Pis’ma v ZhETF, vol. 105, iss. 1, pp. 53 – 54 © 2017 January 10

Non-Abelian vortex in four dimensions as a critical Superstring

M. Shifman^a, A. Yung^{a,b,c1)}

aWilliam I. Fine Theoretical Physics Institute, University of Minnesota, Minneapolis, MN 55455, USA

bNational Research Center “Kurchatov Institute”, Petersburg Nuclear Physics Institute, Gatchina, 188300 St. Petersburg, Russia

cSt. Petersburg State University, 199034 St. Petersburg, Russia

Submitted 2 November 2016

DOI: 10.7868/S0370274X17010131

In this paper we review the recent discovery of non-Abelian solitonic vortices [1–4] supported in certain four-dimensional N = 2 supersymmetric Yang– Milles theory with matter which behave as critical tendimensional superstrings.

In QCD, the Regge trajectories show almost perfect linear J behavior (J stands for spin). However, in all controllable examples at weak coupling a solitonic confining string exhibits linear behavior for the Regge trajectories only at asymptotically large spins [5, 6]. The reason for this is that at J ∼ 1 the physical “string” becomes short and thick and cannot yield linear Regge behavior. Linear Regge trajectories at J ∼ 1 have a chance to emerge only if the string at hand satisfies the thin-string condition [7],

T ≪ m^2, (1)

where T is the string tension and m is a typical mass scale of the bulk fields forming the string. The former parameter determines the string length, while the latter determines the string thickness. At weak coupling g^2 ≪ 1, where g^2 is the bulk coupling constant, we have m ∼ g √ T . The thin-string condition (1) is therefore badly broken.

For the majority of solitonic strings in four dimensions, such as the Abrikosov–Nielsen–Olesen (ANO) vortices [8], the low-energy two-dimensional effective theory on the string world sheet – the Nambu–Goto theory – is not ultraviolet (UV) complete. To make the world sheet theory fully defined one has to take into account higher derivative corrections [9]. Higher derivative terms run in inverse powers of m and blow up in UV making the string worldsheet “crumpled” [10]. The blow up of higher derivative terms in the worldsheet theory corresponds to the occurrence of a thick and short “string”.

The question weather one can find an example of a solitonic string which might produce linear Regge tra-

1)e-mail: yung@thd.pnpi.spb.ru

jectories at J ∼ 1 was addressed and answered in [7]. Such a string should satisfy the thin-string condition (1). This condition means that higher derivative correction are parametrically small and can be ignored. If so, the low-energy world-sheet theory must be UV complete. This implies the following necessary conditions:

(i) The low-energy world-sheet theory must be conformally invariant;

(ii) The theory must have the critical value of the Virasoro central charge.

As well-known, these conditions are satisfied by fundamental (super)string in 10D.

In [7] it was shown that (i) and (ii) above are met by the non-Abelian vortex string [1–4] supported in four-dimensional N = 2 supersymmetric QCD with the U(N) gauge group, N_f = 2N matter hypermultiplets and the Fayet-Iliopoulos (FI) parameter ξ [11]. The non- Abelian part of the gauge group has the vanishing β function. (We will need to consider N = 2.)

The non-Abelian vortex string is 1/2 BPS saturated and, therefore, has N = (2, 2) supersymmetry on its worldsheet. In addition to translational moduli characteristic of the ANO strings, the non-Abelian string carries orientational moduli, as well as size moduli provided that N_f > N [1–4], see [12–15] for reviews. Their dynamics is described by two-dimensional sigma model with the target space

O(−1)^{⊕(Nf −N)}

CP^1 , (2)

to which we will refer as WCP(N, N_f − N) model. For N_f = 2N the model becomes conformal and condition (i) above is satisfied. Moreover for N = 2 the dimension of orientational/size moduli space is six and they can be combined with four translational moduli to form a ten-dimensional space required for critical superstrings. Thus the second condition is also satisfied [7]. For N = 2 the sigma model target space is a six-dimensional noncompact Calabi–Yau manifold Y_6, namely, the resolved conifold.

Письма в ЖЭТФ том 105 вып. 1 – 2 2017 53

54 M. Shifman, A. Yung

Given that the necessary conditions are met, a hypothesis was put forward [7] that this non-Abelian vortex string does satisfy thin-string condition (1) at strong coupling regime in the vicinity of a critical value of g^2_c ∼ 1. This implies that m(g^2) → ∞ at g^2 → g^2_c .

The vortices in the U(N) theories under consideration are topologically stable, therefore the finite length strings are closed. Thus, we focus on the closed strings emerging from four dimensions. The goal is to identify closed string states with hadrons of the four-dimensional bulk theory. The first step of this program, namely the identification of massless string states was performed in [16, 17].

In particular, we identified a single matter hypermultiplet associated with the deformation of the complex structure of the conifold as the only 4D massless mode of the string. Other states arising from the ten-dimensional graviton are not dynamical in four dimensions. In particular, 4D graviton and unwanted vector multiplets are absent. This is due to non-compactness of the Calabi– Yau manifold we deal with and non-normalizability of the corresponding modes.

It was also discussed how the states seen in the bulk theory at weak coupling are related to what we obtain from the string theory at strong coupling. In particular the hypermultiplet associated with the deformation of the complex structure of the conifold is interpreted as a monopole-monopole baryon [16, 17].

We are very grateful to Igor Klebanov and Cumrum Vafa for very useful correspondence and insights, and to Nathan Berkovits, Alexander Gorsky, David Gross, Zohar Komargodski, Peter Koroteev, Andrei Mikhailov and Shimon Yankielowicz for helpful comments.

The work of M.S. is supported in part by DOE grant DE-SC0011842. The work of A.Y. was supported by William I. Fine Theoretical Physics Institute, University of Minnesota, by Russian Foundation for Basic Research Grant # 13-02-00042a and by Russian State Grant for Scientific Schools RSGSS-657512010.2.

The work of A.Y. was supported by the Russian Scientific Foundation Grant # 14-22-00281.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364017010040

1. A. Hanany and D. Tong, JHEP 0307, 037 (2003). 2. R. Auzzi, S. Bolognesi, J. Evslin, K. Konishi, and A. Yung, Nucl. Phys. B 673, 187 (2003).

3. M. Shifman and A. Yung, Phys. Rev. D 70, 045004 (2004).

4. A. Hanany and D. Tong, JHEP 0404, 066 (2004). 5. A. Yung, hep-th/0005088, in At the Frontier of Particle Physics, ed. M. Shifman, World Scientific, Singapore (2001), v. 3, p. 1827.

6. M. Shifman, Highly excited hadrons in QCD and beyond, in Quark-hadron duality and the transition to pQCD, ed. by A. Fantoni et al., World Scientific, Singapore (2006), p. 171.

7. M. Shifman and A. Yung, Phys. Lett. B 750, 416 (2015) [arXiv:1502.00683 [hep-th]].

8. A. Abrikosov, Sov. Phys. JETP 32, 1442 (1957);

H. Nielsen and P. Olesen, Nucl. Phys. B 61, 45 (1973). [Reprinted in Solitons and Particles, ed. by C. Rebbi and G. Soliani, World Scientific, Singapore (1984), p. 365].

9. J. Polchinski and A. Strominger, Phys. Rev. Lett. 67, 1681 (1991).

10. A. Polyakov, Nucl. Phys. 286, 406 (1986). 11. P. Fayet and J. Iliopoulos, Phys. Lett. B 51, 461 (1974). 12. D. Tong, TASI Lectures on Solitons, arXiv:hepth/0509216.

13. M. Eto, Y. Isozumi, M. Nitta, K. Ohashi, and N. Sakai, J. Phys. A 39, R315 (2006).

14. M. Shifman and A. Yung, Rev. Mod. Phys. 79 1139 (2007) 15. D. Tong, Annals Phys. 324, 30 (2009).

16. P. Koroteev, M. Shifman, and A. Yung, Phys. Lett. B 759, 154 (2016).

17. P. Koroteev, M. Shifman, and A. Yung, Phys. Rev. D 94, 065002 (2016).

Письма в ЖЭТФ том 105 вып. 1 – 2 2017