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Abelian Monopoles inSU(2) Lattice Gauge Theory as Physical Objects
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By numerical calculations we show that the Abelian monopole currents are locally correlated
with the density of the S(2) lattice action. This fact is established for the maximal Abelian
projection. Thus, in the maximal Abelian projection, the monopoles are physical objects; they
carry the SW2) action. Calculations on the asymmetric lattice show that the correlation between
monopole currents and the density of the(SUattice action also exists in the deconfinement phase of
gluodynamics. [S0031-9007(97)04864-3]

PACS numbers: 11.15.Ha, 12.38.Gc

The monopoles in the maximal Abelian projectionis over the plaquette® which are the faces of the cube
(MaA projection) of SW2) lattice gluodynamics [1] C,(x), and Up is the plaquette matrix. For the static
seem to be responsible for the formation of the fluxmonopole we havgy(x) # 0, j;(x) = 0,i = 1,2,3, and
tube between the test quark-antiquark pair. The23U only the magnetic part of SQ) action density contributes
string tension is well described by the contribution ofto S,,. The correlation of the monopole currents and the
the Abelian monopole currents [2—4] which satisfy theelectric part of the action (which comes from more distant
London equation for a superconductor [5]. The studyplaquettes) will be studied in another publication.
of monopole creation operators shows that the Abelian At large values of, the quantityn is equal to the
monopoles are condensed [6—8] in the confinement phasermalized correlator of the dual action density and the
of gluodynamics. monopole current:

On the other hand, the Abelian monopoles arise in the <1T [ E,, GO
continuum theory [9] from the singular gauge transforma- C =22 RO o ¥ —1
tion, and it is not clear whether these monopoles are “real” <J',2L(x)> <% Tr Fﬁ,;(x)}
objects. A physical object is something which carriers
action, and in the present publication we only study theHere the lattice regularization is implied, in particular,
guestion of if there are any correlations between Abelian 1 ’ 1
monopole currents and $2) action. In Ref. [10] it has (QTrFepl)) = <(14_ 2TrUP)).
found that the total action of SR) fields is correlated i . ~ N 2 1
with the total length of the monopole currents, so theré2 Tju)F (@) = <Z Jﬂ(x)[g >

. . . pn=1 PEIC,(x)
exists a global correlation. Below, we discuss the local “1
correlations between the action density and the monopole X (1= 3Tr UP):|>-
currents.

Correlators of monopole currents and densitySéf(2) ~ The notations are the same as in Eq. (2). In the MaA
action—The simplest quantity which reflects the correla-projection at sufficiently large values @, the probability
tion of the local action density and the monopole currenpf ju(x) = =2 is small. From the definitions (1)—(3), it
is the relative excess of ) action density in the region follows that, if ju(x) = 0,%1, thenny = C. Numerical
near the monopole current. It can be defined as followsgg|culations show tha) = C with the accuracy of 5%
Consider the average actidi, on the plaquettes closest for 8 > 1.5 on lattices of size40* and123 X 4.
to the monopole current,(x). Then the relative excess  Numerical results—We calculate the quantities and
of the action is C on the symmetricl0* lattice and on12® X 4 lattice

_Sm— S (1) which corresponds to finite temperature. In both cases, it
s 7 occurs that, in the MaA projection, we have# 0 and
where S is the standard expectation value of the latticeC # 0 for all values of3. We also consider the Abelian
section,S = ((1 — %Tr Up)). S, is defined as follows:  projection which corresponds to the diagonalization of the

3)

. | plaguette matrices in the 12 plane (thg, gauge) and
S = <g > (1 -5 Tr Up>>, (2)  the diagonalization of the Polyakov line (the Polyakov
PEIC,(x) gauge)_
where the average is implied over all cub€s(x) dual In Fig. 1 we show the dependence of the quantjty

to the magnetic monopole currents(x), the summation on g for a 10* lattice for the MaA projection and for the
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0.40 . . matrix of the gauge transformatiofl (x) becomes close
to the unit matrix, max¥1 — %Trﬂ(x)} = 107°. It has
I been checked that more accurate gauge fixing does not
0.30 - g ] change our results.
The correlation of the currents and the action density
3 can be explicitly visualized. In Fig. 3 we show the
N o0t ] “time” slice of a 10* lattice. The monopole currents are
represented by lines (or by large dots, if the current is
- perpendicular to the time slice). The monopole currents
010 - . are obtained in the MaA projection from the gauge
field configurations generated kg = 2.4. The density
P - o Wy of the small dots is proportional t6(x)8(S(x) — S.);
- . = . L . ch
000, T v 20 the action density is defined as ususlx) = >, [1 —
[3 %Tr U,,(x)]. In Fig. 3 we haveS. = 0.75(S(x)). For
) ) ) _this value of the threshold., the correlation has been
FIG. 1. The relative excess of the ma49net|p action density,,1d to be most conspicuous. [The fluctuations of
near the monopole curreny for the 10* lattice. Circles
correspond to MaA projection, and squares correspond té(x) are of the order0.3(S(x)). For.the threshold
Polyakov gauge. S. < (0.5(5(x))), the small dots superimpose on each
other in Fig. 3; for S, > (0.85(S(x))), the density of
the small dots is small and the correlations are unclear.
Polyakov gauge. It turns out that the data for thp  Actually, Fig. 3 is just an illustration; the existence of
projection coincide within statistical errors with the datathe correlations of the currents and the action density
for the Polyakov gauge, and we do not show these. Iis obvious sincen > 0 (see Figs. 1 and 2).] In Fig. 3,
Fig. 2 we plot the same data, this time, for th2> X 4  one can see some currents which are not surrounded by
lattice. It is seen that the quantity is much smaller small dots. This indicates that near these currents we have
for the Polyakov gauge than that for the MaA projection;S(x) = S.. Moreover, there are some regions with a high
the deconfinement phase transition@t= 2.3 does not density of action which are not related to the monopole
have much influence on the behavior 9f Thus, the currents. Inspecting several gauge field configurations,
monopole currents in the MaA projection are surroundedve have found that, in most cases, these regions are
by plaquettes which carry the values of @Waction related to closed monopole currents in the neighboring
larger than the value of the average action. time slice. At = 2.4, approximately 30% of the regions
To obtain these results we consider 24 statisticallywith high action density are not explicitly related to the
independent configurations of &) gauge fields fo3 =  monopole currents.
2.0, 48 configurations for2.25 = B = 2.35, and 120 Thus we have found that, in the MaA projection, the
configurations for@ = 2.4. To fix the MaA projection Abelianmonopole currents and the regions with an excess
we have used the correlation algorithm [11]. The number
of the gauge fixing iterations is determined by the criterion
given in Ref. [12]: The iterations are stopped when the
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B FIG. 3. Three-dimensional slice of the four-dimensionét

lattice. The lines and the big dots mark the monopole currents,
FIG. 2. The same as in Fig. 1, but for the asymmetric latticeand the density of the small dots is proportional to(Blaction
123 X 4. density.
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