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1. Tne present work is devoted to the investigation of the symmetry
properties of the renormalized gereral gauge theories (the sywretries
besiues the gauge one are implied), the classical action So (‘f) nf vhich

is invariant under some transformations of field variables

. . (1
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Here = {9"} syrbolize all the fields of inftial classical the-
ory, § is the coordinate-independent infinitesimal Grassrmann-even nara-
meter, and RL(H’) is certain functional of fields Y and their deri-
vatives, which has Grassmann parity of field ‘;Pi' . This work s the continu-
ation of Part I [1] in which non-gauge _theor‘ies were s.tudied. Note, that
in the nentioned aspect the symmetry properties of the renormalizec theo-
ries - botn gauge and non-gauge ores - were studied in Ref.[?] . Povever in
the latter the jacobians of variable transformations in functional intearal
were consivered equal to unity. Here. just as in Part I [1] , the symmetries
of renorralized gauge theory of the general form are studied in the : eral
case, wnen the quantities of the type of jacobians of chance of variables

in functional integral are not ignored.

In Sec.2, the basic assurption on the relationshin of two effective ac-



tions in different parametrizations is formulated. Sec.3 shows that if the
jnitial classical action possesses symmetry in addition to the cauce one.
tien tne effective action is symmetric under some canonical transforration.
Finally, in sec.4, these syrmetry properties are teina proved for the renor-
talized effective action and generating functional of proner vertices (FFPV)
We use as before condensed notations (a2ll indices - the coordinate, Lorentz.
isotopic. etc. - are united intn a aeperal index). The derivatives over the

fields are right. over the source - left.

2. 1t is well known that the total effective action Sy (K, P) of

the general gauge theory is constructed according to the rule [3]
(2)

S‘F ((P: K)= SM (cb: K) K""S"’P(CP,K)/SCP

wnere the riodified action
S (P, K)= S (¥,c,K, )+ ndT

in case when the transformation jacobian-1ike quantities in the functicnal

integral are not innored, is determinec from the equaticn

8§ & o -0
—é——(SM)SM):Ler'gR:SM :

with the houndary cencition at 1= o
Su (@, K=0)| = Sa(9)

S.,(g) is the initial cauce-invariant action. Here [?]



_5A &8B (F*OPe*?) §B A
(A:B) = 5ot %7 ~ 1) 531 oK
A » Pa are Grassmann parities of functionals A and B - ¢L is a

it of ail fielus of theory: ¢={9,C,97, c } , where 50={50"}

re fields of initial classical theory with the action So (%) ; c={r:°"}
c={c*} are the ghost fields, 9T={91*} are gauge introducing addi-
tional fielus, K;}{K,c,m,n} is 2 set of auxiliary sources coniunat-
e to fields ,c,d, c , respectively; dereneraticn eliminating

jauge ferniocn W ias the for:

Y(P,K)=KP+¥ (),

N s the loop expansicn parameter,

The properties cf eq.(3) solutions were stufied in Pef.["] . It was
shown. in particular, that the solution S, (P, K)  of eo./2) unter
tne canonical transforration of variatles $,K = P, (,K) ,K, (¥ K)
with a generating functional X(¢, Kx) transfcrms into exoression

SMX (¢‘, K) defined by the relation

5L (&, K) (%)
SMX (¢: K) = SM (¢X s Kx)— "len (SdEt 6¢‘ )

wnicn is also a solution of eq.(3). Here, construction {5) has a gqrounr nro-
perty with respect to tne group of canornical transformations.
Note that in [5] they stucie¢ in cetail the properties of solutiens of

the Zinn-Justin equation [6]

(Sm, Su)=0



to which eq.(3) reduces at Q=O . It was found, in particular. that anv
two solutions of this equation are related hy canonical transformation of
variables, therefore the general solution can be obtained hy a canonical
transformation of variables in some particular solution. This nrcrertv of
eq.(6) solutions tocether with the S-matrix invariance under artitrarv canc-
nical transformations of the action is the basis of the statement that the
S-matrix is completely defined by classical action So . In the case consi-
dered here. wnen the action SM is defined from (3). its sclutions with
boundary condition  Op ,K=E=n =n=0 = Se (¥) may differ not
only by canonical transformation, but also by additional to S, (‘!) sumrands
of the rlAS(g’;rl) fype. The presence of such surmands. first, does not
allow one to prove that the S-matrix is independent of the choice of the
sclution. anu second, means apparently the transition to the other theory
witn “classical” action  S,(y)+nAS (¥;5n) . Tt seers natura)
that the effective actions of one and the sare classical theorv define rne
anu the same quantur theory, so we shall assune that actions SM corves-
ponding to one anc the same classical theory satisfy {3) and are relate”

to each other by canonical renlacement of variatles in the sense of [RY,

3. Turn now to the consiceration of Asuce theorv vhose inftia? naune-
invariant action So (L_?) has also syrmetry with resnect to transformatinns

(1):
So (9+ ER(Y) * So () )

(sign % dJenotes equality up to terms §E Y.

Let Sy (P, K) be a solution of ea.(4) with boundary concition at n=0



Sy (®,K=0) Q=o=5°(‘=°) (8)

Using trensformation (1), comstruct canonical transformation of variable{

¢,K —— P, ,Kx . defined by the relations

(e)
i 8X _ 85X |
cb" T 6Ka KL-SCPL
witii ganerating functional
X(D,Kx) = Ku(®+ER(P)* ExC+my (o)

As a result of transfornations (9). (10), the solution Sp (P, K) of
eq.(3) transforms into SMX (‘P, K) accord'in_g to formula (5). As was
i.entioned above, SMX (49, K) alsn is a solution of eo.{3) and in virtué
of symmetry (7) is cefined by the same classical action, i.e. satisfies the
sare boundary condition (8). Then. according to the assumption racde in
Sec.2, SM (¢, K) and Sy (¢, K) are related by canontcal transfor-
mation in the sense of (5) with some generating functional Y :

Sl (i), (1
Sux (B K)= Spyy (BK) =Sy (Py, Ky)-inkn (sdet ~557—) .

Froi: (11), with account of the group property of eq.td) solutions under the

canonical transformations we have

8¢;' @®.K)
$ K)= & : SIX YT (12)
Sm( )K) -~ Sm( X1y s KX"Y) = Lrlen (Sdet 8¢} ) .

Relation (12) is an expression of symmetry of modified action 5,.,, (¢,K)
under the canonical transformations with generating functional X - Y

:mphasize, that these transformations are not identical.



Further on, taking into account that the effective action S;y (¢, K)
is cerived from Sy (P, K) by means of canonical chanae of variables

CP,K — <P£, Kz  with generating functional

Z(RK)=KP, +¥(Ps)

_$Z | 82 _ ., S¥
Pk =P, Ket g TK' 5o,

{see (2) and (4 )) and using relation (12) we find
S"P (¢:K)=SME(¢)K) = Smx-tyz (P K)= Sya-ixtva (®,K)

or

51 (&,K
Se (9, K)""'Sq)(qDT, KT)°L’I£” (SdEt ——.Sr.c%?‘—)_): (13)

-1 -1
T=2 "X Y2
Generating functional T(‘p, KT) being nresented in the form of

T(®Ky)~ Ke+EAT(Ky)

{ g is infinitesimal quantity), formula (13) can be written {n equiva-

lent form A ‘ (14
po. &
(Sp, AT(®,K:)-ine) 557 R AT(@, ke (6,K)=0,

where PL is Grassunann parity of field 4)" s SL/S‘P is thc left
derivative.
For the GFPV of theory constructed by effective action Sq, (43, K)

we obtain the relation [4]



(r(#,K), < aT(%,Kq)2)=0, (15)

vinere

-  (Pi+1) L &
<AT(4>,KT)>=AT(¢‘+L;1(-1)% i [(r) "] JBT;? “Kr) (1€)

w1 Lj ' 2 i j
and [(r') J is the ratrix inverse to the ({'”)L.=5 F/&PLECPJ.
4
Tnus, we have arrivec at the conclusion that if the initial classical
action fSo (Eﬂ) of cauce theory has syrmetrv (tesicdes the nzuqe onel. then
tne modified action Sy (P, K) , the effective action S¢(P,K) and

the GFPV also have some synmetry.

4. 1In this section we shall derive the analoas of formulae (14). {15).
(16) for renorralized effective action SL'IR (CP,K) and 6Fov [ (9, K).
They are derived on the basis ot the pronerty that if the effective actions
are related vy canonical change of variables, then the renormalized actlons
and the GFPY are also related by some canonical change of variables [4] :
in all other respects;we co through steps complctely analonous to those in
[1] which led to the derivation of the symretry properties of renormalized
non-gauge theories. The technical details keina omitted. for Syp (P, K)
we obtain

. 5.6 .
(Sr,aT(S KT))-Lq(.,)ﬂg%T 1 A= T (P, K7 (9,K) =0 (a7

where Ag T s given by the expression

oo n (18)
ART(9,Ke) = 8T (6,Kr)~ 2 4"<aT(®, )2y, .



)
anc < AT >dlv is the Jdivergent part o M -loon anernximation of

vacuui. expectation value AT =itk subtracte! subtivercences. The analo:
of foruwula (15) for tie renorwalized aousntities is oiven bv the relation
)
(R ($,K), <ALT(®,K{)>)=0

wiere

<ART(®,Ky)> =aT(4,Ky) * S—gq 1< AT (4, Ke) >4

Thus fcrmulae (17). (12), {17) exnress the svmretrv nroperties of the
renorialized effective acticn SlPR and GFPY of qaune theorv. Thev can

be written down in the equivalent form as fellows:

| 5%z, (¢,K)
StpR (¢; K) = S‘PR (¢T1 ’ KT1 ) - LQEI‘I (SdEt 54)* )

R (,K) = [ (¢, Ks,)

where T, and T,_ are generating functionals of canonical transformations

civen by tne expressions
T (9,Ke) = K+ BART (®,K;)

Te (P,Ky) = K P+ §<ART ($,K1) >

Surmarize the result optained: if the classical action S, (':P) of naure
theory nas additional svisetry, then the renormalized effective action
Sva(¢;K) and GFPY rR (¢; K) also possess definite symretries

inducec by symmetry of classical action.

"
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