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1. Introduction 

During the last two years it became evident, that lattice QCD Monte­
Carlo studies are able to produce many nonperturbative, phenomenologi­
cally relevant numbers with a reasonable degree of consistency: string 
tension, gluon condensate, meson masses, etc./11. However, our under­
standing of the underlying dynamical mechanisms, in particular of the 
vacuum structure, remained still poor. Actually, phase transitions and 
narrow weak-to-strong coupling crossovers observed in different lattice 
models in dependence on the bare coupling 9o (or on the corresponding 
lattice scale a) could be related to the condensation of topological 
objects on the scale of a lattice unit (monopoles, vortices}/21. However, 
in order to comprehend the interpolation between the perturbative (Cou­
lomb-like) and the confinement region characterized by physical length 
scales one would like to identify excitations of arbitrary large size 
(in lattice units) which would survive in the continuum limit. 

Such configurations are well-known from the quasiclassical conti­
nuum approach: instantons and their "dilute gas cnnfiguratione"/JI. Their 
•••n~,..n1 ,...,.....,,.., _.:_,.. &..:"1"1 ..•.• • • , , ••• • • -
·<~r----- ....... - ................ ~ " ........ i.J.vn ~u".~.vu."""'cu tr.LLouttr oy nana. v~a an 1n1·rare<1 

cutoff 9c in the most naive way or by repulsive hard core interac-
t . /4/ 
~one - should be viewed as a physical quantity to be extracted from 

phenomenological information. Callan, Dashen and Gross (CDG} were the 
first, who tried to relate the quaeiclassical approach to the lattice 
theory proposing the determination of an effective Wilson-type lattice 
action151 • In discussing instanton effects they concentrated on the 
weak-to-strong coupling crossover and studied this in terms of the ~ 
function. The strong coupling branch of the latter was taken from the 
large order high temperature expansion for the strins tension cr (a ,g.) 
required to be independent on the lattice spacing a /6/. Viewing the 
Yang-Mills vacuum as a polarizable medium CDG claimed the instanton p 
function to be driven by the permeability of the gas of instantons, ·the 
maximum scale of which is set by the lattice constant( .Pc.~l.l. ). Really 
CDG found a departure from the perturbative behaviour at 9o~ 1 as indi-

cated also by the strong coupling expansion. However, the instanton curve 
did not smoothly interpolate between tre weak and the strong coupling 
branch, rather overshooting the latter. Thus, one had to rely on addi-

.. 

tional mechanisms coming into operation while the instanton gas were 
yet ver,y dilute (the fraction of space-time occupied by instantons being 
leas than 1~}/4 • 71. 

In a recent paper/S/ we could overcome this difficulty calculating 
the (3 function directly by renormalizing the triple-gluon-vertex in a 
momentum subtraction (MOM) scheme and taking the leading instanton gas 
correction& into account. Here, the inverse scale size 9~-~ plays the 
role of a fixed, mass-like parameter. The resulting curve interpolates 
satisfactorily between the perturbative and strong coupling branches if 
the apace-time packing fraction takes values from 1 to 5~. (This is a 
region, where dipole-like interactions between inatantons and antiinatan­
tona remarkably influence the results). However, the chosen MOM scheme 
bears ita own problema. Piret the (3 .function becomes gauge dependent. 
Secondly, we do not know what the strong coupling branch really looks 
like in this scheme. Therefore a more restrictive estimate of the packing 
fraction and of 9c , reap. hae remained impossible. 

In this paper we shall do better. We study the "Coulomb-confinement 
transition• in terme of the interaction force in between of an infini­
tely heayy quark-antiquark pair. It is related to the expectation values 

of rectan&W.ar Wilaon loopa W (T, R) extending over Euclidean time T 

and diatance R ( R«T} between the sources by 

·' -.. ·' - ..... , 
f(R)•--"'- t., WI1 1 1</·WII-AI,~-urv 

AT·AR W'(T-6T,R)·W(T,R-6~) 
(1) 

We will calculate this quantity for SU(2} and SU(J) gauge groups with­
in the 411\lt& gaa approxiaation including correction& due to inatanton 
interaction& and confront the reaults with MC data. In thia way we 
esti .. te the diatanoea up to which the inatanton gaa reaaonably desc­
ribes the foree and find the typical inatanton scale aize. The static QQ 

force preaente4 in a Couloab-like form with an effective coupling 
by 

.t 
F(R) • CF 9eg ( R) 

41" R1. 
( 2.) 

enables ~ to specify another, pbyaically 180t1vated fo function which 

avoid& gauge dependence and ia given in terma of a unique renormaliza­
tion aoheM at both weak and strong coupling. 

foe:,f~3 • 
I _,. 
i 
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On the lattice the force has been calculated recently with good 

statistics by Lang et al(9/ for the SU(2) case. In the transition region 
they established the independence of the results with respect to the 
chosen lattice action. It has been shown by Creutz/10/ that the SU(2) 
data at small distances fit well into dependence (2), if the effective 
coupling is given by the two-loop renormalization group expression 
( N; = 0 for the pure Yang-Mills case) 

9eff - 9~(R) =(flo f;r, _A_ + A £, ~ ~ ) --1 
(R!IR)~ foo (RAR)~ 

(3) 

f3o = ~ .i ( 1-1 W - UJf) ~ 4 4 ( .to { C ) 1'u1. 3 c ' ,~1 '""tm;1)l 3 3lfNc- .fONc+6 F)Nf • 

Creutz found the ratio AR /1\L , where /\1. is related to the renormali­
zation group behaviour of the bare coupling 90 (a) in the given lattice 
theory, and a recent theoretical estimate/11 1 agreed, For SU(3) the 
potential has been investigated/121 on the basis of the few available 
d t . /13/ . a a po1nts of Creutz • Thus, we dec1ded to take data of our own 
measuring Wilson loop expectation values with the help of Pietarinen's 

/14/ . . heat bath procedure • Th1s allowed to 1mp~ve the fit of the ratio 

AL./"'{S , too, 
In the SU{3) case the static force can be compared with what is 

known from phenomenological, nonrelativistic quarkoniua potentials/15/, 
Our lattice data deviate significantly from the phenQmenological curves 

for R :S • 4 fm. It baa been argued that this difference is due to the 
b f . /12/ a sence o l1ght fermiona • Therefore, we discuss our pure Yang-Mills 

data considering Wilson's action as an effective action with inclusion 
of the smallest virtual quark-antiquark loops (tantamount to a renor­
malization of the bare Yang-Mills coupling), We find that this correc­
tion does not bring the lattice data nearer to the effective quarko­
nium potential. 

In order to make this paper widely selfconsistent we sketch in 
section 2 our present understanding of the instanton gas picture. Sec­
tion 3 describes the calculation of the static QQ force. In section 4 
we shall present our numerical results and draw the conclusions. 

2. The Instanton Gas Model for the Yang-Kills Vacuum 

The inatanton gas model for the ground state of SU(•) Yang-Mills 
theories takes all tunneling& between topological distinct prevacua 
into account by considering Gaussian fluctuations around superposi-

tiona of single (anti) instantons taken in the singular gauge/31. The 
vacuum-to-vacuum transition amplitude is then represented as a grand 
canonical partition function of an interacting instanton-antiinstanton 

gas 

00 

= L. .1 
11! 

{4) 

~;,l; and R; are the scale size, the position and the global orien­
tation with respect to SU(N), reap. do(Y} denotes the single-instanton 

amplitude/16/ 

t 2Ne 1HI, 

( ~) ( 9 t\) 3 ~-4 
9o~ {5) 

The scala parameter A refers to a particular regularization scheme 
which will be chosen here in accordance with the Wilson lattice scheme. 
The corresponding /\L is related to the Paull-Villars 1\'P.v. by/

1
7/ 

2-1.55 
for {6) 

31. '31 SU()) 

The interaction potential V;n~ in eq. {4) collects all nonfactorizing 

contributions arising from the classical action, from quantum affects 
(i.e., from the multiscattering expansion of the fluctuation determi­
nants) as wall as from the expansion of the collective coordinate Jaco­
bian. At large distances dominates the classical dipole-dipole inter­

action/)/ 

only expression (7) into account in calculating the partition function. 

5 



then the thermodynamical limit does not exist because of the infrared 
divergent scale size integration. Usually one avoids this problem by an 
ad hoc cutoff S'r. • One has then to fix S'c. or the related packing 
fraction 

(b) 

from an additional dynamical information. However, this method makes 

the instanton gas model inconsistent with some low energy theorems/lb/, 
This disaster could be avoided, if one were able to identify a repul­
sive force among the contributions to V;n• • Instead of this we have put 
in by hand a hard core repulsion/4/, 

~ "" h.c. 
for (9) 

involving a "large" dimensionless diluteness parameter a1 
, Por Q

1 it 
is possible to estimate a lower bound from the condition 

BTz.. 
I vdipet• I < -2 : g.z. 

for a given instanton-antiinstanton pair of the same group orientation, 
It turns out Q1 > 6. We have ahown/4/ that the hard core induces a 
selfconsistent cut-off of the inatanton density at large sizes 

(10) 

where the r.m.a. radius 9 is completely fixed by the parameter a' 
or equivalently by the packing fraction 

(11) 

In this way the pressure (i,e.,the vacuum energy density), the gluon 
condensate and certain two-point functions of gluonic currents at zero 
~ .. ntum get the right, renormalization group dependence on the coupling 
conatant/7/, thua satisfying the require .. nts of the low energy theo-

6 

/19/ 
rems. We mention here an kdependent approach to the same problem , 
where analogous results are achieved, independent of certa1n details 
concerning the region of small distances between instantons. 

For a' values up to 0(-100) we expect that the interactions (7) 
play an important role. In Ref,/4/ they have been dealt with by means 
of a functional averaging procedure in its Gaussian approximation. One 

finds an approximate expression for the pressure 

where 

is related to the Pourier transform 
the susceptibility 'X 0 is given by 

1''X - ....1-- x.,<~) r, (~) 
o N,a-'1 1• 

( 12) 

of the instanton field and where 

Prom eq. (12) one easily deduces the correct~on to the instanton den­

sity due to dipole interactions 

Our experience with the calculation of the permeability of the inter­
acting instanton gas shows/4/ that the corrections due to the enhanced 
one-instanton distribution (13) are large compared with those coming 
from two-inatanton correlations. Therefore, in calculating the statio 
QQ force we will not try to treat them and restrict ourselves to an 

account of expression (13). Then one induces only a small error, if one 

replaces 9 by the usual. cut -off 9c. , for simplioi ty. In what follows 
we will really do so. But we want to keep in mind the relation between 

f. and a' aoo. to eq. (11 ), in order to have a better control on the 

influence of dipole-like interactions. 

3. The Static g9 Porce 

Pirat let us discuss pure Yang-lllla theory. The static potential 
for a heavy quark-antiquark system has been studied within the quaai-

/3,20/ d f classical approach first by the Princeton group • Instea we pre er 
here the force ae defined by eq. (1), because in the given ratio of 

7 



Wilson loop expectation values unpleasant perimeter dependent terms and 
2 factors depending on the cusp angles of the rectangular contour are 
cancelling out/21 1, 

The dilute gas derivation for the Wilson loop expectation value 
\.V(T, R) with T » R assWIIes 'the factorization into single instanton contri­
butions along the Euclidean time axis, 

1 

II 
'i=n 

(14) 

where the global group orientations g,(R)written in the fundamental 

representation have been taken out off the matrices 

Oo . ~ 

11(~.~) = exp(ig0 J d)('f R11•VIS (K~-llf,'i,f'~· (15) 
-00 

The trace in expression (14) factorizes after integrating over the 
group orientations. One gets 

IN (T, R) 
(16) 

where r d l, A T •( 11 I f :;' 1 /1 ,-}.:;· 0 l - ..4 ) 
w'91- J 93 Nc '' \ ~""' •. ,_"I -/ 

is a nWIIerically known function/J/, Finally, we arrive at the instanton 
contribution to the Q Q force as 

(17) 

This result must be brought together with the short-range, perturbative 
force taking at least one-loop corrections into account. the latter can 
be reformulated in t~rms of the two-loop running coupling (J) by employing 
a renormalization group analysis, 

(18) 

The corresponding ratio of scale parameters takes the values/111 

SU(2) 

for (19) 

SU{J) 

8 

_, 

where AL is defined by 

(20) 

and refers ~o the Wilson action. Our aim is to confront the total force 

F(R) = F p~ (R) T ~...rl (R) (21 ) 

with the corresponding lattice data. They can be found at a given lattice 

scale a by 

(22) 

with 

(23) 

and I »1. 

In a real calculation on a , for instance, e4 lattice one has to rest-
l"'i,..+ T<C 'lL'l +-n IPD+ T"DaarH·>a'hln ,...on~,l+n -.--- ~~- ~---------- ---------

If one wants to translate the data into physical units, one needs 
the relation to the string tension which itself is usually taken from 
the string model by 6' .. 1/ .Zii «' with « '~ 1 Gev-2 • Prom .W:: data one 
extracts 1\/-{<f by consider~ng the limiting curve ra- 00 as an 
envelope for all ratios X(I,1;9o) , which is expected to behave as 
dictated by sq. (20). Per 3U(2) we use the value of Creutz A£=,013~/101 
whereas for SU(J) we will present our own data, which will include also 
simple ratios of the type 

1 
X s (I I 3 i g.) ,., l - I - 1 

(24) 

exhibiting relatively small errors due to statistical fluctuations of 

the w•s. 
It is interesting to see, how the generation and annihilation of 

virtual pairs of light quarks can influence the static QQ force. lor 
definiteness we aasWIIe c, h, --· quarks to be infinitely heavy leaving 
three flavors of light quarks. We will not discuss here the force me-

9 



.................... -------------------------------
diated by instantons but only compare the perturbative force with the 
lattice one, Fpu~ is given by the same expression (18) with the 
running coupling (3) modified by Nf = 3 and governed by the ratio/

11 I 

49.03 for SU(J) . 

On the lattice the simplest, what one can do, is to replace the 
Euclidean gauge field action 

s "' y.M. 
~ 0 
L... T-r n,·f·" 
"if•..; 

(25) 

(26) 

( 0 "if·..; denotes the ordered product of link variables 'LI..,,f' around 
a plaquette in the )A , v plane) by an effective action which takes 
the smallest virtual quark loops into account. We start from the Wilson 
fermion action/22 / 

± L: i/(-d',j + Kf Mij)1J} , (27) 

f•1 id 

where -l, j' include the lattice site m,n colour Q,b and Lorentz 
indices )", 'IJ respectively and· where 

The hopping parameters Kf are related to the bare masses of the 
quarks and have been estimated recently as functions of 9o 1231. The 
fermion degrees of freedom can be integrated out yielding an effective 

action as 

St(l = Sy.M. + 2: T-r &. ( l- 1<1 M) (29) 

f 
= sy.M. + 

~ 

.L: 2 ~<r L. ,..,.. 
on,.,+ ... 

f "'f•-9 
I ' 

Thus, in the lowest approximation of the bopping parameter expansion we 

can carry out a pure Yang-Kills calculation with a renormalized coupling 

10 
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1.0 

.10 

.01 

• - ln \o/(1,1) 
• ")( (2,2.) 
• 'X (3,2) 

• X C~,3J 
• 'X. (lf,l) 
• X (5,2.) 

• 
• • • 

• 

0 -x,C-«,!) 
A 'X,(of,lt} 
a 'X1 (4,S) 

v ?Cs(t,lf} 1 

~ ~.(U) 
I" I" 

,g 1.0 1.1 
- ·-· -L..-. ---&..-.__I.-. _,L.-..- ,l,_ 0-. _,__ 

1 f.l a -;;r g 

Pig. 1. SUO) II: data for the ratios X 1 'Xs ace. to eqs. (23) • 

(24) 1 reap. 
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- (30) 

For 9o-~ ~ .90 which is the interesting region for us in the SU(J) case 
there are upper bounds/23/ k'l.t=-k'd~·194, Ks ~ .1b3 yielding a small shift 
~ ~ .0079. We will use this constant shift for determining the ratio 

1\ ~t~ /1G"" • 

4. Results 

First let us discuss our numerical Monte-Carlo results for Wilson 
loop expectation values for the SU()) gauge group. We applied the heat 
bath procedure of Pietar~nen/14/ to a e4 lattice with periodic boundary 
cond1t~ons. The data for the ratios (23) and (24) are shown in Fig. 1. 
Only those data are included for which reasonable statistical errors have 
been achieved. In order to give an impression of their magnitude we 
have quoted them at several points. For values g;Z ~ 1. 0 we took averages 
over 20 ••• 25 sweeps after reaching equilibrium. For g.-z=.95 and .90 the 
number was considerably larger (27 and 44 sweeps, reap.). The straight 
lines I, II and III show the behaviour of the string tensionQzo accor­
ding to eq. (20) for N(=O. They corraspond to ratios 1\Lf(& • .005, 

.007 Anrl .004; T'RR!'Ar.tivAly. f)ur nRta. in narticular f.or the AIDBller 

loops known with sufficient accuracy, exclude values 1\1./"'{a £,006 and 
favorize a value 

1\L ::. (. 001 i:. .001) 1{&, (31) 

being in coinc1dence with the Pietarinen's one/141. By dashed-dotted 
lines we marked the small scale shift on the g;~ axis due to the re­
normalization (30) in the case of three light quark flavors and the 
corresponding renormalization group behaviour for the string tension 

(curve l'1 A~4 ,. 3 /~ =,0015, curve Il'1/\~f"3/~ ... 0020 ). We would pre­
fer here 

;\~f'3 - (.0018 ± .ooo3) [if. {32) 

Now let us turn to the discussion of the static quark-antiquark 
force. On Pig. 2 the corresponding curves are shown for the SU(2) case 
( Nl•O ). We compare here the pure perturbative (Coulomb) behaviour 

12 

10 -

.2 .4 .6 .8 

a':4Q 
65 
11 0 

RN' 
Fig. 2. The instanton mediated static QQ force in the 

JU (2) (Nf •0) case for different diluteness degrees. 

F~l ~ \ \ 

su {3) 

.1 .2 .3 .4 tm 
Pig. 3. The static QQ force for JU(J) ( Nf•O). The MC data for 
1((4,2), ~(5,2) are represented by crosses and dots, rea~. 
Curve II shows the phenomenological force ace. to Ref./25/, 



ace. to eq. (1L) (curve I) and the 1nstanton corrected expression (eq. 

(21)) with a fit (curve II) to data·taken by Lang et al~9/ on an a4 

lattice for the rat1os (23) with I= 4,5 and J: 2,3. There is a clear 

distinct interval for the diluteness parameter Q
1 

, such that the ins­
tanton mediated force can be put into agreement with the lattice force 
up to R1G ~.45. Ace. to eqs. (b) and (11) o'= 65 correaponds to an ins­
tanton scale 9, fo =.50 being slightly larger than the correctly descri­
bed distances be tween the quark-antiquark pair. This "optimal" Cl

1 value 
is related to a packing fraction f. of 2%. 

A similar picture arises for the SU(3) gauge group. Here the drawn 
Coulomb force (curve I) and the instanton corrected ones for two dilu­
teness degrees have to be compared with the data points obtained from 
the ratios 'X (4.2), X (5.2) (see Fig. 3). Within their error bare 
the pointe show a remarkable independence of the time-like extension of 
the Wilson loops. 
We conclude that the instanton gas is in a good shape with the lattice 

results for 40 ~ Q1 ~ 65. This is tantamount to .0047 ~ ~,AL ~ .0045 
and 4% ~ {o ~ 2. 5%. At this diluteness degree the dilute gas appro­
ximation is intact, if dipole-like interactions are really taken into 
account. That they yield a non-negligible contribution can be seen from 
Fig&. 4 and 5 where we show the (3 functions 

03) 

in the cases with instanton interactions (lla) and without interactions 
(lib) compared with the perturbative two-loop behaviour (I). On the cur­
ves we have marked points corresponding to those distances up to which 

the instanton mediated forces follow the lattice data ( Rfo a.. .45 for 

SU(2), Rl\,_ a. .004 for SU(J)). It is interesting to compare the ,1 func­
tion defined by eq. (JJ) with the one we have found considering tm triple­
gluon vertex with inatanton contributions/Sf. In both schemes the curve• 
reaemble each other in their shape. In the achema chosen here the depar­
ture from the perturbative behaviour is ahifted to somewhat larger 

coupling. 
Having determined the dilutenees degree of the inatanton gas within 

~e above-mentioned limits we would like to aak whether other quantities 
can conaiatently be Aeacribed. !he moat interesting quantity in this 
reapect ia the gluon condenaate/24/ 
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Pig. 4. The instanton driven ~ function 

for SU(2) ace. to eq. (33 ). 
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Pig. 5. All Pig. 4 for SU()). 
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For instance for a'~ 63 we find ace. to eq. (31) for JU(3) 

05) 

which might be an acceptable estimate within the given error. 
For the real case of the colour group SU(3) there exist a lot of 

competing phenomenological potentials successively describing the char­
monium and bottonium spectra/151. They agree very well at distances 
0.1 fm ~ R £ 1 fm. For defini teneas we have shown in Pig. 3 the potential 
of the Cornell group/25 / (curve II) with the uncertainty due to the 
error in eq. (31). There is a striking disagreement with the lattice 
data seen up to R ~ .4 fm. Can the inclusion of light fermion& sub­
stantially improve the situation? At least in the lowest approximation 
of the hopping expansion as given by eq. (29) we have only a negative 
answer. Pig. 6 shows this clearly. The lattice data at small distances 

F(RJ f t • 
Af 

SU(3} 

.1 .2 .3 • 4 

16 

RA1 

Pig.6. The static QQ 
force tor SU(J} with ap­
proximate inclusion of 
light quarks. Curves I 
and II show the Coulomb 
force and the phenomenolo­
gical toroe/257, reap. 
The data points give the 
ratio ?((4,2} corrected 
tor charge renormaliza-

fm tion (30) • 

fit well into the perturbative behaviour ace. to eqs. (3,18,25) estab­
lishing the correctness of the ratio (25). Of course one could hope for 
the influence of higher corrections in the hopping expansio~. This, 
however, seems to be in conflict with the recent success in calculating 
meson masses within the truncated/23/ or "quenched" approximations/261. 
More likely there is another interpretation, that phenomenological po­
tentials - at least at small distances - are not related to the inter­
action energy of idealized heavy quarks at all/241. In accordance with 

the arguments of Ref / 24/ we see that the static Q Q force tends to agree 
with quarkonium potentials for R ~ .5 fm. However, at such distances 
instantons are not relevant any more. 
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HnbreH$pH~ 3.-M., M~nnep-npo~cKep M. E2-82-473 
CraTH4ecKaR cHna Me>KAY KeapKaMH c T04K11 JpeH11R 11HCTaHTOHtloro raaa 
H 411cneHH~X pac4eToe Ha pewerKe 

npeACKaJaHHR pac4eTOB no MeTOAY MoHre-Kapno Ha peweTKe AflR CTaTI14eCKO~ 
CHfl~ Me>KAY KBapKaMI1 cpaBHHBd~TCR C peaynbTaTdMI1, nony4CHH~MI1 B PdMKaX MO­
AenH HHC TaHTOHHOrO raaa, 11 onpeAenRe TCR THn114HbiH paaMep HHCTaHTOHOB. npeA­
CTaeneH~ AaHH~e AflR paJH~X COOTHOWeHH~ BHflbCOHOBCKHX nerenb B cny4ae SU(3) 
AflR HaTR>KeHHR CTpyHbl H $HKCHpoeaHO 3Ha4eHHe ,\ Latt = (0, 007.:!:_0, 00 I) \I7J. HHCTaH 
TOHH~e nonpaBK11 K nepTyp6a~HOHHO~ CHfle OKa3~Ba~TCR cy~eCTBeHHbiMH AflR AOCTH­
lKeHHR cornacHR c nony4eHH~MH nyTeM pac4eToe Ha pewerKe AaHH~MH e o6nacrH 
ManbiX paCCTORHH~ ·AD ::: . J <iJM. npHBOARTCR apryMeHTbl B nOnb3y ·roro, 4TO 
oTnH4He AaHH~x e aro~ o6nac111 or aHa4eHHR c11n~. HJeecrHo~ 113 ¢eHoMeHonorHH, 
CBR3aHO C nOHRTHeM 6eCKOHe4HO TA>Ken~X KBapKOB, HO He C npeHe6pe>KeHHeM 
BHpTyanbH~MH KBapKOB~MH nernRMH. 

Pa6oTa B~nonHeHa B na6oparopHH TeopeTH4eCKO~ $H3HKH OHRH. 

Ilgenfritz E.-M., Mueller-PreuOker M. 
The Static QQ Force from lnstanton Gas and Numerical 
Lattice Calculations 

" ~ 1-\:J VMCJ 
• .... n ... 
I;JVL 

E2-82-473 

From the comparison of lattice Monte-Carlo predictions for the force 
between infinitely heavy quarks with the instanton gas results in the cases 
of SU(2) and SU(3) the typical instanton scale sizes are determined. We 
present our SU(J) Yang-Mil Is MC data for different ratios of Wi I son loops 
and establish the value AL. (0.007±0.001) v'O for the string tens ion. The 
instanton mediated force follows the lattice data inside a smal )-distance 
region (up to :::.Q.) fm), where the data obviously disagree with the per­
turbative as well as with the phenomenologically kno~m QQ force. We argue 
that the disagreement with the latter is connected with the idealization 
of quarks at rest rather than with the absence of virtual I ight quark pairs. 

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

Preprint of the Joint Institute for Nuclear ~csearch. Dubna 1982 
~------ --------~ 


