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How instantons could survive the phase transition
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Instantons at finite temperature consist of dyons, with their masses depending on the asymptotic
Polyakov loop. It is shown that the suppression of heavy dyons can explain qualitatively the be-
havior of the periodic and antiperiodic chiral condensate and the topological susceptibility above
the phase transition.
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Instantons survive ...

At the Yang-Mills (here SU(2)) phase transition the Polyakov loop starts to deviate from being
traceless and the chiral condensate drops to zero. In addition, the chiral condensate with periodic
bc.s survives, the spatial string tension even grows and the topological susceptibility decreases.
The latter seems to indicate that topological excitations are suppressed in the deconfined phase.

However, a correct semiclassical model at finite temperature has to be based on dyons, visi-
ble e.g. as constituents of calorons [1]. The properties of these dyons depend on the asymptotic
Polyakov loop, called holonomy, 2., ~ ¢2™®% (we put the temperature to 1). In particular, the two
dyons have ‘masses’, that is fractions of the action or topological charge, of 2w and 20 =1 —2®
in instanton units. Hence the dyons — selfdual or antiselfdual — look equal for traceless holonomy,
while their masses and profiles start to differ for the holonomy approaching 1,, i.e. ® — 0 (we spe-
cialize to positive (traced) holonomies with the negative ones available by a center transformation).
Under the conjecture, that tr &, equals the order parameter (tr &), the dyons are of equal mass in
the confined phase, whereas they become light vs. heavy in the deconfined phase.

Here we consider the simplest dyon model, namely a dilute non-interacting' gas of selfdual
and antiselfdual dyons. The effects on observables above the phase transition — at least the correct
tendency — is expected to be driven by the suppression of the heavy dyons through changing ® (a
neutrality condition like in [2] is not imposed and the rest of the parameters is fixed, as has also
been done in a semianalytic study of calorons [3]). For very small ® the applicability of the model
is limited because the light dyons profile spreads and might contradict diluteness.

Firstly, according to index theorems and explicit calculations at finite temperature [4], the
light dyons carry a periodic zero mode each, while the heavy dyons carry the (physical) antiperi-
odic zero modes. In a gas of selfdual and antiselfdual dyons the individual zero modes become
near zero modes and eventually build up the chiral condensates. Hence, below the phase transi-
tion the periodic and antiperiodic chiral condensate are equal, since their carriers occur equally
frequent. Above the phase transition, however, the physical antiperiodic condensate should be sup-
pressed, while the periodic one should persist and may even grow. This has indeed been observed
numerically [5] and is necessary in the context of dressed Polyakov loops and center symmetry [6].

In a similar way, the surviving light dyons shall generate a larger spatial string tension, but a
smaller topological susceptibility as the topological fluctuations now come in smaller units.

For a quantitative analysis one needs to complement the weight factors §; = exp(— %2260), &=

exp(— %ZZ(D) by the lowest order of the metric determinant, which gives d; = 8w resp. dj, = 87w ®
per dyon (see [2] and references therein), and of the fluctuation determinant, which yields the one-
loop effective potential P(®) = 47>(2w)*(2®)? /3, an overall volume factor known to favor trivial
holonomy [7].

Expectation values of observables in the model are computed by integrations over the dyons
collective coordinates: three-dimensional locations and phases. We will, however, consider observ-

ables O that only depend on the number of dyons (and @) and hence the integrals give volumes,
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where th is the number of light/heavy dyons of positive/negative topological charge.

ISemiclassical quantities like the fluctuation determinant, the action and the metric [2] will generate Coulomb-like
interactions at the next level of approximation.



Instantons survive ...

For the condensates we simply measure the total number of dyons supporting zero modes
with the given boundary condition, O peraper = N;_rh + N, For the topological susceptibility, the
topological units are squared and multiplied with the number of dyons, O = (N, l+ +N, I_)(2a))2 +
(N + N, )(20)?. A straightforward computation yields the following densities:

<0per>/v = 2Cldl ) <0aper>/v = 2Chdha <0Q2>/V = (2w)2<0per>/v + (2@)2<0a1’6r>/v- (2)

In Fig. 1 we plot these quantities as a function of @ for different values of the coupling con-
stant g. The physical behavior, (O,pcr) and (Op2) suppressed and (O,,,) enhanced away from the
confined phase holonomy @ = 1/4, is indeed found for a range of intermediate couplings g ~ 4.
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Figure 1: Expectation value of the number of periodic and antiperiodic zero modes (top, the latter bold) and
of the topological susceptibility (bottom) as a function of @ for couplings g = 2.5,4,7 (left to right).

Concerning spatial Wilson loops, it is known that individual dyons induce superconfinement
and so will our simple model (the corresponding ‘string tension’ may change with @ though). For
this and more precise calculations in general, a fully interacting dyon model must be investigated.
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