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Abstract

We make some comments on the recent article “ Savvidy ‘ ferromagnetic vacuum ’ in three-
dimensional lattice gauge theory ” by H. D. Trottier and R. M. Woloshyn, that appeared in

Physical Review Letters 70 (1993) 2953.
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In a recent letter (1] H. D. Trottier and R. M. Woloshyn present the results of a Monte
Carlo simulation of a three-dimensional SU(?) Euclidean lattice gauge theory in a con-
stant abelian chromomagnetic background field. This problem, which was first consider by
G. K. Savvidy [2], is of great interest for QCD for the crucial informations it may provide on
the structure of the non-perturbative QCD ground state. By analyzing the behaviour of the
effective potential as a function of the constant abelian chromomagnetic field H, the authors
conclude that their calculation for the first time provides evidence for the “ferromagnetic
nature” of the ground state of a non-abelian gauge theory, as first suggested by Savvidy’s
work [2]. |

We wish to point out the incorrectness of the above conclusions, which originate from
a faulty assessment of the extant literature, in particular of Ref.[7] of their article. Indeed it
has been shown |[3] that the “unstable Landau modes”, whose neglect by Savvidy Nielsen
and Olesen [4] were the first to point out, are responsible for a striking phenomenon of
complete “diamagnetism” that occurs in non-abelian gauge theories, by which the “classical”
contribution to the effective potential, 3 H?, is completely cancelled by a non-perturbative
contribution originating from such “unstable modes”. We believe that this phenomenon,
which is completely general [5], is clearly indicated in the calculation that Trottier and
Woloshyn report in their letter [1]. Indeed, by carrying out a calculation a la Savvidy,
i.e. computing the continuum theory one-loop effective potential neglecting the “unstable

Landau modes”, one can easily obtain (E(H) denotes the effective potential as a function of

the abelian chromomagnetic field)
1
AE(H) = E(H) - B(0) = ;H' + k(gH)}, (1)

where k = —3.8 . 1072, If the effect of the neglect of the “unstable Landau modes” were
negligible, as assumed by Savvidy, for large § = -3 and small ;Hg one would predict the
continuous curve reported in Fig. 1, which one clearly sees to be inconsistent with the MC
data [6]. The dramatic reduction of the classical contribution 3 H? in the SU(2) case is,
as remarked by the authors, completely at variance with what happens for U(1), where of
course there exist no “unstable Landau modes”. On the other hand due to the general
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phenomenon of complete screening [5], inclusion of these modes (in 2 space-dimensions there

are only two unstable Landau modes) modifies (1) as
AB(H) = K(gH)3, (2)

where k' > k originates from what is left over from the complete cancellation of the classical
term. The fit of the low % points is reported in Fig. 2, yielding a good x?/dof = 0.47 and a
value k' = (—2.4£0.2)-107?, rather close to the one computed in the one-loop approximation.

In conclusion we would like to stress that, far from corroborating Savvidy’s picture
of the ground state of a non-abelian gauge theory, the calculation by H. D. Trottier and
R. M. Woloshyn is a most relevant confirmation of the complete screening of the classical

term, demonstrated in the works of Refs. [3] [5] [7].
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Figure Captions

Fig. 1 Monte Carlo data taken from Fig.2in [1] 'éompa.red with the Savvidy prediction (solid
line) eq.(1), and our prediction (dashed line) eq.(2).

Fig. 2 Fit of the data of Fig.4 in [1] with eq.(2). The best-fit gives k' = —(2.4 £ 0.2) - 10~?
to be compared with the one-loop value —3.8-1072. The data with ;"% > 1 have been

neglected (see Footnote [6]).
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