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1. Introduction 

~e proble::i of stochastic quantization of the Yang-llilla 

theory in the sche::ie of rarisi--,fa [ 1 ] has been discussed in 

(2-5]. Resul•s of (2-4] may be formulated in the following seq-

ience of ope:::-ations: 
It 

1. Let us solve ami find the Y&Il6-llills field A,Jx,t) 
as a functional of the source J~ (:c, t) by the following equa­

tion: 

atA~(x,O ~See .. --
~A~c~.t} ( 1.1) 

a.6 I 4 1t 
+ D/'4 V (A)= ..J,._(x.,t> 

•here OC is the four-dil:lensional coordinate, t is the addi-

tional time, .Sc( is the 3uclidean classical Yang-Kills action, 

1f is the arbitrary functional of A~ 
:J . 

2. Let us substitute the solution of eq.(1.1) A ~ lll •the 

g&IJ&e inTariant functional ~/A) and anrage it . over J 
... Ullin& that J ia dist..ributed as white noise: 

< ~1 (t)>:>= S~/AJ)e,.p-S::s
2c1t .:iJJ .c 1·. 2 > 

J. In the 11.ait t - 00 eq.(2) ia independent of the 
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functional L' 
functional F 

and yields the standard quantum average o! the 

with regard to the ?addeev-Popov ghosts: 

t,.., < ~r ( i l >~ = < ~r >. 
t-.ac a. 

(1.)) 

In eq. ( 1. 1 ) the term D,.. U actually fixes the gauge. 

However, ghosts in this scheme do not emerge. 

Our aim is to free eq.(1.1) from the ten:i D,.U 
to begin with a naive Langevin equation: 

~A;cr,t) + ~:~ = J;(x,t) 
oA,.cx,t) 

i.e . 

(1.4~ 

we will prove that solv1ng eq.(1.4) with the condition 

A~Cx,0)=0 ( 1. 5) 

and later on, acting in accord with points 2 and 3, we obtain 

the standard qu.ant-..i:n ave!"!iges for gauge invariant functionals, 

i.e. eq.(1.3) occurs. ~ si.l:lilar problem has been discussed in 

5 , where it is proved by ~eans of explicit calculations tta ~ 

using the E.bove ::iethod in ~ 1 approximation for the operate,~· 
ct r .._ Fl"" r

9
:- one obtains the standard quantum theoretical-pertur-

bation average. 

~;o-e :hat eq.(1.5) actually fi:xes the gauge under -de-

pence::: ~~ge ::=-ansfo:r-...ations but does not complicate the Lan-

D ' geV:.n equation W:.th an additional te:!i:l ,....L 
:~e stcch~stic c;ua:::itiza~ion of N = 1 abelian supersym­

=et=io theories bas been discussed in [6,7). 

::: [71 :be c;i:.antization is perfo=ed in the superfield 

:c=po::ents a:::id in [6] - in the superfield formaliSI:I. ?or the 

N = ; abelian supergauge theory the following result is o~ 

:ai::e:. i.n [ 51; let us write the La::igevin e;:;.e.:io:l fo= the ga:i.ge 

4 

s11perfield <f'[x, t,«, ci) that depends on the additional time t 

at cp + ~; -t o1.-~(0D)~tp = ;J(x,t,«.,;i) c1.6> 

where D, D are the s11percovariant derivatives, f> is the 

s11peraction continued to the E11clidean space by the rule 

F11rther, acting in accord with points 2 and 3, we obtain 11s11al 

q1.1antum averages in the d.. ga11ge bv~:: for ga11ge invariant func­

tionals and Green functions. In this paper we disc11ss also the 

N a 1 nonabelian s11pergauge theories. It appears that the re­

sult obtained for p11re gauge theories (eq.(1.5)) is generalized 
r ,\ , 

for the supergauge case. As a result, the naive Langevin equa-

ti on 

~ t+.« 'OS 
"t 'f + - - ""'(~ ~~<t - J 

with a zero initial condition 

lfl4.' - 0 T t=O · 

(1.7) 

( 1.8) 

;yields standard quantum averages for gauge invariant functio­

nals. Th11s, Faddeev-Popov ghosts are automatically taken into 

account. 

This result is valid in the abelian case as well. In this 

case, due to (1.8), we get rid of the third term in the left 

hand side of eq.(1.6) and obtain standard quantum averages for 

gauge invariant functionals (from (1.6) we have obtained also 

standard · Green Functions in the ci. gauge). 

2. Gauge theories 

Equation (1.4) with the initial condition (1.5) may be 

solved by the perturbation theory r5J. The solution will read: 
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A:: G-J + sGV(G'J)C<,-..>J + g2 Er v{GV(6'J HG"JJ~CG'"3) + 
+ s'l,V(C1l{,VU;1)(G'3)~ + s~W(G-'1)(G."3){&'1)+"• <

2
•

1
) 

where G is the zero order Green function of eq.(1.4): 

G.O:,t~t'>= {(~,..v- k,..k")e-k'Q.lt-t't+ k,..l'v~e{i-t') <2 • 2 ) 
k~ K'l 

andV, ~ are the three- and four-point vertices, respectively 

(see (5] ). 

The solution (2.1) may be presented graphically: 

A·~·~+~+~·~+··· 
where 

·"'VV'- = G-
l( :: :s 

It is proved in ref. [5) that making use of the stochastic 

method (1.2), (1.J) in 3:J.. approximation for ~~('X) FJ:o-~('X) 
we will obtain a standard theoretical-perturbation average with 

account of Faddeev-Popov ghosts. 

In the present paper we will prove a more general state­

ment formulated in the introduction (eqs.(1.4),(1.5),(1.2), 

(1.J)). 

Turn now to the proof of o~ statement. The latent super­

symmetry, inherent in the stochastic quantization scheme, plays 

an important role in our proof. To make it explicit, we will 

pass to the superfield formalism of the stochastic quantization 

[a,9,10]. Let us first cut-off the additional time (denote the 

cut-off time via T ) and assume that the current 'J on T 
passes into zero: 

.:J;cx,T)=O (2.J) 

We then take the limit T ~ <::t:J 
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As is done in (9), the stochastic average of the gauge 

invariant functional at the moment 1" , calculated by eqs.(1.4), 

(1.5),(1.2), may be represented in the superfield form: 

< F~rCT>~ = ~ ~/ A~(T))exp- S(cp)4Jc/>JA. (2.4) 

where 

cp; =A~ + 9ra. t- ra. e t- eec; 
r I" /J. 

T . 

5 = ) '£('P)rJtrJBclB 
0 

et{f) ~. ~ce «P) - <p(a:;e t-& le dt) f 
(2.5) 

~e is the classical Euclidean Yang-Mills Lagrangian. In the 

action a four-dimensional integration is also implied that is 

omitted for briefness. Later on we omit also isotopic indices 

of fields. The follwoing boundary conditions that follow from 

eqs.(1.5) and (1.6) and
0 

the reality of the term ~ qidt r«t 
from the action (2.4), are imposed in the integral (2.4): 

Af (0) = 0 

lV, <O)= If". (T}= ~ (O)o: ~ (T)=O 
,,. ,,. tA. ,,. 

(2.6) 

c,Jn = o 
The integrand in the functional integral (2.4) is inva­

riant with respect to gauge transformations independent of t 
e. e: 

~,,. ~ si-1 Cl',. Sl + sz-{ ;;~ si (2.7) 

This implies that one may fix the gauge only in one point in 

J.et us impose this condition at t = T 

FCA,..CT>) = 0 
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This is achieved by means of the Faddeev-Popov trick. As 

a result, eq.(2.4) may be rewritten as 

-St<PJ 
< ~IITU = s ~JA,.CT>)d(F(A,..( rn)flFp(A,..Cn)e 2J,,.. 

l . 

(2.8) 

where /1FP is the Faddeev-~opov determinant. 

The boundary condition for A~ in the integral (2.8) 

chanpa as compared to (2.4). Now A,.(Ol can take gauge va-

luea: 
A,.to> = .si-l d,-. SUx> (2.9) 

where S2<x) is the arbitrary matrix of gauge transformations. 

The boundary conditions for the remaining components of ~ 

are the same. 

Let us introduce a production functional for the calcula­

tion of averages of the type of (2.8): 

z<~,.cx>l =Si<F<~cnni\:p( A,.(n)exp-f rJttJ8rilet~tfJ +fl,,,,._ ).V~ 
H,..'"" 9DSH-T)h""lx1 (2.10) 

The boundary conditions of integral (2.10) coincide with 

those of (2.8), i.e. 

A tO) = 52-1 Cl Q ,. .,. 

'1-'(0) = 'f'(T) = 'YlO) = o/CT) = 0 

c,.. (T): 0 
(2.11) 

Let us intriduce, just as in refs.[11,12], one-parameter 

production functionals ~~ with the same boundary condi­

tions (2.11): 
T . 

z"<~,..) -:~'d(Ff A,.(nl\~Fl A,,<n)exp- ~dta&dD(~~t~J -tH,.. ~);I),,,. 

8 

.;t>'{~) : [) + ( 1-}.) D()d'{i-T\] £(4J) 
(2.12) 

At ).. • 1 we have 

z 4( ~,.) = z (Ii,..) (2.13} 

At ). • 0 we have 

Z
0 = ~~CF(A,.(T>l)AFp(A,..(T))exp-(£az (,4,.(Tl)t- h,..A,.JTI).i>1'(TJ 

Z o ( ~,..) = Z F"( Ji,..) (2.14) 

i.e. "Z.0 
coincides with usual Paddeev-Popov production func-

A 
.tional. We will prove that Z in the limit T-oo will be in-

dependent of A , and hence, from eqs.(2.13), (2.14) the de-

sired equation will follow: 

. . a_, . 7.( It ) = Z FP( h ) 
T__.CO l4 .,. (2.15) 

Let us differentiate & Z >. w1 th respect to A 

~~ = - SJtcJedi"t1-0oo-tt-T))<£ffJJ> c2.16: 
'H o 

The production functional z>- with the boundary condition 

{2.11) is invariant with respect to supershifts: 

t~ t-0£ 
B ,...() 1-f 

(2.17) 

The only form that is invariant with respect to these transfor­

inations is 

"t" = t • ~e 
i.e., e.g. ( £(~) > in (2.16) is a function of 't' and, 

therefore, (2.16) may be transformed as follows: 

~B~ ,,, - < if{f))t=tJ==s=o 
q). (2.18) 

The source from the averaging (2.18) acts at the moment T, 
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therefore, at large T it does not affect the average (2.18) 

calculated at t = O. Thus, at large T the right hand side 

of (2.18) may be calculated by the formula 

N-•s ~f ~fo))~(HA,..cni)tiFP r A,JTI )e.,.p-s "J)'P,. {l).sc, (2.19) 

where 

N = ~~( F( A,.. (T))) 6F,,( A,.,(T))e -.s'" :;[) t{J,. ;J) Q 

In {2.19) we have written explicitly also the integral by 

the element of the group 52.(x)that yields the boundary value 

for Ar at t = O {eq.(2.11)). Making an inverse with res­

pect to (2.7) transformation 

<{>,. ...:;. SZ«P,, R -1 t- J2 a r .f2. -1 

we pass in (2.19) from the boundary conditions (2.11) to (2.6), 

and '>R(~) /,t e - there turns into zero. Hence, the right 
= =8=0 

hand side of eq.(2.18) tu.rns into "zero, & z.A is). -indepen-

dent, and the basic statement (2.15) is proved. 

Thus, the naive Langevin equation (1.4) with the initial 

condition (1.5) yields correct quantum averages ' for gauge in­

variant functionals, which both aesthetically and technically 

are better than eq.(1.1). Besides, eqs.(1.4) and (1.5) unlike 

eq.(1.1) are easily generalized to theN • 1 nonabelian super­

gauge theory. 

J. N = 1 nonabelian supergauge theory 

The result of this section is already formulated in the 

i ntroduction (eqs.(1.7) and (1.8)) . 

I n this section a transition is assumed to the Eucl idean 

spuce by the formula ;r
0

-» i r
0 

, and ma trices and spinors 

remain in the Minkowski space. 
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Equation (1.7) with the condition (1.8), as in the case of 

the standard Yang-Mills theory (eqs.(2.1) and (2.2)), may be 

solved by means of the perturbation theory. The Green function 

of eq.(1.7) in the zero by iJ approximation reads 

b-"'l)(t-t'){<1-i (00)2 )e-tp:i.._ .i (00)~j 
'ip"- 4 p2 

(3.1) 

Unlike (2.1) the theoretical perturbation series for <fJ 

is more complicated in this case, since there are vertices of 

arbitrary order and, therefore, it is rather of a principle . 
than a calculational value. Thus, eq.(1.7) with the initial 

condition {1.8) at least by the perturbation theory is soluble. 

Further we will act as in the case of gauge theories {section 

2 ) • . 

Now instead of <p Q. ,,. from (2. 5) the superfield '( 4. should 

be introQ':'ced: 

\.uQ.cxfc1.. ~ rJ §)= <Pr-r,t,o<..,d.)r-Bw"'"-t'f-~8t8fJCO< 
"1 ' ' ' ) , 1 

(3.2) 

where tp~ 'f '\ C°' are the ordinary four-dimensional superfields, 

are the four-dimensional anticommuting Majorana spinors. 

All the other formulae of section 2 are valid also for the su-

persymmetry case, only the formula 

e 'i! ...., (") 'f ~ -i 
.JC..T e ...>c,_ 

the boundary condition (2.9) by 

e cJ>ro> ~ Qt sz_-1 

{2.7) should be replaced by 

(3.J) 

and the Faddeev-Popov determinant by the superdeterminant. 

Conclusion 

Thus, in the case of gauge and N = 1 supergauge theories 

the stochastic quantization method with naive Langevin equa-
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;ions (i.e. with a classical action without additional terms) 

ifith the zero initial condition at t • O yields standard 

theoretical-perturbation quantwn averages for gauge invariant 

functionals. The contribution of ghosts is automatically taken 

into account. 

In the stochastic quantization method• Gril>ov's problem 

related to the fixation of the Paddeev-Popov gauge, is lacking 

as well. 

The author is indebted to G.Grigorian, S.G.Matinyan, R. 

1lkrtchian and A.Sedrakyan for helpful discussions. 
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