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The method of stochastic quantization of D-dimensional scalar theory, 
based on the Langevin equation with additional ttme, ts proposed fn Ref./t/. 

In the work /2/ it is proved that the stochastic ·qual)tization is equi­
valent to reduction on D-dimensional space of 0+1 dimensional superfield 
theory and a different proof of stochastic quantization fs suggested. 

The 'scheme of stochastic quantizat-ion of- supersyninetrfc Wess-Zumino 
model and N•l Abelian supergauge theory in the four-dimensional space fs 
proposed in this work. The proof of the validity is based on the method 
suggested in the work 121 . 

Consider supers.)'llllletrfc theories wtth the actiOn 

(I) 

where f is general scalar superfteld and A is an operator formed 
by derivatives a . D • D . Theories ()f the type of (1} are sto-
chastically quantized, if rea1 parts of A -qperator eigenvalues--·are po­
sitive. 

Now let us font~Alate the rules of stochastic quantization for the the·· 
ories of the type of (!). Later, we shall suppose that the transitions 

to Euclidean space are made, and e structure ·P-"P P. ~ <e. • • 
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of the theory fs unchanged . 

let us assume that ~ depends on additional parameter t and s~-

tisfies langevi~ equation: 

a<Pix,9, tJ 
at 

= J(x,B,t) (2) 

where J(~r,O,l)is the external random ·Gaussian source, i.e. the mean value of 

functional Fl J) is determined by the fornllla: 

(3) 

Then, the usual quantum Green functions·are determined by the following 

equation: 

<S'rx 0 ) ... ~(.:x: ,0.))= f<,. ( <P,rx.,~,t) .. · t,r:z., B, i l). 
H i n t-:t-OO . J. 

Whei-e_ t!>j is the solution to equation ('2). 

let us demonstra'te a~l AforesAid in the free case ( I,.,t 

case Eq.{2) takes the form: 

( tt +A) ~(x,B,t) = ::J(x,e,t) 

with the gener_al solution 
t . 

~(,:,9,t)~(exp-At) + (eJp-Atj;h: Jl;;)e~pkc: 

(4) 

• 0). rn thH 

(5) 

(6) 

The expression {6) is detennined ff the real parts of'' A ··operatOr eigen-

values ire .positive. Using· tt:Je relation 

(7) 

wh1.ch is a consequence of Eq.(1.3) and via Eqs~(4)~ {6) we can.dete~11'_1e. the 

two-point ~ field Green-fur-ct1on: 
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Now we shall explain how in all orders of perturbation·theory to:s.(2)­
(4) give usual Green functions of the theory (1}. Our explanation is based 
on the method developed in Ref./2/ . Just like fn /2/. Eqs.(2)-(4) are 
equivalent to the theory described by the action 

Z(h)= \.2J~elp-)[£1Yl•Y(~•a,t; •ol.!_ot -~ot)1' 
- HYJd'xd4Bdt#ol<l (9) 

where 
. H = J:o~.. hi:r, 11JiJI tl 

(ln) 

and d.., d are additional Grassmann parameters. 
The eqvivaler.ce of Eqs.(2)·(4) a~d the theory (9)-(10) means that 

Green functions determined from {1.4) are the variatlonal dertvatives of 
the production functional Z(h) . Then we shall show th~ validity of the 
equation 

Zlhl = Zlhl (II) 

where 

This equation completes the proof of validity of stochastic quantization 
(i.e. Eqs.(Z)-(4)). 

The propagator of the theory (9) is 

5. 



< Yrx,B,w,o(l'fix~ e;w;~:l > = - rA\w•t•[2 + fA-tvJ'/ri-ot'k 

+ (A•<w )r~ rx.' JOC:x:+x'lMw+w'JS!B-B'J oz> 

11ttere Fourier transformation over t is made. let us consider a diagram 

~ith external lines h(x,B) which is given by production functional (!=!). 

Integration over all parameters ot, d:, u) is made in any such dfa!:tram 

and the answer is independent of them. Let us prove that the integration over 
~ 

restores the standard diagram technique given by Z (h) 

let us single out some vertex from a diagram: 

Fig. 1 

The following expression corresponds to this diagram: 

) [1 (A> wtf1 
[ ~ +lA; -iw, \lot, -o<.lo(; + (A,+ iw;)~-ol; lol] 

' 
~(~w,) F Jw, r;/cJ.d.idr!..·dci 

(. :l'IT ' (. 

(13) 

where F is the expression corresponding to the unknown block of the 

diagram in Fig.l; 1t does not depend on ol, ;i . Under the condition that 

""-.~ real parts of eigenvalues of A operator are positive, one can easily 

prove, as in 121 • that the W, d.., ;;i integration in the formula (13) 

results in 
[14) 

~ 

where F is the contribution by the unknown block after all integrat-

ions over W, d.. • Thus the integration over Wz 
1 

ci. results in 
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the fact that the propagators connected with a vertex become 

the standard perturbation theory given by the production functional 

1s restored. 

Now let us discuss some well-known supersymmetrfc models. 

Consider the Wess-Zumino model described by Lagrangian 

t. = tti5D)2{'f!.P_)- ~IOD){P:+qtl-£li5D)~{cp;+'P~) 

• i.e. 

Z(h) 

(15) 

where 4>:!: are chfral superfields ( €}?+ = tp~ ). It is easy to show that 

th1s theory may be described in terms of the general scalar superffeld 

with the following action: 

(16) 

-where E ± are projection operators. Green functions of chiral superfields 

~ :t are obtained by the action of operators E± of the ~ fields 

Green functions of the theory (16). But the theory (16) is a particular case 

of the theory (1). The A-operator in this case has the form: 

(17) 

One can pt-ove that the eigenvalues A of the operator J:a 5 D satisfy 

the equation 

(18) 

If one proceeds to Euclidean space according to the rule (Pa...;.lfo, p-4-p ), 
then the ~umbers A are zero or pure imaginary, i.e. the real parts of 

A-operator eigenvalues are positive and the theory can be stochastically 
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quantized. 

The N=l Abelian supergauge theory ts described by the action of the 

type of (1). with the following A-operator: 

A: c+!(1•ot)l5o)'~ 
{19) 

The eigenvalues of the operator -z} (DD)~ satisfy the equation 

,\(A-t-o) =0 

Thus eigenvalues of the operator (19) coincide with those of the operator 

0 or -o{d , f .e. under the above-mentioned analytical continuation 

and under the condition d.< 0 the eigenvalues of the operator (19) are 

positive and the condition of the stochastic quantization holds. 

Thus the models of the Wess-Zumino type and the N=l Abelian supergauqe 

theories are stochastica11y quantized according to Eqs.(2)-(4). In the case 

of N=l non-Abelian supergauge theories, there exist ghost terms, and such 

theories may be stochastically quantized by adding Langevln equations for 

these ghost fields. 

The author is indebted to S.Kalftsin, V.Krivoshchokov, S.G.Matinyan, 

A.A.Migdal and A.A.Slavnov for helpful discussions. 
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