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The method of stochastic quantization of D- dfmensiona! scalar theory,
based on the Langevin equation with additional time, is proposed fn Ref./1/.

In the work /2/ it 15 proved that the stochastic quantization is equi-
valent to reduction on D-dimensional space of D+1 dimensional superfield
theory and a different proof of stochastic quantization fs suggested.

The Schene of stochastic quantization of ;upersyrrinetric Wess-Zumino
mode] and N=1 Abelian supergauge thebry in the four-dimensfonal space is
proposed in this work. The proof of the validity ‘l§ based on the method
suggested in the work f2/ .

Consider supersymnetric theories with the action

$=(d xd"a{i PAD + 1, (D)} | (1)

where Q is general scalar superfield and A is an operator formed

by derivatives @ , [ s D . Theories of the type of {1} are sto-
chastically quantfzed, if reil parts of A -gperator eigenvelues'.are po-
sitive, '

. Now let us formulate the rules of stochastic quantfzation for the the.
ories of the type of (1). Later, we shall suppose that the transitions

-
P._, c‘f: , ﬁ» P to Euclidean space zre made, and 9 structure



of the theory is unchanged.

tet ys assume that fI’ depends on add'lt'lona‘i parameter t - and sa-
“tisfies Langevin equation: _ ‘

a6t FIP | '

= = Jx, 6t . -2

& RS C1 |
where Jafdilis the ext_:ernal random Gaussian source, 4.e. the mean value of
functiona) F( 3_)  is determined by the foﬁm'la:
o o : : (3)
(F), = §Fra)(ep-SPd"ed 04t) D3

Theh, the usua‘l quantum Green functions are detemined by the foT'Iw‘lng

equat‘lon .
' (a)
(\T{x‘,g ).-- Q(a:l‘l’ n ) &M (Q (I‘_:B"t}..- Q—;(I"’ .,,t ))3 B A
: where Q 1s the solution to equation (2. .

3
Let us demonstrate a11 aforesaid in the free case ( Imt = 0} In tMs_

case Eq.{2) takes the form . _ ,
(_+A)%x9w Juat) e
with the genera! so‘lution
(6) -
?(m, t)~(exp At) +(exp At)Sdr Jfr)cprr ‘
The express‘lon (6) 1s detem1ned if the real parts of’ A --operator eiqen-
values are positive Using the retation
i (7}
Jf:ci, J(:r“ t)} -:25'(:(: -x0,-2,)3(6,-6,) f
; nh‘lch 1s a consequence of Eq (1.3} and via Eqs,(3), (6) ve can determine the
_ tuo-po'lnt § field Green-function:



-1 (=}
(Q{Ii,gi)?{xgvgg}> = A J(xinxﬁ,)a(gi _53)
Kow we shal) explain how in all orders of perturbation- theory Fas.(2)-
{4) give usual Green functions of the theory (1}. Our explanation fs based
on the method developed in Ref./2/ . Just like in /2/ | £95.(2)-(4) are
equivalent to the theory described by the action

Z(h):: S;DYCIP-—SEX(Y)-LY(‘;.%}H +°(a%‘_at _éat)y ’
- HY1d e d“Gdt ot oot (9)

where

H = hlx, )5(E)

T - (10)
“f{x,&, tJOL} = @(I,@, t} t+al ‘:["[I'r 8} 2 ?(J:,ﬁ,f}o( +olo A(‘I‘, 9,0{ )

and o, o are additional Grassmann parameters.

The equivalence of £95.(2)-(4) and the theory (9}-(10) means that
Green functions determined from {1.4) are the variatignal dertvatives of
the production functional Z(h) . Then we shall show the validity of the

equaticn

Z(h) = Z(R) | (n

where

Zth) = §D exp-SL () - h P Joz o0

This equation completes the proof of validity of stochastic quantization
{f.e. Egs.(2)-(a)).

The propagator of the theory (9} 15



Vi 8,00 Wl Bt > = = (A w2 + (A wuXi Lol
+ (Ari) - o’ I3 Wlw+5(6-6') (12)

vhere Fourier transformation over t is made. Let us cqnsider a diagram
vith external lines h(ac,9) which s given by production functional (9).
Integration over all parameters ci 6? W is made 1in any such diagram
and the answer is independent of them. Let us prove that the 1ntegrat1on over
ol,o(’u) restores the standard diagram technique agiven by Z(h]

Let us single out some vertex from a diagram:

Flg. 1

The following expressfion corresponds to this diagram:

S0 (AL s ) [2+{A; e Nt + (A + 0, ol ]

(13
E(Zw)r-' ol'o!dotdd. od;

where is the expression correspending to the unknown block of the
dtagram in Fig.1; 1t does not depend on o, & . Under the condition that
+wg real parts of efgenvalues of A operator are positive, one can easily

prove, as in |21 , that the u}, oly o integration in the formula (13}

results in
n ~
ACF (14)
= i .
where F {s the contribution by the unknown block after all integrat-
fons over uJ, o . Thus the integration over u); P of results in



the fact that the bropagators connected with a vertex become A:{ , T.e.
the standard perturbation theory given by the production functional ZI(M
is restored.

Now let us discuss some well-known supersymmetric models.

Consider the Wess-Zumino modé'l described'by Lagrangian
' . (15)

2= 4B0P0,0) - RiDoNE;« - 50N (9] ")

where Qt are chiral superfields ( 4_)_'_ = @f Y. 1t ¥s easy to show that

this theory may be described in terms of the general scalar superfield

with the following actien:

S = S d*8{4 Q% 2L DO ~V(Q)} (i)

Vi) = 2104, PoL(E, (£ 97}

‘where E_..: are projection operators. Green functions of chiral superfields
Qi are obtained by the action of operators Et of the' Q fields
Green functfons 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:

"= (
A= 4+ 200 1)

One can prove that the eigenvalues A of the operator éllha ED satisfy
the equation
a2 oy ' (18)
M- 2)=0

If one proceeds to Euclidean space according to the rule (P.:('F , P’-.}F_j) ),
o o
then the numbers A are zero or pure tmaginary, 1.e. the real parts of

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



[Ea ]

quantized. _
The N=1 Abelian supergauge theory is described by the action of the
type of (1), with the follewing A-operator:

: _ 19
A= o+}t-060) o
The eigenvalues of the operator 11'- (ﬁD)Q | satisfy the ;.-quation
A+ =0

Thus efgenvalues of the operator {19} coincide with those of the cperator
O or —olgg , i.e. under the above-mentioned analytical continvation
and under the condition o< the eigenvalues of the operator {19) are

positive and ‘the condition of the stochastic quanti.zation holds.

Thus the medels of the Wess-Zumino type and the N=1 Abelian supergauge

. theories are stochastically quantized according to Eqs.{2)-{4). In the case

of N=1 nen-Abelfan supergauge theories, there exist ghost terms, and such
theories may be stochastically quantized by adding Lamrgevin equations for

these ghust fields.

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

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



REFERENCES
L. Parisi 6., Wy Yong-Shi, Stentia Sinica, 1981, vol.24, p.4g3.

2. Egorian E., Kalitsin S. Superfield Formulation of Stochastic Quantiz-
ation with Addit'lona] Fime, preprint EPI 538(28)-83 Yerevan 1983,

The manuscript was récefived 4 May, 1982



3.IL ETOPAH

CTOXACTMECKOE KBAHTOBAHIE N =1
CYTEPCYMMETPWYHHX TEOPYIL
(Ha amrumfickonM dsHKe, mepesor 3.H.Aonamss)
EpenaHCcEmlt fusEuecKmll HHCTHTYT

Pepawrop I.II.Mymasm
Tex.penarrop A.C,AdpaMan

Saxas 203 Bb- 044671 . Tupax 250
lipenpumT BRY SopmaT memsHma 60x84/16

Hommearo k mewamu 13/YI-83r, 0,579 -mer.a.ll 8 x.

Wspano OTnesoM HaywHO-TeXHWWeCHKol HEGODMAIIA
Epepancrore (usmyecroro mECTHTYT2, Epemam 36, Mapmapsaua 2




WH AL 2

3624



