
ШИ-719(34)-84

ЦЕНТРАЛЬНЫЙ НАУЧНО-ИССЛЕДОВАТЕЛЬСКИЙ ИНСТИТУТ

ИНФОРМАЦИИ И ТЕХНИКО-ЭКОНОМИЧЕСКИХ ИССЛЕДОВАНИЙ

ПО АТОМНОЙ НАУКЕ И ТЕХНИКЕ

R.P.GRIGORYAN, I.V.TYUTH

SYMMETRIES OF RENORMALIZED THEORTE?

II. GAUGE THEORIES

EPEBAH-1984



Центральный научно-исследовательский институт инфо мании
и технико-экономических исследований по атомной науке
И технике (ЦНИИаюминформ! 1984



ВЖ-719(34)-84

Р.П.1ГИГ0ЕЯН, И.В.ТЮТИН

СИММЕТРИИ ПЕРШОРМИРОВАННЫХ ТЕОРИЙ

П. КАЛИБРОВОЧНЫЕ ТЕОРИИ

Исследованы симметричные свойства перенормированшх кали-

бровочных теорий общего вида (речь идет о симметриях, помимо

калибровочной) в общем случае, когда не пренебрегается вели-

чинами типа якобианов замен переменных в функциональном ин-

теграле. Показано, что если классическое действие калибровоч-

ной теории обладает дополнительной симметрией, то перенормиро-

ванное эффективное действие и перенормированный производящий

функционал вершинных функций также обладают определенной сим-

метрией.
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the renornialized generating functional of proper vertices also possess

definite .symmetry.

Yerevan Physics Institute

Yerevan 1984



1. The present work is devoted to the investigation of the symmetry

properties of the renormalized general «jaurje theories (the sy^etries

Liesioes the gauge one are Implied), the classical action S
0
( i f ) nf which

is invariant under some transformations of field variables

(1)

Here tf= { y
1
} syirbolize all the fields of 1n1ti?l classical the-

ory» С Is the coordinate-Independent infinitesimal Grassnann-even nara-

meter, and R
u
 (\f) is certain functional of fields У anrt their deri-

vatives, which has Grasstrann parity of field \f . This work is the continu-

ation of Part I [l] in which non-gauge theories were studied. Note, that

in tne n<entioned aspect the symmetry properties of the renorroaiized theo-

ries - both gauge and non-gauge ones - were studied 1n Ref.[?] . However in

the latter the jacobians of variable transformations in functional l«tenral

«ere considered equal to unity. Here, just as 1n Part I [l} , the symmetries

of renormalized gauge theory of the general form are studied in the • era!

case» wnen the quantities of the type of jacobians of chanoe of variables

In functional Integral are not Ignored.

In Sec.2, the basic assumption on the relationship of two elective ac-



tions 1n different pararretrizations is formulated. Sec.3 shoves that i f the

i n i t i a l classical action possesses symmetry in addition to the oauie one.

then cue effective action is syraietric under sorce canonical transformation.

Finally, in Sec.4, these syn^etry properties are beinq proved for the ^ n o r -

malized effective action and generating functional of proper vertices (PFPV)

We use as before condensed notations (a l l indices - the coordinate, Lorentz.

isotopic. etc. - are unitea into a neneral index). Thp derivatives over the

fieltis are r ight, over the source - l e f t .

2. I t is well known that the total effective action Svp ( К , ф ) of

the general gauge tneory is constructed accordinq to the rule [ 3 j

(2)

wnere ttie rectified action

in case when the transformation jacobian-Uke quantities in the functional

integral are not i^norer!, is determined from the equation

S S (

with the boundary condition at П = О

is tfie i n i t i a l fjauge-invariant action. Here



-Ы_5В
~ 5ф1 Ж " 4 v

^ , PB are Grassmann parities of functionals Я and В • Ф*" is a

it of ail fielcs of theory: ф = { У , C,ff?,C } , where y = { / j

re fields of init ial classical theory with the action So (*f) -, C^fo 1 *}

С = { 5 ^ } are the ghost fields, ЯГ ={$!*} are gauge Introducing addi-

tional fields, Kj, = \ K,C,m, a J is a set o f auxiliary sourcps con.iun^t-

eo to fields у , С , ST, С , respectively; degeneration eli^inatinn

•gauge fer;!iion ^ has the fom

Г) is the loop expansion parameter.

The properties cf eq.(3) solutions were stu îe'? in D e f . [ ' j . I t was.

shown, in particular, that the solution S M (Ф, K ) of ео.'З^ under

tne canonical transforration of variables Ф,К~*-ф х (Ф, К^ , К Х ( Ф , К )

witn a generating functional ^ С Ф ; ^ х ) transforms into exnression

S M X ( Ф , K ) defined by the relation

wnicn is also a solution of eq.(3). Here, construction (5) has a qroun nro-

perty with respect to tne group of canonical transformations.

Note that 1n [5] they studied in detail the properties of solutions c*

the Zinn-Justin equation [ б ]

(s M l s M )»o



to which eq.(3) reduces at 1|=О . I t was found, in particular, that *nv

two solutions of this equation are related by canonical transformation rf

variables, therefore the general solution can be obtained hy a canonical

transformation of variables 1n some particular solution. This nrcrertv o f

eq.{6) solutions together with the S-matrix invariance unrier arMtrarv cano-

nical transformations of the action is the basis of the statement that tbe

S-matrix is completely defined by classical action So • Tn the case consi-

dered here: when the action S ^ is defined fror (3). i ts solutions wit*

boundary condition S M f K = . g _ n = n = o = S o ( У ) п*У d i f fer not

only by canonical transfornation, but also bv additional to S o (Sf) sumrands

of the f i A S ( t f ; ^ ) type. The presence of such sunmands, f i r s t , does not

allow one to prove that the S-matrix is independent of the choice of the

solution, ant second, means apparently the transition to the other theory

witn "classical" action S o ( у ) + П Д 5 {f',4) • I t see^s natural

that the effective actions of one and the san-e classical theory define me

and the sane quantum, theory, so we shall assume that actions S ^ corres-

ponding to one and the same classical theory satis f y (3) лпе* гге rpl^te'?

to each other by canonical replacement o f variables in the sense of (5V

3. Turn now to the consideration o f naucp theorv whose I n i t i a l oanno-

invariant action S0(.y/ has i lso syrmetry vnth respect to

(1):

(sign я* denotes equality up to terns £ ).

Let S M ( Ф , K^ be a solution of eq.(4) with boundary condition at fJ=



Using transformation (1), construct canonical transformation of variables

<p}K —~~ Ф Х » К * • defined by the relations

with Cj^neratincj functional

As a result of transformations (9) (10), the solution Sjvf ( Ф , K) of

eq.(3) transforms into S M x ( ^ ' v according to formula (5). As was

i entionetl above. S ^ x ( Ф , K^ also is a solution of eo.(3) and 1n virtue

of symmetry (7) is defined by the same classical action, I.e. satisfies the

sane boundary condition (8). Then, according to the assumption trade in.

Sec. 1. S M (Ф> К ) and S M X ( Ф , K ) are related by canonical transfor-

mation in the sense of (5) with some generating functional Y :

Froi.; (11), with account of the group property of eq.(4) solutions under the

canonical transformations we have

Relation (12) is an expression of symmetry of modified action S M ( 4 > ,

under the canonical transformations with generating functional X у

imphdsize, that these transformations are not identical.



Further on, taking into account that the effective action Sy (Ф> &)

is derived froi" S ^ ( Ф / K ) by means of canonical chanae of variables

4>,K —*• Ф^^Кг with generating functional

SZ

{see (2) and (4 )) and using relation (12) we find

or

(13)

Generating functional T ( Ф , KrJ being presented in the forn of

is infinitesi irdl quantity), formula (13) can be written In equiva-

lent form (11

where Pi is Grassmann parity of f i e l d ф , 8^ /&*Р is the l e f t

derivative.

For the GFPV of theory constructed by effective action S y ( Ф , K)

we obtain the relation [ 4 ^



(Г(Ф,К),<ДТ(Ф>Кт)>) =

wnere

and [{Г") J is the ratrix inverse to the ( Г % =6гГ/б'ф1' 8<р*.
С

Tnus, we have arrivec at the conclusion that if the initial classic?!

action So (Уу of nauae theory has symmetry (besides the ̂зиае one\ then

the modified action S
M
(4>,K) , the effective action Sy(0, K )

 a
nd

the GFPV also have some symmetry.

4. In this section we shall derive the ar.alops of formulae (11). (15).

(16) for renornalized effective action S
y R

 (Ф> К ) and GF"V Г
Я
( Ф , К ) ,

They are derived on the basis ot the property that if the effective actions

are related by canonical change of variables, then the гепонгя1ized action*

and the GFPV are also related by some canonical change of variables [ л ] :

in all other respects we со through steps completely analonous to those fn

[lj which led to the derivation of the symmetry properties o
f
 renornalized

non-gauge theories. The technical details fceinq orcitted, for S ^ R (Ф> К }

we obtain

where A R T is given by the expression

OO / П ) ( 1 8 )

ART(Ф, Кт) =^Т(Ф,KT)- £ ^ < Л Т ( Ф , KT)>d.v



апс К ЛТ ^ j t v is the Jivernent part о* П -lop," anrrnxi nation of

vacuui., expectation value Д Т -..it1- subtract»»! s-j!v'iver"encps. The an?1o'

uf ton.iula (la) for tiie renonr.aiized ou?ntities is oiven hv t^e

(Гй(Ф,К),<Д„Т(Ф,Кт)>)=0

лпеге
(Л)

^ , кт) >
п=1

Thus ^crmuiae (17). (1°), (1°) express the svmretrv nrnrcrtips rf thp

renornalizetl effective action Sq>f} and GFPV of name thporv. T'̂ PV ctn

be written down in the equivalent forrn as follows:

where Tj and 7^ are generating functionals of canonical tr?»ns*omations

civen Dy tne expressions

Тг (Ф, Кт) * КТФ • | < Д*Т (Ф, Кт) >

Suroarize the result obtained: i f the classical action S o {&) of

theory nas additional synretry, then the renorraiizerl effective action

5 у й ( Ф , К ) and GFPV Гц ( Ф > К ) also possess definite symmetries

induced by symmetry of classical action.
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