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D. J. Gross, J!' . \V ilezek and H. D. Poli tzer have found that non­

Abelian gauge theories are "asymptotically free" [1]. Physi -

cal application of this discovery needs a solution of the prob­

lems connected first with infrared singularities of this theo­

ry and, secondly, with quark~ confinement. A number of authors 

consider the solution of the infrared prohlem to be a natural 

explanation of quark• confinement. 

It i s shown i n this paper that infrared singularities of 

Yang-Mills ' massless theory cause the vacuum state instabili t.¥. 

We come to this conclusion through analysis of one-loop correc­

tion to Yang-Mills class ical action due to vacuum polarization. 

Such an inst ability duri ng the interac tion of t he gauge · fields 

and quarks seems to caus e their confinement. 

Let us c~nsider the effective action r' for a pure Yang-

'\!ills theory. 

r='l..~d~ d4 r(n.)a.1 .. a.,..Aa., Aa..n._ 
L.- n.1 X, • · Xrt · · · -

. Jl1 .. }rt .P1 )'n. 

- sci wli) w(2) 
- Y. M. + + + . .. 

( 1 ) 
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Sci 
where YM is the classical action, w< 1) is the one-loop cor-

rection ~d w< 2 l is the two-loop correction, etc. It is evident 

from the generalized \.lord identities that the effective action 

is a gauge-invariant value for fields satisfying source-free 

fields equations 

o.& e, 
v1 G.t" : o (2) 

It is ~ecessary to use expansion in powers of momenta ins~ 

tead of expansion in powers of field A. In position space such 

on expansion looks like: 

r=JcL~x[i+1'.+l+ ~ (3) 

.i!'rom the standpoint of the gauge invariance it follows that rr 1 Ga GG\. 
invariances J :: 7f f- ~ r v 

;;::__ 
function depends only on 

"*'"' t Ga. Ca.. 
and Q = 4 f"~ f'Ya 

1-
but does not depend on cova-

riant derivatives (;.rv function depends on invariant 

combinations composed by using one-step covariant derivative 
~ ~-(;-r v etc. To calculate ";f:_ function it is necessary to 

set renormalization condition. As in manifest covariant forrnu-

lation of Yang-Mills theory used in this paper the counter 

term has the following universal form 

c. I 
z . SY.M. 

the usual renormalization conditions are 

-al 
a~ I :: -1 

i =en., r .. ) = 1:1 = o 
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(4) 

(5) 

The function - ::f. , in some sense, is . analogous 

man-Weinberg effective potential [ 2} and represents 

with Cole-

the nee;a-

tive sum of all nonderivative (covariant) terms in the Lagran­

ge density. 

Let us consider a covariant constant field 

a.t G{, 
\7p }'.J ::. 0 (6) 

,.._, 

for which ;t'_ -;!__:: .. = 0 .·rhe common gauge-invariant 
JI 

solution of equation (6) is,AJ'::-tG.fvXv-~~S- 1().f S 

where S is an arbitrary matrix in the adjoint representation 
-f 

of group. Having set the gauge condition 5 a)' 5 for SU ( 2} 

group we get [ J] 

Q. i Ay = - 2 F )'-J xv. n. o.. (7) 

where FM\/ and n(). do not depend on )( and n"" n~ ::= L 
I (( L(-"?..-<.) 

Invariances } and ~ become equal to 2 \ H - E and 

r=_ · H respectively, where E and H are defined in 

terms of F=-t'v as it is the case in QED. 

One - loop correction to classical action for the field 

(7) has the form [3]. 

-(1) f Jds ~~,S·~4es + 
~ = 2· 1G.fi22 5?> Sn(~f,S)Sih.(~feS) ( 8) 

t--~ rd.s f s · r s{S<ri(<af,s) _ si.ri(<J~eS) l 
4'.Ji 2 J s?> ~' ~ 2 sh. (caf .. s) sh(cg{,s) J 
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pc ,-;- (''" R1"-) tic. where t 1 = :f t .:,· + "J I' and 
In case of "map;netic" field '.f > O 

- ( 1) _1_ jci s 
;;t, :::. 8!ffZ S3 

9-1-f s t 
Sh(~Hs) 

422 = - :F+(T"+ .rgz) '12 
~ = O ( 8) is 

(9) 

+ _f_ r qS 
4;rr2 J s;-(~.L/~>)Si.n. ( ~Hs) 

• 

ro renormalize (9) it is necessary to use (4) and (5). The re­
><. 

eult of the replacement of the variable S . by f-~ will be: 

wh._ 

00 

- (') 4 ~ J d)( [ a.x · etc;.. ( I x.chx 'l 
";;{_, =. J-' 8jj2 x 3 Sh ( a.x) - f - 7 s h.x - s h"x ) J 

0 

°" z 
+J'\~2 J~~ {a.xsin(a.x)-~x (si11.ic txco~xJ) 

0 

A - H 
J LA. - t'~ . After the integration over X we have 

j<•):::: _ ff( CJ H) 
2 [en. (lL)+ _f J 

48Ji 2 Jl" 22 

~hus the energy d~nsity looks like 

c=- E 2 t 
Hl<;JH)z[e (~) J_] 
48Jrz n )1" t 22 

( 1 O) 

(11) 

( 12) 

having i ts new minimum outside the point H = 0 - that is to say 

the one l oop corrections have generated spontaneous symmetry 

breaking . 

-6-

~rom the standpoint of renormalization group we have the 

following result [3} 

c:i.Z ~e 
--=-
a~ "12 ( 13) 

where ~=fo(~) cl t 
In one-loop ap -

proximation the equation (13) represents t he leading logarith 

mic term in (11) and, vice versa, it is possible to calculate 

the function.J3 in one-loop approximation1>. At the same time 

equation(l3) makes sure that multiloop(three or more)correc -

tions will not change this situation2>. 
In conclusion it can be noted that on the basis of the 

above effect i t is possible to develop a phenomenological pic­

ture leading to quark• confinement. Details will be given in 

the next paper. 

The author would like to express his gratitude to S.G. 

Matinyan for his valuable critical comments, as well as to 

A.A.Belavin, V.N.Gribov and I.B.Khriplovich for useful discus-

sions. 

1) ftJ = _i_ . 3( ;~)I 
2 ()t t=o 

2) It's easy t o se e from (13) and from the result obtained in 

(4), that two-loop correction doesn't change this situa-

ti on. 
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