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Computer simulations of the nonabelian gauge theories in

lattice regularization is one of the most powerful

nonperturbative methods which does not use uncontrolled

approximations

It allows to obtain numerically precise results for many hadronic

observables.

Apart from this the numerical sumulations are aimed at getting

information which can be helpful for understanding the nature of

the nonperturbative phenomena like confinement and chiral

symmetry breaking



Dual superconductor scenario - one of the most popular ideas

about nature of confinement t’ Hooft ’75, Mandelstam ’76

A dual superconductor is a superconductor in which the roles of

the electric and magnetic fields are exchanged.

Formation of the Abrikosov-Nilsen-Olesen string in a usual

superconductor due to condensation of electric charges is dual to

formation of the flux tube in QCD due to condensation of

color-magnetic monopoles

Superconductor is described by Landau - Ginzburg model (

Abelian Higgs model )

Dual superconductor – by dual Abelian Higgs model

It is yet unsolved task to rigorously prove that infrared QCD is dual

to Abelian Higgs model



profile of the color-electric field(left)  and profile of the 

magnetic currents (right) in DLG .                                                 

Koma, 2001



Lattice simulations demonstrated that

- in the confinement phase color-magnetic monopoles are

condensed (percolation of magnetic currents)

- monopoles are not condensed in the deconfinement phase and

the temperature of their condensation transition coincides with

confinement-deconfinement phase transition temperature

- Abelian and monopole dominance for the string tension and

other IR relevant quantities

- monopoles are interrelated with instantons/calorons/dyons



At present, there is no analytical proof of the existence of the

condensate of abelian magnetic monopoles in gluodynamics and

in chromodynamics.

However, in all theories allowing for an analytical proof of

confinement, the latter is due to the condensation of monopoles.

These analytical examples are:

compact electrodynamics Polyakov ’75

the 3D Georgi–Glashow model Polyakov ’77

super-symmetric Yang–Mills theory Seiberg and Witten ’94



Dirac monopole



Lattice definitions for compact U(1)



3-dimensional 

image

4-D magnetic currents    ( DeGrand and Toussaint,  1980)       



Conservation law:



t’Hooft-Polyakov monopole









There is a singularity at locations where two or more 

eigenvalues are equal. In the vicinity of such singularity 

gauge field has a form of the t'Hooft - Polyakov monopole, 

i.e. it has a magnetic charge.

Examples of 𝑋 𝑥 : 𝐹12 𝑥 , 𝐿(𝑥)

Thus QCD becomes equivalent to theory with color 

magnetic monopoles, 'photons', and charged matter 

fields: off-diagonal gluons and quarks.



Maximally Abelian gauge 

MA gauge condition 

solutions: extremums over gauge transformations  of the 

functional 

𝐹 𝐴 = න𝑑4𝑥 {( 𝐴𝜇
1)2 + ( 𝐴𝜇

2)2 }

Abelian projection: 

𝐴𝜇
𝑎 𝑇𝑎 → 𝐴𝜇

3 𝑇3 (in observables)

Lattice formulation - by Kronfeld, Laursen, Schierholz, Wiese,1989





Bonati,  D'Elia and  Di Giacomo, 2010

It was argued that MAG is a proper Abelian gauge to

find gauge invariant monopoles since monopoles can

be identified in this gauge by the Abelian flux, but this is

not possible in other Abelian gauges.

In other words, the efficiency of the method to detect

monopoles (DeGrand-Toussaint) depends on the

choice of the gauge.

It was demonstrated for a class of gauges which

interpolate between the Maximal Abelian gauge and the

Landau gauge, how monopoles gradually escape

detection.



Old results



The length distribution of finite clusters in SU(2) 

gluodynamics.  Lattice 324, 𝑎 ≈ 0.13fm, 

VB, Boyko, Polikarpov, Zakharov, '03 



Percolation transition at 𝑇𝑐

Percolation susceptibility (left) and percolation probability (right) 

in SU(2) gluodynamics



Abelian and monopole dominance



One can decompose the Abelian vector potential into

monopole and photon parts

𝑈𝜇
𝑚𝑜𝑑- nonabelian gauge field with monopoles removed 

(modified)







Dominance of the diagonal gluon propagator in IR had 

been found   Amemiya and Suganuma, 1999  (in 

coordinate space) 

VB, Chernodub, Gubarev, Morozov and Polikarpov, 2003 

(in momentum space)







Ichie, VB, Streuer, Schierholz, 2003,    3Q system



Suganuma, Sakumichi, 2015

𝜎3𝑄 ≈ 𝜎3𝑄
𝑎𝑏𝑒𝑙















Screening of the q=2 monopole potential



Conclusions I
- DS scenario of confinement is supported 

by numerical evidence obtained in lattice

simulations.

There is no theoretical understanding of 

this ‘phenomenology’. Hope for future

- Decomposition of the static potential 

𝑉 𝑟 = 𝑉𝑚𝑜𝑛 𝑟 + 𝑉𝑚𝑜𝑑 𝑟 is one of such 

observations

- Solution to adjoint potential problem

- First observation of the screening of q=2    

monopole potential



Deconfinement transition in Q𝐂2D at    

T=0 and nonzero quark chemical potential

This part of my talk is based on

JHEP 03 (2018) 161

Braguta V., VB, Ilgenfritz M., Kotov A., 

Molochkov A., Nikolaev A.

I also use slides from the talk given by 

Nikolaev A. at XQCD 2018



for SU(2) gauge group







SU(2) with 𝜇𝑞 > 0 was first studied by A. Nakamura, 

Phys. Lett. B149, 391 (1984).

Later work:





Simulations settings:



Polyakov loop L



Static quarks potential







Spatial static potential



𝜎𝑠 𝑎𝑡 𝜇 = 0, 𝑇 > 0





Diquark condensate



Number density





Conclusions II

- Clear observation of transition to deconfinement 

at 𝑇 = 0

at  𝜇𝑞𝑐, determined by σ ,  between 850 and   

1000 MeV 

- 𝜎𝑠 starts to decrease at  𝜇𝑞 ≈ 1000 MeV and    

becomes zero at about 2000 MeV

- Thus deconfinement at large density is different 

from deconfinement at large temperature

- There is no nonperturbative magnetic sector



New proposal for confinement  

mechanism

T. Suzuki    arXiv:1402.1294

Suzuki, Ishiguro, VB, Phys.Rev. D97 (2018) 

no.3, 034501

Suzuki, Phys.Rev. D97 (2018) no.3, 034509



- confinement is due to violation of the non-

Abelian Bianchi identities (VNABI)

- VNABI  𝐽𝜇(𝑥) are equal to Abelian-like 

monopole currents  𝑘𝜇 defined by the violation 

of the Abelian-like Bianchi identities.   

- VNABI satisfies covariant conservation law  

𝐷𝜇𝐽𝜇 = 0 and Abelian-like conservation law 

𝜕𝜇𝐽𝜇 = 0

- There are  𝑁2 − 1 conserved magnetic charges 

in  SU(N) QCD. 

- The charge of each component of VNABI  is 

assumed to satisfy the Dirac quantization 

condition. 



Each color component of the non-Abelian

electric field 𝐸𝑎 is squeezed by the 

corresponding color component of the 

solenoidal current 𝐽𝜇
𝑎. 

No Abelian gauge fixing, no breaking global 

SU(n).



Numerical results in SU(2) gluodynamics

were obtained supporting the gauge

invariance of < 𝑘𝜇
2 >

Thus giving support to the proposal.


