Pis’ma v ZhETF, vol. 74, iss. 9, pp. 508 { 510 cfl 2001 November 10

Anatomy of Isolated Monopole in Abelian Projection of SU(2) Lattice Gauge Theory

V. A. Belavin, M. I. Polikarpov, A. I. Veselov

Institute of Theoretical and Experimental Physics, 117259 Moscow, Russia

Submitted 4 October 2001

We study the structure of the isolated static monopoles in the maximal Abelian projection of SU(2) lattice gluodynamics. Our estimation of the monopole radius is: R^{mon} ß 0.06 fm.

PACS: 11.15.-q, 12.38.-t

1. The monopole confinement mechanism in SU(2) lattice gauge theory is confirmed by many numerical calculations (see e.g. reviews [1]). In the maximal Abelian projection monopole currents form one big cluster and several small clusters. The big cluster, infrared (IR) cluster, percolates and has a nontrivial fractal dimension, D_f > 1 [2]. The properties of small, ultraviolet (UV), clusters differs much from those of the IR cluster, it can be shown that the IR monopole cluster is responsible for the confinement of quarks [3]. As it was shown in the recent publication [4] the structure of IR and UV monopoles is completely different, and monopoles in IR clusters are condensed due to their special anatomy. In this publication we study the structure of Abelian monopoles in SU(2) lattice gauge theory in a different way than it was done in ref. [4]. We study the structure of the isolated monopoles, the results show that nontrivial monopole anatomy plays crucial role in the confinement phenomenon.

2. The plaquette action of the compact electrodynamics (cQED),

S^P_{cQED} = β_{U(1)} cos θ_P , (1)

is close to the action of SU(2) lattice gauge theory in the maximal Abelian projection at small values of the bare charge g (in the continuum limit of gluodynamics). The proof is as follows. By definition the maximal Abelian projection corresponds to the maximization of the functional R with respect to all gauge transformations Ω:

max_Ω R[U^Ω_l ], U^Ω_l = Ω^+U_lΩ,

R[U_l] = X l T r[σ_3U^+_l σ_3U_l] = X l cos 2φ_l, (2)

here we use the standard parametrization of the link matrix, U_{l,11} = U�_{l,22} = cos φ_le^{iθl} , U_{l,12} = U�_{l,21} = = sin φ_le�^{iχl} . Thus, the maximization of R, eq.(2), corresponds to the maximization of the modules of the diagonal elements U_{l,11}, U_{l,22}. The SU(2) plaquette action is S^P_{SU(2)} = β ·^1_2 Tr U_P = β cos θ_l cos φ_l, and at large values of β in the maximal Abelian projection cos φ_l is close to unity (due to (2)), φ_l is small and SU(2) plaquette action has the form:

S^P_{SU(2)} =

= β [cos θ_P cos φ_1 cos φ_2 cos φ_3 cos φ_4 + O(sin φ_l)] . (3)

3. The larger value of β, the smaller sin φ_l, and S^P_{SU(2)} (3) coincides with S^P_{cQED} (1) in the limit β → ∞. On the other hand at small values of the bare charge (at large values of β_{U(1)}) the compact electrodynamics is in the deconfinement phase, and gluodynamics is in the confinement phase; on the other hand the actions of both theories are close to each other. The explanation of this paradox was given in Refs. [5, 4], it was shown that the action of the non-diagonal gluons, S^{off} , on the plaquettes near the monopole from IR clusters is negative, and the full non-Abelian action, S^{SU(2)} = S^{off} +S^{Abel}, is smaller than the Abelian part of the action. The standard qualitative proof of the existence of the deconfinement phase transition in cQED is the representation of the partition function as the sum over the monopole trajectories of length L: Z = X_{L exp{−βLc}(7)L, (4)} here c is the action of the unit length of the monopole trajectory, 7^L is the entropy of the line of the length L drawn on 4D hypercubic lattice. It is clear that at β = β_c ≡ ln 7/c there exists the phase transition in the sum (4). This phase transition is absent in lattice gluodynamics since in this case the monopoles have nontrivial structure and the action of the unit of monopole trajectory in lattice units depends on β: c = c(β) the sum (4) is always divergent, the monopoles are condensed and form the percolating cluster. The monopole

508 Ŕĺśĳňă ć ĘİŠŤ šőň 74 ćżŕ. 9 { 10 2001

Anatomy of Isolated Monopole in Abelian Projection . . . 509

condensation was proven in gluodynamics by several independent calculations [6].

4. In ref. [4] the average nonabelian action on the plaquettes near the monopole trajectory in IR clusters has been measured. Since the lattice spacing a depends on β the calculations at various β correspond to the measurement of the field strength at various distances, a(β)/2, from the monopole center. Below we present the results of another measurement, we calculate the average field strength on the plaquettes closest to the monopole center for monopoles which satisfy the following two conditions:

(i) the link with the monopole current has the same direction as the previous and subsequent monopole current links;

(ii) there are no other monopoles at the distance less than 2a from the considered monopole, except of monopoles discussed at point (i).

Thus we study “static” and “standing along monopoles”, we call such monopoles as isolated monopoles. The results of the calculations are shown on Figure where we plot the dependence of S^i_{SU(2)} = 6β ·^1_2 (< TrU^{imon}_P > − < TrU_P >), on a/2; U^{imon}_P are the plaquette matrices corresponding to plaquettes closest to the isolated monopole,

The dependence of S^i_{SU(2)} (stars) and S^{all}_{SU(2)} (squares) on a/2. The dashed line corresponds to S = ln 7

the normalization of S^i_{SU(2)} is such that it exactly corresponds to the action of the unit length of the monopole trajectory. If S^i_{SU(2)} < ln 7 the isolated monopoles are condensed (see the discussion of the partition function (4)). On Figure we also show the quantity S^{all}_{SU(2)} = 6β ·^1_2 (< TrU^{allmon}_P > − < TrU_P >), here U^{allmon}

P is the matrix corresponding to plaquettes closest to all monopoles (isolated and not isolated).

The main conclusion from Figure is that the action of isolated monopoles decreases when we approach the monopole center, and that these monopoles are condensed. Our numerical results also show that the abelian part of the action of the isolated monopoles increases when we approach the monopole center. Thus the contribution of nondiagonal gluons to nonabelian action of monopole is negative, and just due to that these monopoles differs from monopoles in cQED and are condensed at any value of β.

5. Following ref. [4] we can estimate the radius of the isolated monopole, R_m, as the point of the maximal derivative of the function S^i_{SU(2)}(a/2), we thus get: R_m ≈ 0.065 fm. Note that other dimensional numbers which characterize the gluodynamic vacuum are an order of magnitude larger. For example, the average intermonopole distance [4], which can be estimated from the results of ref. [3] is: R_m ≈ 0.5 fm; the width of the abelian confining flux tube is: R_t ≈ 0.3 fm [7]; the average instanton radius is: R_I ≈ 0.3 fm (see [8] and references therein). Thus we see that in the QCD vacuum there exists a rather small scale, 0.065 fm, such small scale was already discussed in various studies of QCD vacuum [9, 4].

6. M.I.P. and A.I.V. acknowledge the kind hospitality of the staff of the Institute for Theoretical Physics of Kanazawa University, where the work was initiated. The work was partially supported by grants, RFBR # 01- 02-17456, RFBR # 00-15-96786, INTAS # 00-00111, JSPS Grant in Aid for Scientific Research (B) (Grant # 10440073 and # 11695029) and CRDF award # RP1- 2103.

1. T. Suzuki, Nucl. Phys. Proc.Suppl. 30, 176 (1993);

M. I. Polikarpov, Nucl. Phys. Proc. Suppl. 53, 134 (1997); M. N. Chernodub and M. I. Polikarpov, in Confinement, Duality and Non-perturbative Aspects of QCD, p. 387, Ed. Pierre van Baal, Plenum Press, 1998, hep-th/9710205; M. N. Chernodub, F. V. Gubarev, M. I. Polikarpov, and A. I. Veselov, Prog. Theor. Phys. Suppl. 131, 309 (1998); R. W. Haymaker, Phys. Rep. 315, 153 (1999).

2. T. L. Ivanenko, A. V. Pochinsky, and M. I. Polikarpov, Phys. Lett. B252, 631 (1990); T. L. Ivanenko, A. V. Pochinsky, and M. I. Polikarpov, Phys. Lett. B302, 458 (1993).

3. M. Fukushima, A. Tanaka, S. Sasaki et al., Nucl. Phys.

Proc. Suppl. 53, 494 (1997); A. Hart and M. Teper, Phys. Rev. D58, 014504 (1998).

4. V. G. Bornyakov, M. N. Chernodub, F. V. Gubarev et al., preprint MPI-PHT-2001-06, March 2001, heplat/0103032.

5. H. Suganuma, H. Ichie, A. Tanaka, and K. Amemiya, Prog. Theor. Phys. Suppl. 131, 559 (1998); H. Ichie and H. Suganuma, Nucl. Phys. 574B, 70 (2000).

Ŕĺśĳňă ć ĘİŠŤ šőň 74 ćżŕ. 9 { 10 2001

510 V. A. Belavin, M. I. Polikarpov, A. I. Veselov

6. M. N. Chernodub, M. I. Polikarpov, and A. I. Veselov, Phys. Lett. B399, 267 (1997); N. Nakamura, V. Bornyakov, S. Ejiri et al., Nucl. Phys. Proc. Suppl. 53, 512 (1997); M. N. Chernodub, M. I. Polikarpov, and A. I. Veselov, JETP Lett. 69, 174 (1999).

7. K. Schilling, G. S. Bali, and C. Schlichter, Prog. Theor.

Phys. Suppl. 131, 645 (1998); Nucl. Phys. Proc. Suppl. 63, 519 (1998); 73, 638 (1999).

8. M. I. Polikarpov and A. I. Veselov, Nucl. Phys. B297, 34 (1988); M. G. Perez, T. G. Kovacs, and P. van Baal, preprint FTUAM-00-13, INLO-PUB-07-00, May 2000, hep-ph/0006155.

9. K. G. Chetyrkin, S. Narison, and V. I. Zakharov, Nucl.

Phys. B550, 353 (1999); F. V. Gubarev, M. I. Polikarpov, and V. I. Zakharov, Mod. Phys. Lett. A14, 2039 (1999); E. V. Shuryak, hep-ph/9911244.

Ŕĺśĳňă ć ĘİŠŤ šőň 74 ćżŕ. 9 { 10 2001