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Itis argued that the adjoint torelon loop, i.e. a Polyakayplin the adjoint representation running in a spatial,
rather than temporal, direction, is an observable whicteisiive to the presence of long color electric flux
tubes at high temperatures. We show via lattice Monte Camalations that this observable has a sharp peak
at the deconfinement transition, remains much larger thamabuum value for some range®f> Tc, and falls
below the vacuum value fof > 2T;. This result suggests that long electric flux tubes may pefsi a finite
range of temperatures past the deconfinement transitiodnatesome stage disappear, presumably melting into
a plasma of gluons. As a side remark, we point out that ourdtseatiT < T¢ imply that the eigenvalues of
ordinary Polyakov loop holonomies in the confinement phase la slight tendency to attract rather than repel,
which may be relevant to certain models of confinement.

PACS numbers: 11.15.Ha, 12.38.Aw
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I.  INTRODUCTION

The thermal average of an operafrin a canonical en-

semble is given by the standard formula of quantum stadistic

mechanics

Sn(n|OJme S/kT
znefEn/kT

<O>thermal = (1)

The situation is much less clear at high temperatures, just
past the deconfinementtransition. All that can really be sai
that in temporal gauge the releva&y must be gauge-invariant
operators, but this fact provides only modest guidance rtApa
from such ultralocal operators as[Ff], gauge-invariant op-
erators can be built out of combinations of the eigenvalues
and eigenstates of gauge-covariant operators. For example
if 2 is a Dirac operator, say, or a covariant Laplacian, and
2¢ = Angh is the corresponding eigenvalue equation, then

where{|n)} is the set of energy eigenstates. In the case of any functional of the set of functiongg?(x)@a(x)}, and the

pure gauge theory, two questions naturally arise: Firdgvat

eigenvaluegAn}, is gauge-invariant. The exponentin eq. (2)

temperatures, the thermal average is dominated by the droufis another example. Gauge-invariant functionals can agso b
state, so whatis this ground state, exactly? The questiald co puilt from transformations to a physical gauge. gt A] be
be answered, e.g. in the Schrodinger representation, lzy spethe transformation which takes a gauge-fiéldnto Coulomb

ifying the Yang-Mills vacuum wavefunction&y[A] = (A|0).

gauge. Then any function@[g[x; A] o A(X)] is also a gauge-

Secondly, at temperatures greater than the deconfinement teinvariant operator.

peraturel;, what are the relevant excited states that dominate

the thermal average? If these relevant stames= Q,|0) at

T > T¢ can be constructed by acting on the ground state witr\1N

certain gauge-invariant operatdi®n }, then what is the form
of such operators?

We are probably very close to having an answer to the firs

guestion, at least iD = 2+ 1 directions. It is likely, for the
reasons giveninrefs. [1, 2], that the Yang-Mills vacuum erav
functional has the form

1
WolA] = exp{—z—gz / d?xd?y F3(x)

ab
1 ) )
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or at least something quite close to that, whefeis the co-
variant Laplacian in the adjoint representatidgis the lowest
eigenvalue of-D?, andmis a mass parameter.

1 An alternative possibility is that the kernel has insteag torm

There are two types of operators, however, which may play
a special role in pure Yang-Mills theory: the Wilson loops
(C), which create thin lines of electric flux, and the 't Hooft
loopsB(C), which create thin lines of magnetic flux known as
center vortices. Unlike the previous examples, these tpera

fo not require, as part of their definition, the solution offa d
ferential equation over the full spatial volume. The lovinty
energy eigenstates of strong-coupling lattice gauge yheer
calculable, and can certainly be expressed in terms of Wilso
loop operators acting on the vacuum state. There is alsogtro
evidence that center vortices, created by the ‘t Hooft lopp o
erator, play an important role in the confinement mechanism
[4], including the generation of a spacelike string tensabn
high temperatures [5]. So one guess is that the relevant ex-
cited states at high temperature are created by products and

1/(y/—D2— Ag+m? +m), which reduces to the Karabali, Kim, Nair pro-
posal [3] when evaluated on abelian configurations. The terods are
qualitatively very similar, and the corresponding wavefionals are diffi-
cult to distinguish quantitatively in numerical tests, [&f.



superpositions of these two special types of operators, i.e  known, adjoint Polyakov loops have a non-zero vacuum ex-

. pectation value even in the confined phase, because the color

In) = Z{electnc flux tube operato}s charge of a static adjoint source can be screened by gluons.
x{magnetic flux tube operatdi®) . (3)  Theresulting state is known as a “gluelump,” and it can be pic

Chernodub, Nakamura, and Zakharov [6] have presented evﬁl—”ed in two ways. First, in some appropriate (e.g. Coulomb)

dence that a network of magnetic flux tubes in the deconfinegg;:ggjdﬁ gl;etlr?énsﬁ;in:(;?rgg :r? dﬂ;o:igh:eof:gﬁs% tll)J(;und litate
phase is responsible for large contributions to relevaait-th 9 9 arg

modynamic quantities in the hot Yang-Mills equation of stat Fig. 1(a). Secqndly, just as a glqeball can be pictured as a
In this article we will be mainly interested in the electric closed, fluctuating string of electric flux, a gluelump can be

flux tube content of the plasma state. At low temperaturesthouqht of as a closed electric string which begins and enhds a

well below T, the relevanQ, will simply create low-lying the static .source, Fig. 1(b). .
glueball states, which are understood to be small closed ele  The evidence that a closed electric flux tube can be de-
tric flux tubes. AsT increases, longer electric flux tubes Scribed by a fluctuating string has become quite compelling
(highly excited glueball states), are less suppressedpand N recentyears, for both 2+1 aqd 3+1 dimensions. In particu-
come increasingly relevant. Itis a very old idea that flusetsib Ia_r, lattice Monte Carlo simulations have foulnd that the-low
percolate aff = T, the flux tube free energy goes to zero Iy|n_g specf[rur_n_of c_Iosed flt_Jx tube states, \_/vh|ch are closed by
while the energy per unit length remains finite. We are interJattice periodicity, is described to a surprising degre@of
ested in the question of what happeng at T.. Do the color ~ curacy by the simple Nambu-Goto action. The ground state
electric flux tubes simply vanish? Or do they persist for someéeN€rgy in particular agrees with the Casimir energy of the
range of high temperatures, before “melting” into a plasina oNambu string (assomgted w_lth the Lusc_her term_) dovv_n tetub
gluons? lengths where one might think that a simple string picture of
Although we will work here in a pure gauge theory, the.theﬂux tube should not apply. Up-to-dgte results can bedoun
question we address is presumably also relevant to theoridd refs. [7, 8]. We will therefore be guided by the picture of
with dynamical fermions. In either case, long electricres a_quebaII asa c!osed, fluctuating string, and assume tisat th
can break into smaller strings, e.g. in the pure gauge theory PICture also applies to gluelumps, which would then resembl_
closed loop (with zero winding number) can split into smalle Strings attached to static DO-branes. A gluelump has some fi-
loops, and if fermions are included there is also the mechalite extension which, like that of most low-lying hadrors, i
nism of string breaking vigg pair creation. Despite such de- probably on the order of one fermi. This rough estimate is
cay mechanisms, at high temperatures the contributioneto thSUPPOrted, to some extent, by the fact that the string betwee
thermal ensemble of long electric strings, corresponding t tWo static adjoint sources breaks into two gluelum_ps when th
highly excited glueball, mesonic, or baryonic states,Kelji ~ SOUrces reach a separation of 1.25 fm, as determined frem lat
to be significant. The question is whether color electripgtr ~ tice Monte Carlo studies [9]. The length of the “broken” sy
like states remain significant in the plasma region of thespha attached to one of the sources, at the breaking point, sasves

diagram, and this question is much easier to address in trcrude upper bound for the radius of the gluelump.
pure gauge theory. If string or flux tube-like states exist at Now consider what will happen as the extensigrof the
all in the deconfined phase, it means that there remains sonferiodic volume in the spatiatdirection is reduced to or be-
mechanism, at some range of temperatures, which concefew the extension of the gluelump. In the constituent gluon
trates color electric fields into flux tubes. If such a mecha-icture, the bound gluon can take advantage of the pertgdici
nism is operating for highly excited states in the pure gaugé thez-direction by having zero momentum in this direction;
theory, it seems likely that the mechanism would also operatthis reduces the kinetic energy of the bound gluon without
in highly excited hadronic states, relevant to the decodfineincreasing color charge separation beyond the normal exten
region of a theory with dynamical quarks. Conversely, itele sion of the gluelump. The ground state gluelump wavefunc-
tric flux tubes disappear past the transition temperatutiedn tion is then completely delocalized in tizedirection. Like-
pure gauge theory, then there is no reason to expect flux tubgise, in the string picture, the string can wind around the pe
states in more realistic theories. riodic z-direction, as indicated in Fig. 1(c), without incurring
a large cost in energy. In the string picture,lasbecomes
very small, the string partition function is dominated bgtes
Il.  ADJOINT TORELONS AND ELECTRIC FLUX TUBES with multiple windings, and the contribution from stategtwi
zero winding number is negligible by comparison. In the case
In this section we will explain why the thermal average of of the gluelump, where the ends of the string are pinned to a
adjoint torelon lines, i.e. adjoint Polyakov loops in a splat source and the center of mass cannot propagate freely in the
direction, might be relevant to the study of electric fluxeab z-direction, the winding mode represents an extra degree of
at finite temperature. From the start we should confesstikat t freedom, strongly suppressed at latge which opens up at
argument we will present is entirely heuristic. Nevertesje smallL,.
this argument serves to motivate our calculation of theiatljo  In string theory, of course, thie, — 0 limit of a DO-brane
torelon line, and it will suggest an interpretation of theuks.  is equivalent, by T-duality, to thie, — oo limit for a D1-brane.
We begin by considering Polyakov loops in the adjoint rep-In the latter case, summation over the center-of-mass memen
resentation, of extensidn in the time direction. As is well tum in thezdirection contributes a factor df; to the ther-
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FIG. 1. Descriptions of the gluelump state: (a) The gluellas bound state of a static source and a constituent gluoaulo@b gauge.
Dashed lines indicate the color Coulomb interaction. Tliéhlee shadings correspond to the adjoint representasi@tao-index object. (b)
The gluelump as a fluctuating electric string pinned to tagissource. (c) For spatial extensibpcomparable or smaller than the gluelump
size, the electric string will tend to wind around the peitogblume.

mal partition function (see, e.g., Zwiebach [10]), so the D1
brane partition function diverges linearly with. Likewise,
the sum over winding modes of the DO-brane leads to a di- t=L,/2
vergence a4, — 0. Of course, the expectation value of an [~
adjoint Polyakov line at finite temperature is not necefsari |
the same thing as the thermal partition function of string-en ’-’: .
ing on a DO-brane. Nevertheless, since the low-temperature g t=0
flux tube spectrum is so well described by the Nambu action, A \
we are led to expect that string winding modes will enhance
the expectation value of the adjoint Polyakov looplasle- t=—L,/2
creases. _ @ )

Next let us interchange tteandt labels, so that the “short”
direction is now the time direction, and the Polyakov loopsru
along the large spatiatdirection. Polyakov loops which run  fiG_ 3. Lattice strong-coupling diagrams correspondingafoFig.
in a spatial direction are sometimes referred to as “tosglon  2(a); and (b) Fig. 2(b).
and we will adopt that terminology here. The expectation
value of an adjoint Polyakov loop in a 4-volume with one short
space direction can be reinterpreted as the thermal expectglobal center symmetry defined at any fixed time. In a lattice
tion value of an adjoint torelon loop at finite temperaturee T formulation, in a = 0 timeslice, consider the global transfor-
string pictures of the gluelump state, Figs. 1(b) and 1(@yn mation

take on a somewhat different meaning. Uz(x, Y,z = 0) — €27NU,(x,y,z= 0) (4)
t=L4/2 with all other links az# 0 unchanged. A physical sta#gU |
hasN-ality k if, under the global transformation (4),

<> =0 WU] — 2% Ny . (5)
b An operator which changes tiheality of a state byAk =1 is

‘/ p the torelon operator in the fundamental representation

t=-Lt
Ly
(a) (b) T =Tr Pexp[ig / dz A(0,0,2, 0)} , 6)
Jo

o . o . or in lattice regularization
FIG. 2. Schematic diagram of string propagation in a spéice-s

at fixedz (a) Creation at = 0 of an electric string-antistring pair, N,
which subsequently annihilate. (b) An electric string tedaatt = 0 T =Tr |_| U-(0,0,nz,0) | ,
which propagates through the periodic lattice, and is dgstt at n=1

t=0.

()

while the conjugate operatar T changes thil-ality by Ak =

o o i . —1. Any superposition of Wilson lines
Before going into that, it is useful to first note that physica

states in an SUN) pure gauge theory can be characterized by alC)Tr Pex [i Y{ dxHA ] 8
their transformation properties with respect to an undiegly Z © P g' C H ®
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FIG. 4. Thermal average of the adjoint torelon l{i8)thermai ON @ 15 x Lt lattice, vs. temperature rafio/Te. The deconfinement temperature
atf8 = 2.5115 corresponds o = 8 lattice spacings in the time direction, and therefbyd@; = 8/L:. The dashed line is inserted to guide the
eye.

which are closed by lattice periodicity in tizedirection, with  wraps around the periodic time direction, passing throtgh t
winding number equal to one, also changeNhality of states  z-axis att = 0. The corresponding lattice strong-coupling dia-
by one unit. A thick flux tube which winds once through the gram is shown in Fig. 3(b); in this case the sheet of plagsiette
periodic lattice is created by operators of this type, actin ~ wraps around the periodic time direction. As explained in,
the vacuum. The vacuum state itself, assuming ordinary pee.g., ref. [11], a particle worldline which wraps around fiee
riodic boundary conditions, has-ality zero, and in fact the riodic volume in the time direction can be interpreted asc re
lattice version of the vacuum wavefunctional (2) is explijci  particle in Minkowski space, rather than a virtual particie
invariant under the transformation (4). Euclidean space, which contributes to the thermal ensemble
BecauseZ7 and.7 T take states from onk-ality sector to  Likewise, the wrapped worldsheet represents contribation
another, we can regard them as creating/destroying lomg ele(Za)iherma due to states containing at least one long electric
tric strings which wind through the periodic lattice in the  string, closed by periodicity in thedirection.
direction. Operator7 creates a string or destroys an “anti-  The identification of hyperplanestat +L¢/2 corresponds,
string,” i.e. a string with the opposite orientation of aodtec-  in the canonical ensemble, to the sum over states in (1). We
tric flux, while 7 creates an antistring or destroys a string.have already argued that the degree of freedom associated
The adjoint torelon loop is simply a Polyakov loop which runswith the string winding mode, which opens up at small com-
in the zdirection, in the adjoint representation of the gaugepactified dimension, ought to enhance the expectation value
group, i.e. of an adjoint loop. But since a winding number- O corre-
T TTt_1 sponds, in the thermal field theory, to statedNedlity k mod
= —-1. 9 N . i .
, such processes can only contribute if states containing a

Now the string diagrams for gluelumps, Figs. 1(b) and 1(c)minimum ofk long flux tubes are present in the thermal en-
under thez <+ t interchange, can be reinterpreted as follows:semble at high temperatures. Thus, the greater the eléatic
At low temperatures, with; much greater than the gluelump tube content in the thermal ensemble, the greater the bantri
extension, Fig. 1(b) can be viewed as the creation of a stringion from the wrapped worldsheets, and the larger the value
antistring pair, which propagate for a finite time and subseOf (a)therma. COnversely, if long electric flux tube states are
quently annihilate. This process is indicated schemdyioml ~ for some reason almost absent in the thermal ensemble, then
Fig. 2(a), which shows a slice of the volume at fixed.e.  only worldsheets with zero winding number and associbited
the adjoint torelon line runs into the page. The correspondality k= 0 can contribute, as in the = O case, and all other
ing diagram in lattice strong-coupling perturbation theisr ~ potential contributions are suppressed.
shown in Fig. 3(a); it involves a sheet of plaquettes wragpin  The qualitative argument just presented is our reason
around the adjoint line to form a tube. It is contributions of for thinking that any significant enhancement of an adjoint
this type that contribute to the vacuum expectation value oforelon line, beyond it§ = 0 value, may indicate the pres-
the adjoint torelon loop. At high temperatures, withless  ence of states containing long electric flux tubes in the-ther
than the typical gluelump extension of roughly one fermg, th mal ensemble. With this motivation, we have computed the
winding string in Fig. 1(c) becomes relevant. This figure canexpectation value of the adjoint torelon line in SU(2) lzti
be reinterpreted, as in Fig. 2(b), as a string worldsheethvhi gauge theory, using the standard Wilson actiofi at2.5115



5

on lattices of volume 15x L;. The extensior; in the time- namely: In a pure Yang-Mills theory, in the confinement
like direction runs from 15 down to 2 lattice spacings, andphase, do the eigenvalues offéndamentalrepresentation
the torelon line, running in the-direction, is always 15 lat- Polyakov loop tend to attract, or tend to repel?
tice spacings long. The critical temperaturefat 2.5115 Obviously the endpoint of attraction is where the eigenval-
corresponds to 8 lattice spacings in the time direction,[4@] ues are identical, and this must be a center element, while
we are sampling temperatures from a Iow%ﬂ'C toahighat the endpoint of repulsion is a situation where the trace ef th
4T.. The lattice spacing g8 = 2.5115 isa= 0.08 fm, so if  Polyakov loop is zero. An example of the formerZg lat-
the extension of the gluelump is about one fermi, we wouldtice gauge theory, where Polyakov loops are precisely cente
expect that winding contributions would become significantelements and the VEV vanishes, in the confined phase, due
at around 12 lattice spacing$ & %TC). In this calculation to quantum fluctuations among these center elements. This is
we have made use of the Liuscher-Weisz noise reduction teclalso the case for center-projected 8lJ(attices in maximal
nique [13] with one level of sublattices, each of three ¢atti center gauge. The situation is similar to the disorderedgha
spacings extension in theedirection? of aZy spin system where there are islands of the same cen-
Our results are displayed in Fig. 4. Although the mag-ter element, but upon averaging over the full volume, the ele
nitudes of the adjoint torelon expectation values are afwayments cancel. In the ordered phase, the lattice is overwhelm
very small compared t®(1), there is a dramatic structure ingly one center element or another. The opposite extreme is
seen in the relative values, which show a sharp peak prgcisethe dilute dyon gas advocated by Diakonov and Petrov [15].
at the deconfinement transition. According to our previoudn that picture, in the confined phase, the trace of almost any
reasoning, this peak could be attributed to the presence d¢folyakov loop (away from the middle of the dyon) is zero in
long electric strings for temperatures at or near the decoreach configuration, which is the limiting case of eigenvalue
finement transition. Two points are worth noting. First, therepulsion. Deconfinement occurs when there is a switch (at
adjoint loop does not immediately drop to (or below) the vac-the minimum of the free energy) from eigenvalue repulsion to
uum value afT > T.. For temperatures a little beyorig, eigenvalue attraction.
the thermal average is still much greater than the vacuum ex- Of course, these pictures are extremes. In reality the dis-
pectation value. On the other hand, Bsncreases beyond tribution of Polyakov eigenvalues is close to random in the
2Te, (Ia)thermal falls to values which are very much smaller confined phase, i.e. close to the Haar distribuficihe same
than the low-temperature value. Our interpretation of éhescan be said for the eigenvalue distribution of large Wilson
results is that states with long electric flux tubes become inloop holonomies. But there is, nevertheless, a lot of inform
creasingly important as the temperature increases, upeto thion contained in the eigenvalue distribution of Wilson oo
deconfinement transition temperature. Beyond that tiansit holonomies. The tiny deviation from the Haar measure in that
long electric flux tubes persist for some range of tempeeatur case encodes information about the string tension, thetdis
until, at high enough temperatures, the relevant exci@st term, Casimir scaling, and color screening. For this reason
no longer contain such configurations, and the flux tubes prese may expect the small deviation from the Haar measure for
sumably “melt” into the surrounding plasma. Polyakov loops to be significant as well. If the underlying
confining configurations tend to have Polyakov eigenvalues
coincide, as in a center vortex mechanism, or repel, as in a
Ill. DO POLYAKOV LOOP EIGENVALUES ATTRACT, OR dilute dyon gas, then these tendencies might be expected to
REPEL? show up in the small deviation of the eigenvalue distributio
away from the Haar measure.

Our calculation of the adjoint torelon line at the lowest Let
temperaturel = %TC, obtained on a hypercubic 4%attice ook
volume, is also (again interchanging thendt-directions) U(L) = Pexp[|/0 tho(O,t)} (10)
a reasonable estimate of the expectation value of an adjoint _ .
Polyakov loop at this (comparatively) low temperatdréhis ~ P€ @ Polyakov loop holonomy, at spatial coordinatgaken

data point allows us to address quite a different questionf© Pex =0, and letP = Tr[U(L)]. If the eigenvalues dfi (L)
attract, then the probability distribution for(L) on the group

manifold should be slightly peaked around center elements;
i.e. P=zN, wherez ¢ Zy for the SU\) gauge group. Con-
2 Since each sublattice is three lattice spacings inztt&ection, an odd Ve,rsely’ if the elgenvalues Fend tp repel, the_n the distiobu
number of sublattices of course results in a lattice extenaihich is also ~ Will be peaked around configurations for whieh= 0.

an odd number. The reason for an extension of 15 lattice imBnply The probability density(g) for a Polyakov holonomy is
that we found it convenient to use three lattice spacingh®isublattices, given by
and then having 5 sublattices was a compromise betweenl sigeaand
having a relatively small{ = £ T) temperature on a hypercubic lattice. p(g) =(3[g—U(L)]). (11)

3 A previous calculation by Gupta et al. [14] of the adjoint ydlov line
in SU(3) pure gauge theory was carried out in the confinemiease for
temperatures quite close to the transition temperaflifd; > 0.907. A
positive value was obtained, but for our purposes it is db#érto check 41n fact, even if center symmetry were explicitly broken bytteafields in
this result at a much lower temperature, well below the ttiams point, the fundamental representation, the eigenvalue disimibwould still be
where high temperature effects are hopefully negligible. nearly random at low temperatures, just due to non-confifiiroguations.



where the Haar measure distribution correspongg¢p = 1.  ment transition is an indication that long electric flux tabe
Now make a character expansion of the delta function, and aurvive, in the thermal ensemble, somewhat beyond the de-

this point specialize to the SU(2) gauge group, so that confinement transition, up f® ~ 2T.. For a true quark-gluon
plasma created via heavy ion collisions, this would suggest
S[g-U(L)]= Z XiV(L)Ixilg] - (12) " that some hadronic bound states, such as closed flux tubes
i=0.3.1... (i.e. glueball states) and certain quark bound states, may s

vive a little beyondT.. This conclusion ties in very well with
the discussion of Shuryak in ref. [16], who argues that @erta
(3lg—U (L)) = % (XU L)x;ilg - (13)  aspects of recent RHIC data could be explained by the exis-
j=0,T2,3... tence of metastable color electric flux tubes in the quar&mlu
plasma, at temperatures somewhat bey@gndShuryak and
co-workers have also argued for the existence of flux tubes

confined phase, on grounds tHa [U (L)]) vanishes, fo = 5t the transition based on a dual superconductor model of
half-integer, if center symmetry is unbroken. But, apaotir  qnfinement, cf, [17, 18]. The survival of electric flux tubes

the trivial j = O representation, Polyakov loop VEVs are very o, 1 > Te, in the context of the gluon chain model [19], may

small even for integef, and are very rapidly suppressed as 515, he connected with the persistence (indeedintreasd

j increases. It is therefore an excellent approximation € th o¢ the color Coulomb string tension in the deconfined phase
sum to keep only the leading contributions, i.e. [20].

We have also seen that the mere fact of positivity, of ad-
=(Blg—UL)]) ~ 1+ (TraU(L)\Tralgl, (14) . . ct of'p Y, Of
pl@) = (ol Lh (TalU(LDTralg], - (14) joint torelon loops at low temperatures, implies that thgeak

where Tr[g] = x1[g] is just the trace in the adjoint represen- values of fundamental representation Polyakov loops tend t
tation. slightly attract, rather than repel, in the confinement phas
The crucial question is now whethéfra[U(L)]) is posi-  If this small deviation from the Haar measure reflects the na-
tive, or negative. If it is positive, then the Polyakov loapp-  ture of the underlying confinement mechanism, then confin-
ability density is largest whegis a center element(+1 for ~ ing configurations associated with center elements, irgece
SU(2)), and we can conclude that the eigenvalues tend to avortices, would seem to be favored.
tract. Conversely, if the trace of the adjoint Polyakov lesp
negative, then the probability density is largest afdr= —1,
which is obtained when the trace in the fundamental represen
tation is zero. In that case, the eigenvalues tend to repel.
We have seen, from the first data point (obtained on‘a 15
lattice) shown in Fig. 4, that the trace of an adjoint Polyako
loop at low temperatures is positive. We conclude from this
data that the eigenvalues of a Polyakov loop tend to very ACKNOWLEDGMENTS
slightly attract, rather than repel, in the confinement phase.

Then, in the confined phase
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