arXiv:hep-th/0208191 v1 26 Aug 2002

hep-th/0208191

Vortices under S-duality

John H. Brodie

Perimeter Institute Waterloo, ON jbrodie@perimeterinstitute.ca

Abstract We investigate a system of 1,3, and 7-branes in type IIB string theory. We identify the 1-brane with the vortex of the Abelian Higgs model. We claim that in the S-dual, the theory on the 3-brane confines electric flux which we identify with the fundamental string and that the dual photon has a mass . We then investigate ways of breaking supersymmetry in the brane set up.

August 2002

1. Introduction.

Confinement in QCD is a mysterious phenomenon. Despite years of effort analytically and on the lattice there is still no proof that QCD confines. There are many heuristic arguments that QCD aw well as pure Yang-Mills theory do confine. One argument is that at large N the Wilson loop becomes a string world sheet [1]. Another argument relies on analogies with superconductivity. There the electric photon gets a mass confining magnetic charge. In QCD the dual photon or gluons supposedly gets a mass confining electric charge. Although the duality works for abelian theories generalizing it to non-Abelian theories has been difficult. In 1994 Seiberg and Witten [2] showed that certain supersymmetric theories confine in the IR. The point of this paper is to consider a D-brane construction whose low energy limit is the Abelian-Higgs model. By turning on a FI-term, we can have vortex solitons. D1-branes play the role of the magnetic vortices. Since the brane set-up is in type IIB we can S-dualize the brane configuration. D1-strings become F1-strings. The dual theory is electrically confining and posses electric vortices, the F1-strings.

2. Abelian Higgs model

Consider the Abelian Higgs model. This is a U(1) gauge theory coupled to a charged scalar field. In supersymmetric language the Abelian gauge field gets a mass by eating the hypermultiplet. The hypers get a vev from a D-term. In superspace notation the action is L = ∫ d^2θ 1 g^2

W^2_α + ∫ d^4θQ†e^V Q + Q̃†e^{−V} Q̃ − ξV (2.1) In components the bosonic part of this action is L = 1 g^2

F^2 + D_μq^∗D^μq + (|q|^2 − |q̃|^2 − ξ)^2 (2.2) This model has BPS vortex solutions. The mass of a vortex in three dimension or the tension of a string in four dimensions goes as the Higgs vacuum expectation value ξ divided by the gauge theory coupling constant.

M^2_v = ξ/g^2 (2.3) Supersymmetry breaking can be achieved by giving a mass to the gauginos at tree level. This mass can be made of order the mass of the Higgs field without destabilizing the Higgs potential. In this way the problem of stability is similar to that of the standard model with supersymmetry being the cure.

3. brane set up

Fig. 1: We consider the T-dual of this system. Here we see a D6-brane tilted with a D4-brane splitting on it. The horizontal direction is compact. The thick line is the D2-brane that connects the two ends of D4-brane. The D2-brane has the interpretation as a vortex in 3+1 dimensions.

The Abelian Higgs model can be realized in string theory as a 3-brane in directions 123 parallel to a 7brane in directions 1234567. The FI term is proportional to NS-NS B field in the 4567 direction. A 1brane can then be bound to the 3 brane if a B field is turned on in the 2345. This is easiest to understand in a T-dual picture of 4-branes and 6branes perpendicular [3]. The B-field in the 67 direction along the D7-brane under T-duality becomes proportional to the angle of rotation of the D6-brane [4]. The B-field in the 45 direction becomes rotation of the 4-brane after it splits on the 6-brane. Now there is in the T-dual picture a 2-brane which is parallel to the 4-brane. However, the 4-brane has now rotated and split on the rotated 6-brane to decrease its length. The 2-brane can now split on the 4-brane in the same way that the 4-brane split on the 6-brane. In the 4+1 theory the 2-brane is a magnetic string dipole. As for magnetic particle dipoles the region between the positive and negative monopoles is a solenoid. The effect is the same here but in one dimension higher. The interpretation of the splitting of the 2brane on the 4-brane for the 1+1 theory living on the compactified 2-brane world volume is the same as it was for the splitting of the D4-branes on the D6-brane: the Abelian gauge field in 1+1 has Higgsed. The tilt of the 2-brane now in the 67-plane corresponds under T-duality to 3-brane charge in 0167. This can be interpreted as B field in the 2345 direction.

The system of 1-3-7 branes in IIB is S dual to a 3brane bound to a non perturbative 7brane with RR B field turned on. This theory is the magnetic dual of the Abelian Higgs model. In this theory the magnetic photon gets a mass proportional to the Higgs vev divided by the gauge theory coupling constant, confining electric charge. The electric confinement produces electric vortices. Indeed the D1brane under S duality becomes a fundamental string with tension proportional to the Higgs vev. These fundamental strings do not spread out in the 3brane but remain confined strings of electric flux. This should be of no surprise since this brane configuration corresponds to the low energy limit of N = 2 Sp(1) theory . The O7-plane splits up into two non-perturbative D7-branes corresponding to the monopole point and the dyon point of [2]. Here we are considering Higgsing along the monopole point.

Supersymmetry breaking can be implemented in the S dual picture by a fractional brane orbifold [5]. As was said the supersymmetry breaking scale cannot be much greater than the higgs mass. In this case the dual photon mass is much higher than the Higgs mass since its mass comes with a gauge coupling constant squared in its denominator. However, the string tension is proportional to the Higgs mass and not the dual photon mass. Therefore the supersymmetry breaking scale cannot be much larger than the confinement scale.

4. 2+1 vortices with less supersymmetry

One can also consider D7-branes along directions 1234568, D5-branes along 12347, D3’s along 127, and D1-branes along the 7-direction. By rotating the D7-brane the D5 splits on the D7brane, then the D3-brane splits on the D5, while the D1-brane splits on the D3-brane. Now T-dual this configuration. The D7-brane becomes an 8-brane with flux turned on B_{78}. The D5-brane becomes a D4-brane in 1234 with flux turned on in 56. The flux B_{78}B_{56} corresponds to the D-term in the field theory. Then T-dual of the 3-brane becomes a 2-brane 12 with flux turned on in 3456. The 1-brane then becomes a 0-brane with flux turned on in 123456. The low energy effective theory now is a 2+1 gauge theory with vortices.

5. Acknowledgements

We would like to thank E. Poppitz, M. Strassler, and D. Tong for helpful discussions.

References

[1] G. ’t Hooft, Nucl. Phys. B75461(1974) [2] N. Seiberg and E. Witten, “Electric - magnetic duality, monopole condensation, and confinement in N=2 supersymmetric Yang-Mills theory,” Nucl. Phys. B 426, 19 (1994) [Erratum-ibid. B 430, 485 (1994)] [arXiv:hep-th/9407087].

[3] A. Giveon and D. Kutasov, “Brane dynamics and gauge theory,” Rev. Mod. Phys. 71, 983 (1999) [arXiv:hep-th/9802067].

[4] J. H. Brodie, arXiv:hep-th/0101115.

[5] A. Karch, D. Lust and D. J. Smith, “Equivalence of geometric engineering and Hanany- Witten via fractional branes,” Nucl. Phys. B 533, 348 (1998) [arXiv:hep-th/9803232].