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1. Introduction

In the present paper we cqnlidor a superfield formulation
of stochastic quantization (SQ) of gauge nodels [1-4] . By means
0of gauge symmetry localization relative to superspace coordi-
nates we have obtained an extended actlon written in super-
fields and possessing supergauge inveriance. This enables us
to formulate porrectly a stochastic reduction mechanism for
gauge theories and hence to carry out proof of equivalence of
ghostless stochastic quantisation of Yang-Mills field and the
usual scheme of quentization in all the loops (for perturbative
froot see Refs [5-7] ). Besides, the gauge symmetry localiza-
tion over superspace coordinates allows one to formulate
correctly dimensional reduction of Witten's topologle 4~dimen-
sional gquantum field theory to Chern-Simons 3-dimensional
quantum field theory [8] . |

2. S5Q for Yang-Mills Field °

The S§ scheme for Yang-Mills field is formulated as



follows [1=3] :
1) A neive Langevin equation is written:

a §Sym (Au(xp, £)) o
3 Ay (Tp, 1) + SRS (2 8] Jr(x,,;t)

(1)

with a boundary condition
a
Ap (2,0)=0 (2)

where t 18 additional time, and a&. are usual d-dimensional

coordinates;

2) A Gausaian distribution of stochastic source is intro-

duced:

LI 3 ' ¢
<T@ T )3 = 26 6762 2)B(E) >

3) By means of (3) stochastic averages for solution of
|
Eq.(1) HP are caloculated. Equivalence to the usual quantiza-
tion acheme 18 established from the following statement [10] :

t-g—igl < Far (H; (X,t)sq = < Fgr (Ap) >ep (4)

where FEI is gauge-invariant functiomal, and < D> is the
usual quentum average with respect to Faddeov-Popoi ghoats.
The mein advantage of the SQ scheme consists in the ablénce of
ghosts and Gribov's problem [2-4] .

Ref. [4] shows that in one-loop approximation the naive
SQ scheme gives correct quantum aversges for gauge-invariant
functionals..The general proof of equivalence of SQ and the
usual quantization schcﬁ- is based on superfield formulation



[9-11] . Consider now the peculiarities of this acheme in the
cagse of Yang=Nills field.
Following [9] the SQ scheme can be realized in the form of

a generating functional for the next d+1-dimensional super-

theory:
5o = |dlr dtdBdoLes (9) .
Lss (¢;)=Iym (q’f.a)“' 1—349: D<P;l (6)
where ‘P Hj\.(mt)+9 (:ct)+’~|j‘ (ac,t)8+96CP (z,t) ’

and D and D are supercovariant derivatives:

o — 3
D=35 - ed, , =30

Action (5) possesses one-~dimensional supe.raymnetry:
Q - - a
3 +
59, = (eQ+ EQ) ¥ -

- 3, = - 3
where Q= 36 + ea«t , @ =35 , and has gauge invariance

with a parameter dependent on .'.L‘},. only:
6¢P = D}n (CPF)O( (xf‘)

(8)
Dy () = 3+ Pu(xt,6,8)

The kmown stochastic reduction prooedure [10] is based on the
presence of supersymmetry (7) and consists in the‘ract that
the equal-time (over additional time t ) correlators calculat-
ed u.ling action (5) coincide with theory correlators with an
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action:

5= Sd“xd tdedéS(t)S(e)S(é}zss (9)

However it is impogssible to use this procedure in the given
case, since formula (9) is corréct in the case when action (5)'
1s nondegenerated (e.g. in the scalar field case [10] )¢ In our
case action (5) possesges invariance (8) which does not allow
to fix gauge supersymmetrically. Besides, due to the fact that
boundary condition (2) breaks translational invariance over +t,
it twns out also impossible to apply the renormalizability
proof [12] in all the orders of perturbation theory in the
naive acheme. At the same time the introduction of Zwanziger's
term [2,3] which allows to send boundary condition (2) to - oo
and restore translational invariance breaks supersymmetry (7)
which is necessary in proof of equivalence and renormalizabili-

ty of SQ in all the loopa.
3. Supergsuge~-Invariant Formulation

We try to avoid all above-cited troubles as follows. We
construct a formulation in which superaymmetry (7) is preserved,
and gauge invariance (8) is extended up to supergauge invari-

ance:

§, =Dy ($) x(,1,6,6) (10)

Thi-_ will allow us to remove degeneration by means of gauge
fixing without breaking supersymmetry, and realize reduction
2).

Por that, we apply for action (5) Noether's procedure loca-



1izing symmetry (8) over t, 0 , 6 . As a result we have:

°ZSGI = JSM (tp:) + 5¢;‘-D¢;‘v -
- —a a Ve P
.-:DCPJ;‘DI""P“':D!'qJ Dy + Dp¥ ¥ (1)

= Ly (47 + [2, Dp1lD, Dyl

where

(12)

and V= Vo(L,1) + OVi(3yt)+ Vi(x,t)0 + 60V (x,1)
is & scalar superfield.

Action (11) possesses supersymmetry (7) and supergauge in-
variance (10) supplemenied by transformation for fielda V :

!V oo(Tt80
ev=ee( q) (111)

One can see from (10) that for theory (11) there exists gauge
V = 0 where (11) turns into (5). On the other hand, supergaugs
invariance (10) allows to fix another gauge, for example

3 b, (,£,6,8)=0 (13)

Here together with ghosts we have:



1 a2
Issr “ear T 2 (8,, ¢f> + CauDuC (14)

where C and C eare Gressmamn's superfields.

Action (14) is nondegenerated (hence it can be defined with
boundary condition over t on - } snd possesses Buper-
symmetry (7); therefore, the formula of reduction (9) is true

for it. One can readily see that

1 a\@
Tsar t=5=9=0=;961‘£=9=§=0 t o (Gufl)

+EaJ.,D},(H;)c (15)

where

Ay - &,

t=9=é=0 3 c =Clt=8=§=o ? C= C't=e=e=a

Consider now a first term in expression (15):
* 0 = ~=
d.stI lt:e.—.é:o = IyM (?’l )’f:egézo + [@D},][ﬂ)Dfl]t 0=8=0

?ong (H; )- q’}. () LPP (@x)+ q;fl (x)Dy(Hﬂ)ql‘Dy(ﬂf) LP(\T)% ) (16)
~Dyu (Ay) P (@ Dp (AR (@)

where

v v o ~Y—
W(x)=€ D€ |4 q.5-0, Y®)=€ D€', o.5-0

One can readily see that after integration ovaer



éi;Gi

t=6=0=0 ~ xsm (Hy) (17)

Thus we have found that
OstF L:g_-é==o Fp(ﬂ,") (18)

where dpr ie a usual d-dimensional Faddeev~Popov lagrangian.
Hence gauge invariance localization brings us to action (11)
which in geuge V\ = O coincides with stochastic action_(S)
derived from Langevin equation and in gauge (14) it reduces
to a usual Faddeev-Popov action. This proves equivalence of
3Q and the usual quantization.scheme for gauge-invariant
functionals in all the orders of perturbation theory.
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