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1. Introduction

In any contemporary local quantum field theory the action

usually contains only a limited number of interactions. Even

Grand Unified theories, "Radical Unification", supersynmetric

models and others pretending to exhaustively describe all(!?)

interactions are not secure against the fact that at distances

such smaller than those approved by experiment (where, in fact,

the experimental information necessary for such constructions

comes from), new interactions evidently unwritten in the action

are possible. But as at quantization of any field theory due

to inevitable virtual states of the system arbitrary space-time

intervals are sounded, one is to take these interactions into

account at leapt in some "averaged" form for exclusiveness and

self-consistency of the theory. Therewith, it is possible that

such "averaging" function can be determined uniquely. If so,

we would deal with a universal function coupled, in a sense,

with obvious manifestation of vacuum structure.

Let us consider the local gauge transformations of

symmetry group
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 spinor and gauge fields, correspondingly. Proceeding

from the aforesaid these transformations are to be "averaged"

:>
<" cuuiie the whole theory is based on them» Let us define the

" operation as follows:
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v/here ^f-'.(*) '>• a the "averaged" field of the apinoral particle;
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 "phase" fields entering the expressions (1 „ 'i )

—-(''-3); P^x'iX^X^) is the "averaging" function, depending on

лоте elemerjtary length Ъ outlining the "black box" of the

theory ( K'i .>• 1 , where К i
E
 the particle momentum). As a result

'"f'Yx) i<? -rftfonns in the following w;;y:

(-v. : •-• -.;iu • v -.IN,- J.^peat ing space-time variables are ment to



"2. Non-local gauge invariance. Action.

Thus, we have the following non-local gauge transformations

of the spinoral field [1-4] :

•Ьеге./ц/(*>>018 determined in accordance with (1.6). The requi-

rement of invariance of the scalar product <^-| 4̂ . ̂ a s ^ ^ V f ^ )

in Gilbert space relative to (2.1) tranafcreations reduces to

the unitarity correlation \ V

For oonformity with the local theory сое needs also that when

^ (1.1.) (2.4)

A i ^ Vl<c/^= $ij Ol-li) (2.5)

where "M.I." aeans "Mo Integration
11
. To get the covariant deri-

vative of Ц1(х) field one must introduce

field Ci4>£y^>
)fV:[t*4] tranaforming into

vative of Ц1(х) field one must introduce the so-called bilocal

where 4<
s
^~5 >

 a n d
 ^

 i s t h e
 coupling constant of the bilocal

field. Then, for covariant forms, composed of Щ^Ы), Чм><7^*)

fields and their derivatives, we obtain the following expressions:
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The total action of the system is equal to

^/^C^T^ (2.9)
Later on we will limit ourselves by bilocal fields of the type

where ixfes/anu tLtyare the above-mentioned local gauge fields.

The requirement of invariance of the bilocal fields subspace

(2.10) to infinitesimal transformations following from (2.6)

( (*)(X) , Ск)6<Х<Л) and also the principle of conformity with

the local theory with regard to (2.2), (2.3) and (2.10) reduce

to the following relations [4] :

X fa(r*s) (2.11)
(2.12)

where, in accordance with (2.11), •fCX,*
1
-,*") and «/^x/x^func-

tions axe determined unambiguously as

Moreover, one needs that SU(N) group generators satisfy the

ГТ T
4
] -

equalities _ . *„

( 2 # 1 5 а )
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v
 -„.„ ,.. (2.15b)

where -f
 c
 and c/*»

c
 are structure constants. It follows from

the requirement of invariance of Р^Х>х'х^^ function relative to

the inhomogeneous Lorenz group and from (2.14) too, that

(H.I.) (2.16)

Generally speaking,j>^X
5
) , fftsfiX)

 i m d

generalized functions for which according to (2.4) at th* limit

Лг+0 we have

%%(г(
1
-ХЛ (I.I.) (2.17)

Substituting (2.10) xnto (2.8) with regard to (2.11) (2.13),

(2.1^) and (2.16) we get for the action in (2.9) the following

expression (adopting, for conformity with the local theory,

( 2
,

2 0 )

/rhere



(2.22)

3. Quantization. Diagrammatics.

Let us determine the producing functional of the system of

Щ(х) , £>/*) and D » W fields in terms of the following

continual integral (Я • С =»1):

where .̂ ̂x,) i ^f ('x,'
1
, ̂  ̂ ) and JT (y) are the currents of the

corresponding fields, and the functional Lf(3
>
B ) excludes

the Integration over gauge-equivalent fields; p is the ac-

tion determined according to (2.20) - (2.22). In the Lorenz

gauge ( 9
м
В
а
^Ь<)=П , 2.B%)=0 ) ia conformity with the infi-

nitesimal transformations following from (2.6)
r. a i t

(3.2)

we have
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where matrix f^\ is equal to

/

= M /xu)_/ j (3.5)

>У) - M «о ̂ >У) = -j4

•+

To within a constant multiplier

CM-
О =3^ °-

6 )

Let us write relations (2.11), (2.12) and (2.14), necessary

for subsequent consideration, in momentum representation (the

Euclidean momentum space is ment)

(3.8)

^

where JiC^Kx) » n % )
 an(

^ &(*/»&) are Pourier-transformed

images of functions in (2.16), for which in accordance with

(2.17) + (2.19) we have at the limit "L -*• 0

(3.11)



since

and as according to (3.9)

we get

Introducing fictitious anticommutating fields ("ghosts") С (х)

С (*) , where A~(°y<^) , the determinant in (3.4) can be writ

ten in terms of the continual integral

It follows from (3*13) that in diagrammatics "ghosts" come only

by loops. As the function rw>*a) is small both, at low (Â «"f)

and at high (/̂ г̂ > "f) momenta and when (3.12) takes place, and

also in consequence of antisymmetry of H&uty function

A>one may in zero approximation (over A> ) neglect the contribu-

tion of terms containing J ^ ^ s , Х±) function in the action

(2.20). In this case the producing functional (3.1) can be

written as (with an accuracy of an inessential constant factor)

where

MeU
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(3.18)

(3.19)

and ^ ̂  are currents, corresponding to the "gjioete*

and C?X) . The currents of C(x) шайСЬО field* are

not included in (3.18) because in the given approximation theee

"ghosts" are absent in the interaction (3.19). Integrating

(3.16) we get the following elements of diagrasmatioe la

(3.21)

-± &, (3.22)

(3.23)



e,A

(3.25)

(3.26)

(3.27)

4. On. solution of fundamental equations of the theory.

There is an unknown function R(К^
7
К^)±п diagrammatica ele-

ments (the function ^(Kf^K^) is determined according to (3.10)),

•Ye -race cms of the possible ways to find R(K-i
:
.KzJ^ so we con-

sider ;.-. S7fstem of equations



x[xs)
 i s e- representation of the generalized

function. The momentum representation (Euclidian momentum

space ) is

&-+0 L . f (4

It is seen from (4*3) that a whole function with asymptotic

behaviour no slower than — i+~ > where £ > 0 and /C-* <*>

any variable can stand for (\^(К^К
г
) • Therefore, we look for

the solution of equations (4*3) and (4*4) in the form

%i (4.5)

where < G%{ O < ^ Г ^ ^ Г Г ^ ^
owing to (3-8) and, moreover, IXiOfifl)— / according to (3.11).

Substituting (4-5) into (4.3) and (4-4), doing all integrations

:
irx sensing to the limit %--*• 0

 w
© get a system of non-linear

algebraic equations, generally speaking, for complex variables

(where 2



= (/ <4.8)

where . c» w , у «>о /И

к

U.9)

Therewith, Eq. (4.8) ensures the regularity of tDCfylC^) function.

The analysis of equations (4*3) and (4*4) and also that of

self-energy diagrams show that the Mf,^f) function must be-

have ав//[Г{7+)ОЛ^5)ГУ/+?)7 » w n e r e К*) i s t h e

function and, moreover, near the intiger values of oi and В

variables

Therefore, with regard to the implied convergency of series in

(4*6) - (4*9) one can "cut off" the system limiting oneself to

a large but finite number of equations and just to the same

number of variables. The exactness of numerical solution of

this "cut off
11
 system can be improved by enlarging the number of

variables and, consequently that of equations. The single-valued

determination otVt)
3
K,t) function (of course to within an error/

14



by int«ger-valuedWi,/M,^C) *fjffato,*) t «»* ̂ <Чл,/с) ±а

bound up with asymptotic behaviour of the latter ones [5] »

partly included in equations themselves and in (4*10) and is

in need of more thorough study.

5. Polarization operator.

As an example we consider the self-energy operator of Pu^v

gauge fields in the second order of the perturbation theory

which is described in this approximation by the following

К t

*_ . * © % . %

In accordance with the afore-cited Feynman rules this operator

is equal to (taking into account that##,£-£>= Я^,-/С)=Ж/е
}
-£>)

(5.2)

(5.4)

where .

+ (i-



(transverse gauge, /.0

Summing up on the number of families of fermions in (5«3) is

meant. Using the expressions (3.10), (4.5) and (4.8), the func

tions \R(K,f-b)lZ and (%(*>-%)) can be represented as

^ ™

(5*10)

where In is the mass of fermion , and b/̂  6^^ y) is determine

from expression (4-9)'. Substituting (5.5) and (5*6) into (5.3)

(5.4)s correspondingly, after integrations one obtains

16



\

/*̂ ^

i=1

<\ /л ,

and according to (5*7) and (5*8)

17

(5.12)

(5.13)

where -f

(5.H)



(5.15:

Hence, in tn'e"approximation )?l%z<glf,zl£z4Z{ » f o r the transverse

part of the polarization operator we have

where

and h.t is the number of families of fermiona. This result

agrees with the analogous expression in the local non-abeiian

\ gauge theory (in the limit -l-*0).

' 6. Conclusion

I Thus, the afore-cited non-local theory satisfies the corres-

) pondence principle. Moreover, firstly, in contrast to the exis-

ting non-local quantum field theories [5,б] , mainly the necess-

ary restrictions on analytical and asymptotical properties'of

form factors underlie the theory and are not introduced from

outside by requirements of finiteness, unitarity, causality and

so on, made to ^-matrix; secondly, due to the presence in

all vertices at least of one of the functions д(Л/,/у »/-/fy»̂ fe)
 o r

7)(Ri>Kl)
 w i t h

 asymptotic behaviour -pi+g " » where 8>0 at

|Q-*oo , all diagrams of the perturbative series are finite;

thirdly, on the basis of the united principle of non-local

gauge invariance, the symmetry groupspU(N) and (/(i) are natur-

ally unified, since it follows from (3.2) and (3*3) that even

in the case with only one DI/WV group a part of (J(i) type

gauge transformations are generated.



и

The unique determination of the Mellin image of ftfa/j)func-

tion in Eq. (4.5) is connected with two-way limitation on the

asymptotical behaviour of the function R^Ka.) at high Euclidean

momenta (in the meantime, the theory gives only limitation from

below), and also with analytical properties of^f^^^) function

and requires a further research.

The author expresses his thanks to prof. Matinyan S.G.,

Asatryan G.M., Sawidy G.K., Prochorenko Б.В. for valuable cri-

tical remarks and also to Mamijanian Б.А. and Ifnatsakanyan E.A.

for assistance.
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