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L’ Nowadays, Monte-Carlo lattice calculations are the most po-
werful tool for quantitative studies of nonperturbative effects
in. gauge theories. Many phenomenologically relevant numbers
have been computed in this way: string tension, glueball and
a few meson masses, etc. Of special interest are studies of
those quantities which characterize the vacuum state, in par-
ticular, vacuum expectation values of composite gluon operators.
The latter can be calculated in a first approximation within !
pure Yang-Mills theories leaving the discussion of virtual quark
loop corrections to the next step. The most familiar quantity
in this respect is the gluon condensate/1/

§ - < 2e-Gp, Q> ~ 012 Gev™. )
All methods Used until now to extract this value from MC lattice
data rely on the expansion of Wilson loops - in the following

rectangular ones of size laxJa - over expectation values of lo-
cal operators/Q/

2 4 2 4
WID=atl - —Z__(G/A" (1) (aA
2N o 3 /A0 ()7 (aA )+ 52)
where perturbative corrections due to-‘virtual gluon exchange
have been neglected for a moment and where the lattice scale
is thought to satisfy the renormalization group behaviour yith
respect to the bare coupling ga
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There are essentially two strategies followed by different
groups. The first one/3 % uses the one-plaquette average action
values and subtracts the perturbative tail expanded up to some
powers of the bare coupling. The second one/56/ takes into ac-
count Wilson loops of different sizes presented in terms of the
ratios

W(,J) W(l-1,J—1)
W(I-1,J) W(I,J—-1)

This way is superior, because somehow larger loops will exhibit
a non-perturbative signal more pronounced than single plaquet-
tes. Moreover, the ratios (4) allow one to apply continuum per-
turbation theory methods and therefore to "optimize" the pertur-
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bation expansion in a renormalized coupling g j- Unpleasant pe-
rimeter terms as well as Z factors associated with the corners
of the loops cancel out and the one-loop coefficient does not
depend on the renormalization point chosen. In Ref/6/ SU(2) da-
ta have been investigated and the two-loop expression with an
appropriately adjusted effective A parameter has been suffi-
cient to end up with an encouraging fit.In contrast, the low
temperature expansion for the one-plaquette expectation value
in B2 required three additional coefficients to be fitted to
the data points in order to get a reliable result/%/.

For SU(3), to our knowledge, there exist only first, very
rough estimates’/ %7/ undertaken on the basis of data collected
by Pietarinen/8/ and Creutz/9/. Recently we have obtained own
data for the case of SU(3)/10/on a 8% lattice for Wilson loop
expectation values applying the heat bath iteration programme’/8/.
In the meanwhile we have improved their statistics near the
weak—-to~-strong coupling crossover so that averages over 20
sweeps (for g;z = {,20) up to 60 sweeps (for g2 = 0.90)are avail-
able’ by now. Therefore, it seems to be justified to repeat the
analysis of Ref./6/ for the SU(3) case. The expansion (2) rests
on the assumption that apart from perturbative fluctuations the
gauge field varies slowly along distances comparable with the
loop size. Therefore, the loops to be considered here should not
be too large compared with the correlation length given by the
lowest-lying glueball mass gap. In practice we restrict oursel-
ves to loop sizes L J = 2,3,

The two~loop corrections to Wilson loop ratios have been cal-
culated in Ref./6/ applying dimensional regularization in X -
space and by subtracting the singularities within the MS scheme.
Thus the first two coefficients of the expansion in powers of
the renormalized coupling are known
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K2 K depend on a scale which is conveniently chosen from
a quadratic reference loop of size L, .The numerical values we
need in our case are for convenience recollected/%/ in the table

1xJ K K? for Log=la K@for Ly=yTa

2x2 0.0881 -0.00556 ~0.00556

2x3 0.0612 -0.00227 -0.00400

3x3 0.0291 *9.00118 ~-0.00118
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In order to compare with lattice data the renormalized coupling
must be reexpressed through the bare coppling g,
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The ratio A/AL turned out in the given scheme to be 25.7. The
authors of Ref./®/ have checked . that the coefficients of
,the resulting expansion in gg up to two loops are very close

to those calculated directly within the lattice low temperature
expansion. However, we can easily convince ourselves that the
perturbative series in powers of the renormalized coupling bet-
ter describes the perturbative background seen in the MC data.
Nevertheless, a reasonable fit needs the variation of a further
parameter, which could be A/AL or K3 1n fact, we have fitted
the expressions (5) simultaneously to all our data for the
three mentioned loop ratios. Using the standard procedure FUMILI
for minimizing y?2 and adopting L0=¢ffa we have obtained the
following values:
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for K = 0 fixed, G/ At = (2.27+.14)- 108 (A)
with IxJ 2x2 2x3 3x3
A/AL] 60+4 47+8 18+18
for A/AL = 25.7 fixed, §/A} = (1.61+.22).108
with IxJ | 2x2 2x3 3x3 (B)
k3 1 o.00121 0.00059 0.00006
+0.00012 +0.00015 +0.00023

For Ly=Ia we found the same results within the estimated
errors. All these fits ended up with a X2 value per data point
of the order 0.5...0.6 and a confidence level of more than 807%.
The behaviour of the fitted curves (for the case (A)) is shown
together with the corresponding data points in the Figure. For
comparison, the pure perturbative behaviour has been drawn, too
(cf. dashed lines). The small values and large standard devia-
tions. for the fitted parameters A/Apand K(3 in the case IxJ =
= 3x3 indicate that for larger loop sizes the perturbative tail
is well-described already at the two-loop level.

Really, we have tried to fit also the ratios X (2,4), Xx(2,5)
to the available data. These fits show the tendency to lower
the gluon condensate remarkably. Since the 1loop sizes
obviously violate the tacit assumptions leading to expansion
(2), we did not consider them further. Using the ratio A =
= (L007+.001)V5 extracted in Ref. %/ and y7 = 400 MeV  the
ITEP value for § is translated into units Ay, as

G/ AY < (1.9+1.1)- 10,
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X113 The result of our simultane-
ous fit (A) of expression (5)
to the MC data for the ratios

X (2,2), X(2,3) and Xx(3,3).
r The dashed lines indicate the
corresponding perturbative
bL tails.
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Thus both fits (A) and (B) are in a very good shape compared
with the phenomenological value.

It is often argued that the inclusion of virtual quark loops
would considerably suppress the gluon condensate found in pure
gluodynamics. From an investigation of the Yang-Mills data,
including light quarks within the lowest order of the hopping
parameter expansion, i.e., on the basis of an effective one-

,plaquette action, we expect, however, only small corrections/10/.

The results of our fits of the gluon condensate to MC data also
point out in this direction.
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U3 MOHTE—KApJIOBCKHX [AHHBIX [JIA COOTHOWEHHi KpoiTua mis
BaKyyMHLIX CpeJAHHMX NeTefb BuiibcoHa HaWHeHO 3HAa4YeHHe IJI0OHHOTO
KoljgeHcara B ciyyae Kamubpopounoi rpynmsl SU(3). Pesymbrar
xopoio corjiacyercsa ¢ dbeHoOMeHONIOTHeH,

PaBora BeimonHeHa B JlaBopaTopuu TeoperHueckoi ¢usuxu OWIH.

NipenpunTt 06begUHEHHOFO MHCTUTYTa A[EPHBIX uccneposanuit, fly6ra 1982
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SU(3) Gluon Condensate from Lattice MC Data

The SU(3) gluon condensate is determined from a fit to
the Creutz ratios of Wilson loop expectation values taken
from new Monte-Carlo data. The result agrees with the pheno-
menological value very well.

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