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1. A remarkable breakthrough has been achieved in the last
two vears in the numerical evaluation of nonperturbative pro-
puerties of gluodynamics by putting this theory on a lattice’l/
Numerical values have been obtained for the string tension’2/,
tte gluon condensate /%, the lightest glueball’“/ and some other
moson masses %/, the topological susceptibility’®/ etc., with
a surprising degree of consistency. Still, one has to admit that
tl e understanding of the structure of the vacuum is poor as
yet. The activity of monopoles and vortices /7/defined in terms
ol the center of the group, appears intrinsically related to
thc weak—to-strong coupling crossover /8/, but bears no direct
rrlevance to the continuum limit. Exploiting the tool of Monte—
(irlo simulation in asking good questions should finally help
t » develop or improve analytical methods for nonperturbative
rhiznoment without recourse to the lattice.

Essenti1ally the only nonperturbative continuum approach prac-
tized today, is the quasiclassical approximation to the func-
tional integral, in particular the dilute instanton gas approxi-
mation (DGA)’®/, Unfortunately, no instanton amplitudes are avai-
lable with higher loop corrections under control, while the
oue Luup awplitude explodes badly at large sizes. Dealing with
more general configurations in the partition function meets
severe difficulties. There are arguments, however, that the cor-
rect treatment of collective coordinates for not infinitely
dilute gases gives rise to a hard core, stabilizing the instan-
ton size scale 710/, Moreover, in this version the instanton gas
does not contradict anymore the low energy theorems /11, The
resulting model is able to describe the static quark-antiquark
force at distances below the confinement scale’12/, For finite
temperature studies it has become customary to take the naive
instanton gas approximation for granted’qsﬂ It is argued that
high enough temperature sets the scale for the coupling constant
and acts as an external cut-off for the instanton sizes, such
that there is nothing to bother about. In this spirit the high
temperature instanton gas has been used to discuss the confining
transition and to estimate the corresponding temperature Tc/144

From our above~mentioned point of view (concerning T=0) it seems
more natural to define a saturation temperature Tgat . at which
the zero temperature characteristics of the instanton gas are
reached, and to wonder about its relation to be deconfinement
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and/or other phase transitions, [ o T
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A characteristic feature of the instanton picture is the very
rapid onset of effects with falling temperature until satura-
tion takes over. The dampling of larger instantons due to the
T #0 amplitude 13/

D, T) = D(, 0) exp(~ %(in)2+...) (6)

is gradually lifted, and the critical space-time fraction f~37,
known from the comparison with the lattice QQ force, is rea-—
ched around T/A py1. Since roughly LsI1-4f, the contribution of
instantons to the discordering of the Wilson line cannot be
important. We are more interested to identify the saturation
temperature Tg,, with respect to the deconfinement temperature.

3. Our Monte-Carlo data were taken running the SU(2) heat bath
iteration program of Ardill and Moriarty '!77 at the EC 1060 com-
puter of JINR. The lattice sizes were 8%x2, 83x3 and 83x4. (We
have checked that no essential effects of the final volume
were present). Typically, sweeps through the lattice have been
lterated 100 * 200 times for each value of coupling B=4/g§. Be-
cause we were interested in a relatively fine-binned Wilson
line distribution we could not work with a finite subgroup prog-
ram. In fig.l we show the order parameter as function of tem—
perature, where the two-loop relationship

Y/ 2
/Y%exp21 ;
’ Yo Bo

T/AL =1/Nady =;51—(Vog%) (7)
t

has been used through-
out, although not fully
justified for N; =2 near
the transition. It is
not very safe to deter-
mine T, from the vani-
shing of L. In the tran-
sition region our 8%x3
data are averages over
[L| excluding tunnelings.
For comparison, the in-
stanton prediction 1is
shown. The temperature
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Fig.1. Average Wilson
line as function of tem—
perature, and the in-
stanton gas prediction
(eq. (4)).
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characterlzlng the sudden onset of instanton bubbles is fixed
here taking the standard value APV/A =21.55"'%into account.
From this figure it should also be clear that the order para-
meter L or its logarithm BF ¢(B) shows no well-defined
continuum limit at given temperature. Plotting BFq(B) versus

B, however, one can see a minimal slope between T=80 Ay and
200 A ,corresponding to an internal energy of Uq=(25+5)Ap,in
coincidence for N=2 + 4,

A clearer signal for the onest of the new, confining phase
can be obtained by measuring the Fourier coefficient of the
phase distribution Cgy=<cos(2d)> depending on the
temperature. At T, the value C,=-0.5 is reached, which does
not change anymore at lower temperature. Disregarding again
the N =2 points, we find T, =(34+2.5)A | (see Fig,2). Remarkably
enough, data for all our N, happen to fall onto a universal
curve shown in Fig.3, This outstanding feature served to dis-
criminate the behaviour of the order parameter and its fluctua-
tions from that of the effective theory obtained in Ref.’!
within the strong coupling approximation.

We show in Fig.4 the dlstrlbutlon of phase for some tempera-
ture values, measured on the 83x3 lattice. The peak moves slow-
ly over a huge temperature interval until finally a stable,
fully symmetric distribution of constant width is reached. This
distribution does not directly allow to infer the effective
potential in 78 terms of the order parameter, since the symmetry
is explicitly broken by the Monte-Carlo procedure startine
from ordered configurations and because it is influenced by the
"kinetic'" part of the effective action. This unknown coupling
proved essential in Fig.3.

In contrast to the average Wilson line, the population of
the deepest bins of the phase distribution shows a dramatic
temperature effect in the same range of T ~50A;.In Fig.5 we
show the content of the five bins in the region 120°<:¢ < 180°,
as measured on the 83x3 and 83x4 lattices, in dependence on the
temperature. If we assume that the distribution for phases in
this region reflects that part of three-space influenced by
the innermost core of the instantons (with I(r,p,T) >27/3),
we are able to understand the sudden rise. This amounts, of
course, to an "experimental" determination of the ratio of the
respective A parameters figuring up in our (one-loop Pauli-
Villars) instanton density and in our Monte-Carlo measurement
of the deconfinement temperature. Notice, however, the weakly
temperature dependent background already present in the 4th
and 5th bins. The instanton thresholds are drawn into these plots
in correspondence with an effective ratio A py/A[ =42+3. This
value differs from the value quoted above, which has been de-
termined perturbatively at one-loop level, by a factor of two.
This should not be considered too embarrasing since the instan-
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ton amplitude does not account for higher loop effects, and in
view of the fact that the extraction of nonperturbative effects
out of Monte-Carlo data often meets some problems in recovering
"theoretical" values 720/,

The extraction of the string tension, its temperature depen-
dence, and of the interquark force above T,which follows the
line of arguments as explained on case of the internal energy
associated with a single static quark, is in progress and will
be discussed elsewhere.

4, We will now discuss some implications in connection with
the instanton gas model and with the physical interpretation
it offers for the threshold temperature detected in the Wilson
line distribution. The DGA does not allow to estimate or even
describe the onset of_confinement. This is in accord with the
study of the static QQ force at T=0/12<measured on the lat-
tice, which can be described by the instanton gas at interme-
diate distances (up to 0.3 fermi)while the gas gives an almost
realistic value for the gluon condensate. If we fix for the
high temperature instanton gas Tg,, and Apysuch that the SU(2)
gas has just the maximum pagking fraction f=2.52712/and accounts
for the gluon condensate < -"ﬂGzVG“V> =(2/3).0.012 GeV?, we
get a Paulo-VillarsApy=190 MeV whife Ty, =1.2A,y =228 Mev.
These values are correct within some 20% because of the uncerta-
inty in the SU(2) condensate itself and the degree of satura-
tion by instantons. The study of the Wilson line distribution

hoarm mentrs Aad #rvm Ahnsanb nmsnbsa bAmnasaboowan Pyl ~—d ™ .l
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a well defined ratio T ut/Tc =1.4740.23. Accepting thestove
numbers in physical units, we get Ay =(4.6+1.2) MeV and T, =
=(155+55) MeV. Apart from these somewhat academic values, the
ratio of the two transition temperatures agrees well with that
found by Kogut et al.”®Y in a Monte—Carlo study of the quark
condensate. This can be understood as a confirmation of
Shuryak's scenario’®2/ of two hadronic phase transitions, and
the role instantons play in breaking chiral symmetry.- It is
interesting to notice, that a signal indicating the chiral
transition could be found studying pure gluodynamics. What
kind of change in the vacuum structure is responsible for the
onset of confinement, but does not change essentially its lo-
cal properties like the gluon condensate? The answer remains

unknown, so far.
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Unbreudpun 3.-M., Kpunérasu . PacnpepgesieHus E2-82-481
N0 BHIbCOHOBCKOH cTpyHe B ''ropsaueit" SU(2) rimoognHamuke:
pesynbTaTh no Merody MoHTe-Kapmo M HHCTaHTOHHBIE OI@HKH

O6cyx0alwTCcsa pes3ylbTaT, MOJy4YeHHble IO MeTOAy MouTte-KapJo,
KacawomHecs rnapaMeTpa NopAgKa OeKoHpaHHMeHTa H ero ¢UIOK TYalLHH ,
B paMKax MNpHOJHKeHHS pPa3PeXeHHOro HHCTAHTOHHOrO rasa. HarigeH
noporosbuiili addbekT B pacnpeneeHHH BIWJIbCOHOBCKOH CTpPYHbI, 00bAC™
HueMblii aKTHBHOCTBW HHCTAHTOHOB. Ha ocHoBe 3TOro GHKCHpPOBAHO
OTHOWEeHHe Mexay TeMlepaTypaMH HAacbllleHHA HHCTAHTOHHOI'o rasa
H BoccTaHoBneHusa Zg cHMMeTpHH. IpHBerdeHel Takke H ApyrHe pe-=
3ynbTAaThl YHCJIEHHOT'o cueTa.

Pa6ora BuIonHeHa B JlaBopaTopuu Teopernueckoi dusuxu OWIH.

NpenpuHT 06bEAUHEHHOTO MHCTUTYTA AQEPHHX uccnegosanun . flybHa 1982

Ilgenfritz E.-M., Kripfganz J. Wilson Line E2-82-481
Distributions in Hot SU(2) Gluodynamics: Monte—Carlo Results
and Instanton Gas Estimates

We discuss Monte-Carlo results concerning the order para-
meter related to confinement and its distribution from the
point of view of the dilute instanton gas approximation. We
identify a threshold effect in the Wilson line distribution
with the onset of instantons and establish the relation bet-
ween the temperature of instanton saturation and the confine-
ment temperature. Some other details of our Monte—-Carlo results
are reported as well,

The investigation has been performed at the Laboratory of
Theoretical Physics, JINR.
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