Electric-magnetic asymmetry of the dimension-2
condensate and the phases of Yang-Mills theory
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We study the finite-temperature behavior of the A2 condensate in the Landau gauge of SU(2)
Yang–Mills theory on the lattice in a wide range of temperatures. The asymmetry between the
electric (temporal) and magnetic (spatial) components of this unconventional dimension-2 condensate is a convenient, ultraviolet-finite quantity which possesses, as we demonstrate, unexpected properties. The low-temperature behavior of the condensate asymmetry suggests that the
mass of the lowest thermal excitation in the condensate is unexpectedly low, about 200 MeV,
which is much smaller than the glueball mass. The asymmetry is peaked at the phase transition,
being a monotonically decreasing function in the deconfinement phase. A symmetric point is
reached in the deconfinement phase at a temperature approximately equal twice the critical temperature. This behavior of the electric-magnetic asymmetry of the condensate separates the phase
diagram of Yang-Mills theory into three regions. We suggest that these regions are associated with
the condensed, liquid and gaseous states of the confining gluonic objects, the Abelian monopoles.
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Figure 1: Left: The electric-magnetic asymmetry of the
in units of Tc as function of T /Tc .
The high-temperature fit ∆A2 (T )∼T 2 is shown by the solid line. The relevant monopole phases are indicated explicitly [4] below, the symmetric point, ∆A2 =0, is shown by an arrow. Right: The best fit at
low-temperature is ∆A2 (T ) ∼ T 2 exp{−mA2 /T } with an unexpectedly small value of mA2 = 201(8) MeV.

Apart from the unexpected behavior of the asymmetry as a function of temperature (only the
high-T limit is understood [1] theoretically) there are two puzzles seen in Figure 1:
(i) The low-T limit is controlled by the A2 –mass gap, mA2 ∼200 MeV, which is much smaller than
the lowest glueball mass, mO++ ∼1.5 GeV. The A2 –mass gap is of the same order as Tc ∼300 MeV
indicating that the mass gap of the A2 –condensate may be relevant to the deconfinement transition.
(ii) The asymmetry ∆A2 (T ) distinguishes three regions in the phase diagram: the confinement
(0<T <Tc ), the strongly coupled deconfinement (Tc < T . 2.2Tc ), and the high temperature region
(T & 2.2Tc ). It is amusing to see these regions coinciding with the condensed, liquid and gaseous
phases of the (topological) monopole component of the gluon plasma as suggested in Ref. [4].
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Here we report results of our studies [1] of an unconventional dimension–2 condensate in
Yang-Mills theory. An example of such a condensate is the nonperturbative part of the expectation
value of the operator A2 (x) ≡ Aaµ (x)Aaµ (x) in the (minimal) Landau gauge, defined by minimization
of the A2 –operator with respect to SU(2) gauge transformations. To our knowledge, the A2 operator
was first mentioned in Ref. [2]. Dimension-2 condensates – such as the A2 condensate – were
suggested to play a distinguished rôle in QCD phenomenology [3].
Thermal properties of the A2 condensate may be revealed with the help of the electric-magnetic
asymmetry of the condensate, ∆A2 (T ) = hg2 A24 i − hg2 A2i i/3, which is given by the difference in the
thermal fluctuations of the electric (temporal) gluons, A4 , and magnetic (spatial) gluons, Ai .
The electric-magnetic asymmetry of the A2 -condensate in SU(2) lattice gauge theory is shown
in Figure 1. The results have very good scaling properties towards the continuum limit.

