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The problem of quantiz"ation of Yang-Mills theories in the 

stochastic quantization (SQ) scheme of Parisi-Nu /1/ discussed 

in Refs,/2-5/. The results of works /2-4/ can be formulated as 

the following sequence of operations: 

1. The Yang-Mills fie:J,d A;(:c, t) iB determined as r.i func-

tional of the external source J~(x,t) by the equation 

~Set 
(\A;c:r,t) -t oA~cx,t) t o;'u'<A) = );cx,t) 

< 1 l I 

where :X:. is a four-dimensional coordinate. t -additional 

time,~ct.-Euclidean classical Yang-Mills action, tl -arbitrary 

functional of A.~ . 
2. The stochastic average of a gauge invariant functional 

~1 (A) is determined by the formula 

<. ~1 (t))J = 5 fc"1 (A:J)exp-~JJ.o/t 2>J (2) 

J.The limit of eq,(2) at f ~ 00 is independent of the 

functional 1J"" and equal to usual quantum average ( F)Q. of the 

gauge invariant functional F with due regard for Faddeev-

Popov ghosts: 
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tiW\ ( f,..(t)) = < F. >. 
t~a> - :J Gt Q. 

(3) 

In eq.(1) the tern .C}.1/ actually fix the gauge, but the Faddeevt­

Popov construction is absent. 

Our purpose is to liberate eq.(1) from ~2l term, i.e. 

we begin with naive Langevin equation 

at A er. <x, i) .,. tSct = ) ct (r, t) <4> 
" ~A~ c~,t ) "' 

./e will prove that instead of A.::r in eq. (2) one can put the 

solution eq.{4) with zero initial data: · 

A~{x 1 0)=0 
( 5) 

and then eq.(J) holds for such a solution. This means that 

the singularities, which exist in the limit t-. DO tor aon­

gauge invariant functionals if one starts from naive Langevin 

eq uation (4), cancel in gauge invariant functionals, and the 

Faddeev-Popov contribution arises automatically. 

Note, that one can't put U=O in eq.(1) to obtain our 

result, because there are singularities in stochastic average~ 

in the limit 

A similar problem is discussed in Ref./5/,' where it is 

proved by means of obvious calculation that eqa.(4.), (5), (2), 
. c-2. 2. 

(3) give usual quantum average for 'P'I in 8 approximation. 

Note, that eq.(5) actually fixes the gauge under t-inde­

pendent gauge transforma~ions. 
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T~rn now to the proof of our statement (eqs.(4), (5), (2), 

(3)). Latent supersymmetry, inherent in the SQ scheme, plays 

an(\ important part in our proof. To make this supersYl!lllletry 

evident we will pass to the superfield formalism of SQ /6-8/. 

Begin with cutting the additional time at .,- and put the fol­

lowing conditions on :J i 

:Jtt (X T) = 0 I' , (6) 

Then we will take the limit,. ~00 . The stochastic average 

of a gauge invariant functional defined by eqs. (4), (5), (2) 

onu can express in superfields /7/: 

<fr (T>)::s :: 5 ~1 (A/Tl)exp-$(~) ;l> lf,, (7) 

where 

pct = Aa + Bw 4
.,. wet 8 + Of)CI'" 

JI /' Tµ 11' 

T -
5 = J £.(Cf.)olto/Bc/() 

0 (8) 

;i1. 0 aerP) = ~er~) - PlJ8Je + e 00 Jt) P 
~ is the Euclidea~ Yang-Milla Lagrangian. Four dimensional 

integration is implicated in action in eq.(8). Later on, iso­

topic indices of fields are omitted as well for simplicity. 

The following boundary conditions for functional integral 

(7) come out of eqs. (5), (6) and the reality of action in the 
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exponent of eq,(7) 

Al'(D)::: 0 
(9) 

'f'Jl(O) = 'f. {T) = ~ (0) = ~ (T> :=O 
r I" I' I' 

C.!t (Tl-= 0 

Functionals F and$ in integral (7) are invariant under 

the t , () , jj" independent gauge transformations: 

<P. ~ n.-1 <P. 52. + 52 -\3M S2. 
J' /" I 

( 10: 

It follows from (10) that we can put the following condi -

tion on the first component of </>I' at fixed point over l 
(fdr example at t:: T ) : 

l>~A14 ( T) ~ 0 
rhis is achieved by means of the Faddeev-Popov trick due to 

which the following expression for integral (7) is obtained: 

<~in~::: f f~iA/Tl)~(a"Ar CTJ)l1F/A,. ff))e(p-.5f~l~f,, c 11 ) 

where .1FP is the Faddeev-Popov determinant. 

The boundary condition ·for A/J in eq, ( 11 J now is 

A/O) == Sl.-1Cx) C>fl Sl(x) c12) 

where ..52. is arbitrary matrix of gauge transformation (actuallJ 

t here is an integration over ,Sl (:::C) ) • The boundary conditions 
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for the other components of cfJf remain the same as in eq,(9). 

Let us introduce a production functional for the calcula­

tion of averages of the type of (11): 

Z l ",.) = 5 oC a.MA,J T>MFPCA,. (T))exp-!ottJAi~at'/~J+ H,. 1;c )~~ 
( 13) 

H
14

-= 09d°{t-T>h,,_{x) 

rhe boundary conditions of integral (13) coincide with those of 

(11), i.e. 

A" to)= .Q-
1 ~,.. Q 

( 14) 

r.ro> = 'lCT)= ~to)= tp(T)= o 
" '/l .,. ,. 

C
1
/T)= 0 

Let us introduce, just as in Refs, /9,10/, one-parameter 

production functionals ~A with the same boundary conditions 

( 14): 

z'nr \= JdCa}'A,,.(TIU\F,J~<TJ)e~p-Jc1uQ/i{cl..\f4J)i-H,., f,. )ff>~ 

:t>r~) = {A-rU->.)BBJtt-Tfj~{tp) ( 15) 

At )...:: ~ we have 

z i ( h,,.) = z { h,J ( 16) 

At A=O we have 
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Z0(4c)=f~OµJ'(TJ)AFP(A14(fJ)e.xp-(~/T)t-A14A1lT')J>A/0 
( 17) 

Z0
( b ) = Z F P( h ) '/' .,,. 

i.e. ~0coincidee with usual Faddeev-Popov production functio­

nal, We will prove that z) in the limit T-.. ()() will be inde+ 

pendent of A , and hence, from eqs.(16), (17) the desired equ+-

tion will follow: 

lim 2(h,.) = zFP(h
1
J 

T-..oo 
,et us calculate the following quantity: 

~&2~= - SrJtJBJB({-G()°d{t-T))(~{~J.) 
aA.- o ). 

The production functionals ~ are invariant under the 

transformation: 

t-+t-{)£ 

fJ_,,, B + £ 

( 18} 

( 19) 

super-

(20) 

Owing to this, (.>f{~J)in eq.(19) depends on t,()1 {j onl7 

via the invariant 1: : 

t:=t-t-BB 
( 19) reduces to Then eq. > 

i'€nZ)I __ <.£(</)) t.=8=-°B==O - -o>. (21) 
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The source term in(~{~)) acts at time T and in the limit 

"'f" ~ (y:J the right-hand aide of (21) becomes independent of 

h , because the source acts at infinite time distances frorr 

" the instant t:: 0 • Thus in the limit T-=> ~ the right-hand sidll 

of eq. (21) is proportional to 

~ f~{~(ol)d"Ca .. ~,iTl)fl~P(A1.(f1)e)'p-$ ~\;z>~ ~Sl c22> 

where 

N== fFCo14A,,CT>)L1FP(A1.(T>)ell.p-S',\ cl)~14 '2;.Q 

In eq.(22) we have written out the ~(a:) i~tegration mani~ 

~eatly. Let us make the inverse to eq.(10) gauge transformation 

Ln eq.(22). The "gauge fixing" terms disappear and we return 

rrom boundary condition (14) to original ones (9). But on the 

Joundary conditions (9) 

( Jf {~))t=9=B=o ::: O 
so the right-hand a.ide of eq. ( 21) in the limit T ~ex> is zero 

and the desired eq. (18) is proved. 

Thus the naive Langevin eq.(4) together with the initial 

data (5) give usual quantum averages for gauge invariant func­

tionals. 

Eqs.(4), (5), as distinct from eq,(1) are easy to extend to 

the non-abelian supergauge theories. It is sufficient to rep -

lace A. and the action in eqs.(4), (5), (2), (J) by the 
~ 

superfield and superaction, respectively. 

9 



The author is indebted to S.G.Matinyan, R.Mkrtchyan and 

A.Sedrakyan for helpful discussions. 
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