arXiv:hep-lat/0509019 v1 8 Sep 2005

Large N

Michael Teper^∗ University of Oxford

E-mail: m.teper1@physics.oxford.ac.uk

Some mysterious features of the strong interactions become easily understood if our usual QCD with N = 3 is ‘close to’ SU(∞) and if the latter theory is confining. N = ∞ theories are theoretically simpler; in particular there has been much progress in constructing weak-coupling duals in string theory. In this poster I will describe some of the things that recent lattice calculations tell us about the large-N limit of SU(N) gauge theories in 3+1 dimensions. The focus is on confinement, how close SU(∞) is to SU(3), new stable strings at larger N, the Pomeron, deconfinement, topology, ’t Hooft string tensions. I also allude to other topics, such as the high-T pressure deficit, chiral physics and the phases of the theory.

XXIIIrd International Symposium on Lattice Field Theory 25-30 July 2005 Trinity College, Dublin, Ireland

∗Speaker.

© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/

1. Some lattice results

These calculations mostly proceed by looking at SU(2), SU(3), SU(4), SU(5), .... and seeing if one can extrapolate to N = ∞ using the expected O(1/N^2) correction.

1.1 N = 3 is close to N = ∞

The fact that for many quantities SU(3) ≃ SU(∞) is demonstrated, for example, by calculations of the lightest glueball masses [1], as in Fig. 1.

0 1 2 3 4 5 6 7 8

0 0.05 0.1 0.15 0.2 0.25 m_G√ σ

1/N^2

Figure 1: The lightest 0^{++}, •, and 2^{++}, ∘, glueball masses expressed in units of the string tension, in the continuum limit, plotted against 1/N^2. Dotted lines are extrapolations to N = ∞.

1.2 Linear confinement in SU(6) and Lüscher correction

Linear confinement at large N is demonstrated [2] for SU(6) in Fig. 2. In Fig. 1 we see that the string tension remains finite in the N = ∞ limit in units of the mass gap. So the N = ∞ theory is indeed linearly confining.

A local fit to the leading string correction, as in Fig. 3, provides good evidence that the longdistance behaviour is that of a simple bosonic string [2].

1.3 ‘t Hooft coupling, λ ≡ g^2N, fixed for N → ∞

We also see [3] in Fig. 4 that for a smooth large-N limit we need to keep λ (a) = g^2(a)N fixed (at fixed a √ σ) as expected from diagrams.

1.4 Pomeron is leading glueball Regge trajectory

Using novel techniques to calculate masses of high spin glueballs, one can obtain some solid evidence, as in Fig. 5, for the fact that the Pomeron is the leading glueball Regge trajectory [4]. This is for SU(3), and is a step towards N = ∞ where mixing and decay ambiguities disappear.

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

4 6 8 10 12 14 16 18 20 22 24

am(l)

l Figure 2: The masses of the lightest, •, and first excited, ∘, k = 1 flux loops that wind around a spatial torus of length l in the SU(6) calculation at β = 25.05. The dotted lines are the predictions of the Nambu-Goto string action.

0 0.5 1 1.5 2 2.5 3 3.5

4 6 8 10 12 14 16 18 20 22 24

c_{e f f}

l Figure 3: am(l) = a^2σl − c_{e f f}^π_3^1_l

4.5 5 5.5 6

0.1 0.2 0.3 0.4

λ_I(a)

a √ σ

+ + + + + +

⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆

□ □□ □ □ □

Figure 4: The value of the ‘t Hooft coupling on the scale a, as obtained from mean-field improved β , for N = 2(∘), 3(□), 4(⋆), 6(+),8(•), plotted against the values of a expressed in physical units.

0 1 2 3 4 5 6

0 2 4 6 8 10 12 14 16 18 20

J

m^2 2πσ Figure 5: Chew-Frautschi plot of PC = ++ states in the continuum SU(3) gauge theory. The leading Regge trajectory is shown.

0 500 1000

1500

2000

2500

3000

0 1 2 3 4 5 6 7 8 9 10 11 12

D(ρ)

ρ ×× × × ×× × × ×× ×××××

Figure 6: The ‘instanton’ size density, D(ρ), for N = 3(•), 6(×), 12(∘) at a ≃ 1/4.5T_c.

1.5 Topology

The instanton size distribution seems to head to D(ρ)^{N→∞}−→ δ (ρ − ρ_c) [5, 6] as in Fig. 6. Also:

• topological susceptibility at N → ∞: [7, 8] • no topological fluctuations at T > T_c at large N: [6, 9] • evidence for interlacing θ-vacua: [7] • evidence that topology drives chiral symmetry breaking: [10]

1.6 Deconfinement

T_c rapidly converges to its large-N limit, as in Fig. 7, becoming more strongly first order as we see from the latent heat plot in [3, 6, 11].

1.7 k-strings

New stable confining strings appear at larger N [1, 14, 15, 12, 13] and their ratios, as listed in Table 1 from [1], can be compared to the Casimir Scaling and MQCD-inspired conjectures.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0 0.05 0.1 0.15 0.2 0.25 0.3

T_c√ σ

1/N^2

Figure 7: The deconfining temperature in units of the string tension for various SU(N) gauge theories. Large N extrapolation shown. σ_k/σ (N,k) Casimir scaling this paper ‘MQCD’ (4,2) 1.333 1.370(20) 1.414 (4,2) 1.333 1.358(33) 1.414 (6,2) 1.600 1.675(31) 1.732 (6,3) 1.800 1.886(61) 2.000 (8,2) 1.714 1.779(51) 1.848 (8,3) 2.143 2.38(10) 2.414 (8,4) 2.286 2.69(17) 2.613

Table 1: Predictions of ‘Casimir Scaling’ and ‘MQCD’ compared against calculated values of the ratio of the tension of the lightest k-string to that of the fundamental (k = 1) string. The second SU(4) calculation is on anisotropic lattices.

1.8 .... and more ....

Pressure deficit above T_c at large N [16]. Hunting the Hagedorn phase transition [17]. Large-N phases [18, 19]. ’t Hooft string tensions [20, 21]. D=2+1 deconfinement at all N [22]. Space-time reduction at large N [19]. Chiral symmetry and quark masses at large N [23] ... Mesons and baryons at large N ... N = 1 SUSY at N = ∞ ....

References

[1] B. Lucini, M. Teper and U. Wenger, Glueballs and k-strings in SU(N) gauge theories : calculations with improved operators, JHEP 0406 (2004) 012 [hep-lat/0404008].

[2] H. Meyer and M. Teper, Confinement and the effective string theory in SU(N → ∞) : a lattice study, JHEP 0412 (2004) 031 [hep-lat/0411039].

[3] B. Lucini, M. Teper and U. Wenger, Properties of the deconfining phase transition in SU(N) gauge theories, JHEP 0502 (2005) 033 [hep-lat/0502003].

[4] H. Meyer and M. Teper, Glueball Regge trajectories and the Pomeron – a lattice study, Phys. Lett.

B605 (2005) 344 [hep-ph/0409183]. [5] M. Teper, in preparation [6] B. Lucini, M. Teper and U. Wenger, Topology of SU(N) gauge theories at T ≃ 0 and T ≃ T_c, Nucl.

Phys. B715 (2005) 461 [hep-lat/0401028].

[7] L. Del Debbio, H. Panagopoulos, E. Vicari, Theta dependence of SU(N) gauge theories, JHEP 0208 (2002) 044 [hep-th/0204125].

[8] B. Lucini and M. Teper, SU(N) gauge theories in four dimensions: exploring the approach to N = ∞, JHEP 0106 (2001) 050 [hep-lat/0103027].

[9] L. Del Debbio, H. Panagopoulos, E. Vicari, Topological susceptibility of SU(N) gauge theories at finite temperature, JHEP 0409 (2004) 028 [hep-th/0407068].

[10] N. Cundy, M. Teper and U. Wenger, Chiral symmetry breaking and topology for all N, hep-lat/0309011.

[11] B. Lucini, M. Teper and U. Wenger, The high temperature phase transition in SU(N) gauge theories, JHEP 0401 (2004) 061 [hep-lat/0307017].

[12] L. Del Debbio, H. Panagopoulos, P. Rossi and E. Vicari, Spectrum of confining strings in SU(N) gauge theories, JHEP 0201 (2002) 009 [hep-th/0111090].

[13] L. Del Debbio, H. Panagopoulos, P. Rossi and E. Vicari, k-string tensions in SU(N) gauge theories, Phys. Rev. D65 (2002) 021501 [hep-th/0106185].

[14] B. Lucini and M. Teper, The k=2 string tension in four dimensional SU(N) gauge theories, Phys. Lett.

B501 (2001) 128 [hep-lat//0012025].

[15] B. Lucini and M. Teper, Confining strings in SU(N) gauge theories, Phys. Rev. D64 (2001) 105019 [hep-lat/0107007].

[16] B. Bringoltz and M. Teper, The pressure of the SU(N) lattice gauge theory at large-N, hep-lat/0506034.

[17] B. Bringoltz and M. Teper, In search of a Hagedorn transition in SU(N) lattice gauge theories at large-N, hep-lat/0508021.

[18] R. Narayanan and H. Neuberger, Phases of planar QCD on the torus, hep-lat/0509014. [19] H. Vairinhos, these Proceedings.

[20] F. Bursa and M. Teper, Casimir scaling of domain wall tensions in the deconfined phase of D=3+1 SU(N) gauge theories, JHEP 08 (2005) 060 [hep-lat/0505025].

[21] B. Lucini, Ph de Forcrand and M. Vettorazzo, Measuring interface tensions in 4d SU(N) lattice gauge theories, hep-lat/0409148.

[22] J. Liddle, these Proceedings.

[23] R. Narayanan and H. Neuberger, Lattice Chirality and its uses at large N, hep-lat/0508035.

R. Narayanan and H. Neuberger, The quark mass dependence of the pion mass at infinite N, Phys. Lett. B616 (2005) 76 [hep-lat/0503033].

256 / 6