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1. Introduction 

In ref. [1] a method of stochastic quantization of a 

D-dimensional scalar theory is proposed, based on the Langevin 

equation with the additional time t: 

'34'(x,t) 
~+ 

6S 
olf'(x,t) 

(1.1) 

where ,(x~t.) is the external random G:1ussian source with the 

correlation function 

< "1 (x, t) 'l (X', t') "7 = 2 0( X· X') cS( t- t') (1.2) 

!hen the usual quantum averages are determined by the follow-
ing equatio~ l1 ) . 

< \f(~,) .. · 'f (X n) ';> • fi.m < lf'l (x,, t) · .. 'f'l (Xn>!:)>.,:, (1.3) 
i.-- f.. 

whore lf'l\x.t) is the oo~a1ion or eq. (1.1) • 

. In ref. [2) the ·stochastic Lanaevin equation. is written 

&l.ready .in the D+2-di.me.Aaio.al space.. lor scalar theory this 

fOrmQlation proves to ~ 8Qu1va1ent te the D+2-dimensioDal su-



per..,.....tric theor;r, which is reduced to the IM!:Imensional 

usual scalar field theor,r. 

In the present .paper a silllilar attempt is ·made as applied· 

to the Langevin· equation with one adcliticmal time t. It turns 

out that in the scalar case this scheme is equivalent to some 

D+1-dimensional super1'ield (but, Ulll.ike 2 , not super..,.....t­

ric) theGr7, which is reduced to the J>-dimepa1 cmal scalar the-. . 
ory. 

The symmetry, responsible for this reduction, hasn't been 

fOWld. 

2. SupsrUeld Pol'llllllation of thti Lsngertn Equation 

Let. ua introduce a produc~ion potsntiel 

Z (h): S D"t exp Jdpx dt (- 4i"l.1 
+ h 111,) (2.1) 

We ahall then have the rel'!-ti.on 

(If.._ (x,; t) ···If., (x .. , t)">"t A .Sh~.,t) ·• · .S~(X •• t?·(h) <
2

•
2

' 

Let ua repl...;e the variable ~ . b7 'f., in (2.1). It is ac­

c~iahed b7sw>aututing a unit in (2.1) 
• 

Using the standard technique of detend.Dar.t recording b7 """""'' 

of antic.-ting acel&rs in the __.t ~ intr.iducing the 

addi tionel scelar field A, - shell obtaill· for &(h) 

. Z(hl'· JupJd~clt{ .\2- A (lf+ ::)+ .f(at~ ~~)-1-+ h'fl · (2.Jl 



Introducing the super:field <j>{x,t, 8) and supersource H(x,t,9) 1 

<\>=lf•S'!'+t&+c9&A, H~S8h(x,t) (2.4 

let us rewrite eq. (2.3) as. 

The term.-~ q>alt, a total derivative in t, i.s introduced in 

(2.5) for· sym.etrization of the operator in parentheses. It ia 

neceesar.r for the correct detiD:f.tion of perturbation theory. 

~ trP~ation invariaDce ot eq, (2.5) leads t~ the eq. (2.2) 

independence of t. Hence, to obtain ayerages of t.he tJPe (2.2) 

in the expression (2.5), the source H -.q be taken in the :rom. 

. H (x,tl • ee h(x}5(t) (2.6) 

Let us ~- explain, how the reducti.on to the D-dimeusiona. 

scelar the<>r)' occurs in (2.5), i.e. - shall proTe that Z(h) 

ia efl'l8]. to the production :!'lmctionel of the voual scalar 

field theor.r.i<h> 

Z.(h)=Z(h) (2.7) 

z (h) • J n If e.xp Jl x (- :r. .('f)+ h If] 
Let us carry out the proof 1>7 ......,. of perturbetion theor,r. 

fte tield pro~tor <I' has the fora 

( 
.. · / -• . a'- a· ) (2.8) o - it) to- 2. aeaiJ + 29 ae a\- at 

or.. pees1 ng :tO the Pourier transtora in x aDd t, we aball . I 
haTe . 
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2+ (P'-tw)9-&'e• (p'•<w)B~&&' 
<4>(p,w,&)<j>(p:w:e')>=- p••w• 2.9l 

•o(p+p')8(w• w') 

For the coeeficient h2 in the expansion Z we obtain 

.~ 

xd9de s_!_ o(P.•") = 6 z . 
2 

• P~ 1 re .Sh(P,).Sh (Pa) 

i.e. the equality (2.7) in free h2 approximation is valid. 

Let • s prove thi:s equality for an arbitrary diagram. Let • s sin­

gle out some Vertex in the arbitrary diagram (for simplicity 

. <jl 
consider a ve~ , ) 

e,~ 
Pig • 

. where F is the expression corresponding to an unknown block 

of the diagram-in fig. 1; it is independent of. 8, B and has 

rio poles in (&)1 
1 

<.J2 , CJ~ • 

Integrat:lng over e. § 
•.. 

we obtain the foll~g expres-

sion. 



(2.11: 

The second component in (2.11J turns to zero. To m&ke sure in 
this, one should merely have to present the del.ta-funct~on in 
the. form 

(2.12) 

and properly choose -che integration contours over GJ ~ at 
posi~ive and negative t (see Appendix). 

The first component in (2 .1-1) is 

~ 

where F is the contribution by the unknown block of the fig.1 
diagram after all c.J, 9 integrations, i.e. the integration 
ove'r (,) l and e results in the fact that in the fig. 

diagram the propagator connected with the vertex is equal to 
1/p' • ThUs, af'te~ all G), {j integrations we shal.l obtain a 
usual D-di.mensional scalar theory. 

J. Conclusion 

Thus a D+ 1-dimensional. superf'i8ld theory, which is reduced 
to a usual D-dimensional scalar theory, is found in the pre­
sent paper. Another proof for the validity of the stochastic 
quantization with one additional time of the D-dimensional 
scalar field theory is presented as well. 
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AppeJU!ix 

A. Let's prove the equalit:y 

r .,JIP.··•(,)·lfff••"'->o(tw-)f(p, w-) c:lt.lts o 
• n ( • -•) L ·"' ... " es " P.: + c.>, . . 

(A,1) 

where P is the smooth function in c..>i . Let's substitute 

(2.12) in (A.1). At t .. o contours of the integration oYer all 

c..li shoul.d be taken in the upper heU'plane. Then the pole in 

c.Je reduces with the llUilerator f!a_. i. w2 , and the integral in 

c.>2 zeros I 1 • At t < 0 the contours are taken in the lower 

half'plane and the integral in. W1 t11rDB to zero. 

'l'hus (A .• 1 ) is proven. 

B. Let's prove the equalit:y 

I =J 4(fP,•).s(fc.>;) ( ·)diJ;._f -'-- r;' {P,' • wn F p._, w. 2S ~p,• F (P,) 
• (A.2) 

where P is giYen below. Aa in point A, eubstitu~e (2.12) in 

(A.2) end the integral in t into two integrals with -itive 

and negative t.. ~t t,. O, choosi.Dg the contours in laJi. in 

the upper haltplane, integrating over all c.)i. , and then over 

t in the renge ( 0, oo ) , we shall obtain 
. I 
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