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Using gauge symmetry localization relative to superspace

coordinates we have obtained an extended stochastic aotion for

the Yang-Mills field possessing supergauge invariance. This

allows us to formulate correctly a mechanism of stochastic

reduction for gauge theories beyond the framework of perturba-

tion theory.
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КВАНТОВАНИЯ ДЛЯ КАЛИБРОВОЧНЫХ ТЕОРИЙ

С помощью локализации калибровочной симметрии по отношению

к суперпространственным координатам получено расширенное стоха-

стическое действие для поля Янга-Миллса обладающее суперкалибро-

вочной инвариантностью. Это позволяет корректно сформировать

механизм стохастической редукции для калибровочных теорий вне

рамок теории возмущений.
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1. Introduction

In to* present payer we consider a auporfield formulation

of atoohaatic quantisation (SQ) of gauge models [1-4] . By means

of gauge symmetry localisation, relatlre to superspace coordi-

nates we пате obtained an extended action written in super-

fields and possessing supergauge inrarlance. This enables us

to formulate correctly a stochastic reduction mechanism for

gauge theories and hence to carry out proof of equivalence of

ghoatleaa stochastic quantisation of Yang-Mills field and the

usual aoheme of quantisation in all the loops (for perturbative

proof aee Refa [5-7] )• Besides, the gauge eynmetry localiza-

tion orer superspaoe coordinates allows one to formulate

correctly dimensional reduction of Bitten'a topologic 4-dimen-

aional quantum field theory to Chem-Simons 3-dimensional

quantum field theory [8] .

2. SQ for Yang-mils Vield
 #

The SQ* scheme for Yang-Mills field is formulated as



follows [1-3] :

1) A naive Langevin equation is written:

*J r
 ( 1 )

with a boundary condition

where t is additional time, and Xu are usual d-dimensional

coordinates;

2) A Gaussian distribution of stochastic source is intro-

duced:

3) By means of (3) stochastic averages for solution of

Eq.(1) flu are calculated. Equivalence to the usual quantiza-

tion scheme is established from the following statement [10] :

Elm < FGI (Яи ( x , i ) » S Q = < FG1G I (Яи ( x , i ) » S Q = < FG1 ( f l f ) > F P

where r
&
j is gauge-invariant functional, and < >

FP
 is the

usual quantum average with respect to Faddeev-Popov ghosts.

The main advantage of the SQ scheme consists in the absence of

ghosts and Gribov's problem [2-4] .

Ref. [4] shows that in one-loop approximation the naive

SQ scheme gives correct quantum average* for gauge-invariant

functionals. The general proof of equivalence of SQ and the

usual quantization scheme is baaed on superfield formulation



[9-11] . Consider now the peculiarities of this scheme in the

oase of Yang-Hills field.

Following [9] the SQ scheme can be realized in the form of

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

theory:

S'^xdtdedQ^^) (5)

where <f = fl

and Б and D are supercovariant derivatives:

Action (5) possesses one-dimensional supersymmetry:

— Э — ~ В
where Q. ~ 30

 +
 ®o^

 f
 Q. = ̂ g

 f
 and has gauge invariance

with a parameter dependent on Xu only:u

S4>
f

(8)

The known stochastic reduction procedure [10] is baaed on the

presence of supersynmetry (7) and consists in the fact that

the equal-tlm (over additional tiae t ) correlators calculat

ed using' action (5) coincide with theory correlators with an
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action:

However it is impossible to use this procedure in the given

case, since formula (9) is correct in the case when action (5)

is nondegenerated (e.g. in the scalar field case [ю] ).* In our

case action (5) possesses invariance (8) which does not allow

to fix gauge supersynmetrically. Besides, due to the fact that

boundary condition (2) breaks tranalational invariance over t,

it turns out also impossible to apply the renormalinability

proof [12] in all the orders of perturbation theory in the

naive scheme. At the same time the introduction of Zwanziger's

term [2,3] which allows to send boundary condition (2) to - ««

and restore translations! invarianoe breaks supersymmetry (7)

which is necessary in proof of equivalence and renormalisabili-

ty of SQ in all the loops.

3. Supergauge-Invariant Formulation

We try to avoid all above-cited troubles as follows. Те

construct a formulation in which supersymmetry (7) is preserved,

and gauge invariance (6) is extended up to supergauge invari-

ance:

This will allow us to remove degeneration by means of gauge

fixing without breaking aupereymmetry, and realize reduction

(9).

For that, we apply-for action (5) Hoether's procedure loca-



lizing symmetry (8) отег t, 9 , в . Лв a result we haret

«her*

(12)

and V - Vo (x,i) + в V, (x,t)+ V, (x,t)e + веVfe (ac,t)

is a aoalar aup«rfield.

Action (11) posseaaas euperayvMtig- (7) and вирвхжаив* In-

vari&no* (10) •uppl«B*nt«d by tranafozaation for field V :

On* can ••• froa (10) that for theory (11) there exieta gawga

V « 0 where (11) turns into (5). On the other hand, aupergaage

inrarianoe (10) allows to fix another gauge» for exaaple

В1.${х,±,е,Ъ)шо 03)

Here together with ghosts we hare:



= ^
CGI (H)

where С and С are Graaamann's auperfields.

Action (14) is nondegenerated (hence it can be defined with

boundary condition over t on - ) and possesses super-

symmetry (7); therefore, the formula of reduction (9) is true

for it. One can readily see that

1 . _

*SGF

+ С
(15)

where

c=C

Consider now a first term in expression (15):

(16)

where

t-e-i-o
-v- _ v

One can readily see that after integration or«r

8



'SGI ~ 0ч* u '17)

Thus we have found that

(18)

where ofpp is a usual d-dimensional Paddeev-Popov lagrangian.

Hence gauge invariance localization brings us to action.(11)

which in gauge V « 0 coincides with stochastic action (5)

derived from Langevin equation and in gauge (14) it reduces

to a usual Paddeev-Popov action. This proves equivalence of

SQ and the usual quantization scheme for gauge-invariant

functionals in all the orders of perturbation theory.
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