) symmetry of the oriented open bosonic string.) This symmetry can only be broken if some nonperturbative states (black holes?) carry it, and then condense as the tachyon rolls over.

Taking T-duals of this theory leads to various other configurations of coincident branes and antibranes. In particular, dualizing all nine dimensions results in coincident 0-branes and anti-0-branes, leading to a simple physical picture of this system.

What lessons can we draw from this for other tachyonic theories? In the case at hand we have succeeded in adding extra states, including a tachyon, to an otherwise stable string theory. As the tachyon rolls over, these states should all move up to infinite mass, and allow us to recover the original theory (although as we have noted there is a U(1) symmetry whose fate remains a puzzle). If, on the other hand, other tachyonic theories are to turn into known superstring theories as their tachyons roll over, then extra states (such as gravitinos) must appear in the process, presumably by coming down from infinite mass, and so precluding a chiral supergravity at the bottom. Another alternative is that there are new, nonsupersymmetric, stable theories which appear at the bottom of the tachyon potential.

Of course, the tachyonic theories could just be inconsistent after all, but we hope the present example casts some doubt on this disappointing possibility.

Note added in proof: I have learned that the question in the title of this paper was previously asked, in a different context, in the title of [17].

Acknowledgments

I am grateful to Joe Polchinski for many enlightening discussions. This work was supported in part by NSF Grant PHY–22022.

References

[1] T. Banks, Nucl. Phys. B 361 (1991) 166.

[2] V.A. Kostelecky and S. Samuel, Phys. Rev. D 39 (1989) 683.

[3] O. Bergman and M.R. Gaberdiel, Nucl. Phys. B 499 (1997) 183 [hep-th/9701137];

J.D. Blum and K.R. Dienes, Phys. Lett. B 414 (1997) 260 [hep-th/9707148]; Nucl. Phys. B 516 (1998) 83 [hep-th/9707160].

[4] J. Polchinksi, in Fields, Strings, and Duality, TASI 1996, edited by C. Efthimiou and B. Greene, World Scientific, Singapore, 1997 [hep-th/9611050].

[5] M.B. Green, Phys. Lett. B 329 (1994) 435 [hep-th/9403040].

[6] T. Banks and L. Susskind, hep-th/9511194.

[7] M.B. Green and M. Gutperle, Nucl. Phys. B 476 (1996) 484 [hep-th/9604091]. [8] G. Lifschytz, Phys. Lett. B 388 (1996) 720 [hep-th/9604156].

[9] E. Gava, K. S. Narain and M. H. Sarmadi, Nucl. Phys. B 504 (1997) 214 [hep-th/9704006].

[10] A. Sen, JHEP 06 (1998) 007 [hep-th/9805019]; JHEP 08 (1998) 012 [hep-th/9805170].

[11] L. J. Dixon and J. A. Harvey, Nucl. Phys. B 274 (1986) 93. [12] N. Seiberg and E. Witten, Nucl. Phys. B 276 (1986) 272.

[13] L. Alvarez-Gaumé, P. Ginsparg, G. Moore, and C. Vafa, Phys. Lett. B 171 (1986) 155. [14] J. Polchinski, Phys. Rev. Lett. 75 (1995) 4724 [hep-th/9510017]. [15] P. H. Frampton and T. W. Kephart, Phys. Rev. Lett. 50 (1983) 1343; Phys. Lett. B 131 (1983) 80; Phys. Rev. D 28 (1983) 1010.

[16] D. Friedan, E. Martinec, and S. Shenker, Nucl. Phys. B 271 (1986) 93. [17] M. Gunaydin, L. J. Romans, and N. P. Warner, Phys. Lett. B 164 (1985) 309.