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1. Introduction

In any contemporary local quantum field theory the action
usually contains oanly a liyited ‘number of interactions. Even
Grand Unified theories, "Radical Unification", éupersymmetric
modele and others pretending to exhaustively describe all(!?)
interactions are not secure against the fact that at distances
much smaller than those approved by experiment (where, in fact,
the experimental information necessary for such comstructions
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 interactiona into
account at least 1in Some "averaged" form for exclusiveness and
gelf-consistency of the theory. Therewith, it is possible that
such "averaging” function can be determined umiquely. 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:;Lk%CkQﬂ”

symmetry group

Pt expi wm)U (xﬂ{/oo
Y(x)_exp( Lw(x))l}/(x)U (x) ,’

(1.1)
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,(x Bﬂ(x)']‘ Ue (X)—(l/})/(/..x(")UKJ (x)

)
| (1.2
(P, Nya=A,... N1 )

where
Uij () =(exp( zw“(x)r“))g (1.3)

24
a
W{x) , W (X) are arbitrary functions, 7; are generators

of SU(N) group, } is 8 constant, and g{f(x) . llb‘(x) and B(X)

a,
B;JX) are spinor and gasuge fields, correspondingly. Proceedlng

rd

from the aforesald these transformations are to be "averaged"
brougse the whole theory is bused on them. Let us define the

seazing” operation as follows:
- '\;X r C/ej‘ . , .
Lw\\\ = W/ (x) (1.4}
i “ 4
7 4

L NES r ! . R i ., ) y { ’V[ {"
L <f\,",7{',x)(_f,f: l,<)>—_’;i-_ \f(i(,x;/“(s/\&),(xs)(\“b.("‘ PoLh, &) i{(x ,->0( K'd'X
VRN {1.5;

where \f{(x/' 1a the "averaged" field of the spincral particlie;

u)ﬂx%,”,u&/x)are "phase" fields entering the expressions (1.7)

——(1.3); p/< e x(/ is the "averaging" function, depending on
some elementary rLength 1ﬂ outlining the "black box" of the
theory ( K4 21, vhere K is the purticle momentum). AsS & result

#/(x) L ssTorme in the folloawing wry~

Y \%' ~< X )[.,LS QXY+ ) .«m)‘k{y’(;(,)r . (1.6)
- ) V. 4
Crvov s o - v e eepeating space-time variables are ment to




n2. Non-local gauge invariance. Action. :
Thus, we have the following non-local gauge tra.ns_fomafions
of the spinoral field [1-4] :

Wx)—A X)X } . S @
Yoo = tP(x)A,Jx %) .
-/l. (X >X)_... /\-J(,(x X) ! (2;2)

where/‘y("#)ia determimed - :Ln accordance with (1 6)e 'Ehe roqlu.-
rement of invariance of the scala.r product < '4/ [\ >__W6<)‘fo)
in Gilbert apace relative to (2 ‘l) transf.omtiona rcduces to.

the unitarity corxrel ation : -_

A x)/\_,q(x,x")._ ;su St L X
" . Perxr oonrom:lty with the local thoory cne necds a.lso that whon ‘
£d-+o . e

Am(x X )—*Am(x)S(X—X) (X.I.) ‘(’2.4)_

A (x)AKJ(X)_ ij (¥.1.) (2.5)

; vhcre "l.I." means. "No- Intey:aticn" To get the covariaat der:l.-
vative of HU(X) r:l.old one. must. introduce the so-called bilocal
' field 6/4 (X X) [1-4] transforming into '
/

C/u ] (X X) A,_x(x>x1)6/l Ki(xbxz)AlJ (%, X )—- (2%6)
(/)] ,?u/\;x(x,xwguAi,:(x,xf)]/trj.(x,,x') |

where 9“ ‘3 , and } is the coupling constant of the bilocal

field. Then, for covariant forms, composed of Y/ (x), @ i RS
fields and their derivatives, we obtain the following expressions:
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AZ

0= Y 00 —i 2,0y 06X DX (2.7)

1
C/u,,,t-j (%, X)= y@)‘].(x,XB+9y§ q{x,x) - qu(x x) /2 G,',‘J 6 X) -+

+£50[G/4),-K(x,x4)6,,) ,cj(x,,x N— Q, z/c(""f)g«, i (X0:X )] (2.8)

The total action of the system is equal to

¢
-~ e Yart)
Seifoon g o-mBootior- L6, 000C Wy @
Later on we will limit ourselves by bilocal fields of the type

C{/ lj(xx) [W 994("0+F7; B (Xsﬂf(x X, Xs) (2.10)

where &(XS) and B (Xs)a.re the above-mentioned local gauge fields.
The requirement of invariance of the bilocal fields subspace
(2.10) to infinitesimal trensformations following from (2.6)

( W), WK 1) and also the principle of conformity with

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

to the rollovn.ng relations [4]
POXXIPOCX, XY = {,,S(xs X{) (2.11)

PUxR x5y = PO, Xs) (2.12)

Pix, s>f(><«,><‘xs’>~f(>< Xy s’>P(xf,><'><s>=£f(xs,><s’,x4>y(xX‘m }
(2.13)

PO, X)P(s, XoX M POGX1, X )P X0, X5 Xs)= ol (Xs,xs XOPOXX)
where, in accordence with (2.11), jL(X,X X) and o{(XX x)func-

tions a:re determlned unambiguously as

$06,%,%y=- i poxxix [ px; xf,xofm,x,xs)—(xszxsﬂ (2.14)
d (xs,xs,xs)—'g Px,x Xs)[ P% | Xi, X5 PO, X, X5+ (. xs-—xs)]

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

[T- T-.gl alcT

i (2.15a)

equalities



{Tq *‘} S"‘ S +ol™CT S (2.15b)
y) v
where 3‘” ¢ and C{“& are structure constants. It follows from

the requirement of invariance of P(X,X,IXS) function relative to

the inhomogeneous Lorenz group and from (2.14) too, that
P, X' xs) R (x=Xs, XX )
F X XD = F (koxe XX (X.I.) (2.16)

O{(Xs,xs,xs) =7 (X~ Xs,xs X)

] /
Generally speaking, _p(x,xjxs) ) :f(xs,Xs ,Xs ) and 0{(Xs,x ,xs”) are
generalized functions for which according to (2.4) at the limit
’f"U we have

POGXXs )= SG-X5) §(X X, (X.I.) (2.17)
'f(XS,XS/’X:)—’ 0 (2. 1')
i, X! X2 =2 §(x=Xe"y §66=Xs) (¥.1.) (2.19)

Substituting (2.10) into (2.8) with regard to (2.11) (2.13),
(2.15) and (2.16) we get for the action in (2.9) the following
expression (adopting, for conformity with the local theory,

that § = i—)
S-wa)y/‘a Y xs—-mPooYocy + -0V T, T P0s, x’xs)B"o( YWex+

+ﬁ‘ff(X)Yf&,X,Xs)é.(xs)S‘U(X’)— ,,i[/v (5. ) )+ L(Ei60)] (220

shere

F ()= \/__4/)“ ," - /—viﬁf(xs,xs',xyé((xs)gu(xs’)-;-é‘g(s)@?xs')] (2.21)



“(x>=¢2"4>“(x)— if”%((xs)xs’,X)B‘?xaBC(xs’>—
- LfexolfE (B 3B,06)+ BOOB 6 Y+ d “CBOwB )]

(2.22)

$.,00=9,8,60-3 B0
‘Bw (x)= 9,%,00 -2 By(x)

3. Quantization. Diagrammatics.
Let us determine the produo:.ng functional of the sysiem of
K[/(x) Y.<), B (x) end B (X) fields in terms of the following

continual integral (jv' C =1):

Z(17; 7,7]=§2>623 9T 2v(; (8,8
x expfi S+] (OB b+ LB o+ P oo o Fit ¥:60] }

where 'Z (x), 1;(x), J (x) and y (x) are the currents of the
correaponding fi: 1ds, and the functional G (B B ) excludea
the iziggration over geuge-equivalent fields; S is the ac-

(3.1)

tion determined accerding to (2.20) - (2.22). In the Lorenz
gauge ( 3 Ba/&)__ 9 B’}x):O ) in conformity with the infi-
nitesimal transformations following from (2.6)

BO;) =B )+ ;wzx» Fﬁxs,xs,x)[a(xswsﬂs b)) (3.2)
B(x)—B 6+ %f"“a((xs,x, x)B (Xs)@ (xs)+ ! z AW o+
+{6<s xS,x)[ »"(B 04 )06)+B, 0463 B o 24 4“‘3 B sxoiy] 3-3)

we have

G (BB)=det M- {‘75(3";(@){15(9"@?&0) (3.4)
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where matrix M is equal to
M, 59 Moalst)

- - | (3.5)
M = MAB(X,V) Mao(x,y)MaC(X)‘j)

Moo( M) = D C(x—-y)-;. V—_ /“-f(x Xs, Y Y)B (%)
Moa (x>y)=Mao(x>'-")= "\/'-é—%a‘ :F(nysé?/)Bqﬂ(Xs)
Mac (X,':(): gzg(x—ﬂ)sac-}- %fq{ylxa/()()xs,Y)B‘:}?Xs)"'

4 _‘,j_v;‘ﬂx,xs,wg’&gsasr Qo005

To within a constant multiplier

det M = expSp.bn (1+ 00 m- EJ))
0 =2"

Let us write relations (2 11), (2.12) and (2.14), necessary

(3.6)

for subsequent consideration, in momentum representation (the

Buclidean momentum space is ment)

26{{! '
SIR (K,9-K)] (-27;"—_}" (3.7)
Ré(K’>Kl)=RE (KIJK") (3-8)

R (kok)=il "J (%f;,i [Retktpk-PIR U EPRG-Re)—(12)] (349
4 B K N - .
Zulkstmat! | ZL R ORI PIREEPREAR+ (1)) 3210

where R(Kd,Kz) , F(K'f,K’z_) and 925(&:,&) are Pourier-transformed
images of functions in (2.16), for which in accordance with

(2.17) + (2.19) we have at the limit ’(—> 0
Rkkd~1 5 Flkj)=0, Blekd—g Go1D)

9



—{K(x=y)

-1
D (X, == (x" = 4% —_—
V== Lp6=) @Y Kiie

and as according to (3.9)

Flok)y=-F(k0)=0 (3.12)
we get
-1 % . _
Sp(0 M-0)= éi,,%t F—%ﬁ&(%)F(z,o)/B“(o)(ﬁSm =0 (.13)

Introducing fictitious anticommutating fields ("ghosta") CA(x) ,
A .

C (x) , Where A=(0,a) , the determinant in (3.4) cen be writ-

ten in terms of the continual integral

et M= J\ZEZC GXP[L CT(;)MAB @:y)cB(':/)] (3.14)

It follows from (3.13) that in diegrammatics "ghosts" come only
by loops. As the function F (IC1,K2_) 1is smell both, at low (Kf«{)
and at high (K£{>> 1) momenta and when (3.12) takes place, and

also in consequance of antisymmetry of R K1,Kz,) function
Fk-k)=0

Fkk)=0 |

one may in zero epproximastion (over /g ) neglect the contribu-

(3.15)

/
tion of terms containing }()g,xs,x;’) function in the action
{2.20). In this case the producing functionel (3.1) can be

writien as (with en accuracy of an inessential constant factor;
/ [7,7 NARAI Sﬂﬁ DB BT 2 DCDCexp(iSey)  (3.16)

where

S;H =S +8S, (3.17)



'S_Lq/(x)y‘atf/(x)_mw(x)w(x).p 18 (x)(}’w Pl id i?‘oy)B’(XH-
+1 3“(,0( I 4 9’9")8 0)+C009 C )+ C%0) I C %)+

H] 0B B+ ] 608" ’f~)+‘/’fx>7m+7 09+ C%0F 0+ FooC 0

(3.18)

Sl- g0y f(x,X’xs)B"(xs)‘//(x)+ Ji‘V(X))”}’(X,X Xs)épg)w(x )+

ok %
F _Z.*f Ca[(x X X_.,-) /‘(X)B Xs)B (Xs)_
2 a+sl :
£ y {_afca((xs,xs)x)d(ys’ys,x)B/“(xs)Bf(xsl)B‘/éys JBE9 )+

+ f.f““c"(x) Lol 6x. 938703 %)

— (3.19)
}'a(x) and | < are currents, corresponding to the "ghosts"
CT[") and CYX) . The ourrents of C (%) and C?) fields are
not included in (3.18) because in the given approximation. thece
nghosts" are absent in the interaction (3.19). Integrating
(3.16) we get the following elements of diagrammatics in momem-

tum sgpace:

potaay i Bo=fi(g - Sli-a) .20
4y L.a’ ()5 755(9 ,,__ﬁ;.cgza_/))g" (3.21)

o
i~ '=C o { S(’C) ¢j = T—L;z—_&f (3.22)
PRS-V S/ X () WS S g (3.23)
Va3
( , (3.24)
Ky K "E‘)—‘g—:rﬂk(sz/c’)g‘:/ .

J

1



Ly g TR T,

K K, [})’”7}?}{(&_—&0 (3.25)

4,/43\&; _
| Bk fz%)t“"‘/({/‘@(xf,r,) (3.26)

g \\ ‘c
y ,f _ _g _j_atc[,z)(x,,xz )(/c,~lcz)4 z,, W
{
6 +.Z)(Kz,'<s)(/ﬁ-’<3)u Hut (3.27)

os o +DMKN KK gu]

. 2 abe; cd
it ~(2 [0 800003 1“8 B i

+J(K15)3 (Kz,kq)fﬂ?%( g,,,,g,;f— Hud)t  (3.28)

P FRSIBS (G, 05 5)]

4. On soiution of fundamental equations of the theory.

. \ . 2.0 Py
There is an unknown function R(Kﬁ/(_z) in diagrammatics ele-

zents {the function JJ(X,K.) is determined according to {3.10)).

. , , - (A
¥ trace one of the possible ways to find R\/K‘[’:,I‘\.L), S0 we con-

ar o system 0F equations

p - f /
7S N R LAY 4 N . .
Ay i,r l_X‘.,\u_;,%f_/‘(u‘_ : a\;r\,xg S= s S(XS‘VX\( ) (.5 1%
D 4A : RS : o B et
J §



f10gx£xs) is & representaticn of the generalizedif(k,xixs)
function. The momentum representation (Euclidian momentun

epace ) is

] —xyfd %
&X/Rs("ﬂ o = ;, (4.3)

[Rs (Ki,PRs (R k2)-
§>0

(4.4)
—4 J_ZA’ (P-ket 3,%~P-2 Rk P2, DR3P DR )] =0

It is seen from (4.3) that a whole function with asymptotic

behaviour no slower than —IFE where &> 0 and K+ oo 4, for

any variable can stand for Rséthﬁk) « Therefore, we look for

the solution of equations (4.3) and (4.4) in the form
=6 —ioo ~By~(o0 ~Gyivo

Rogbfar (s Vi H;)/”’ TS o 578

0<S<1 (4.5)

"GE"": =~ %'H-e ‘G‘z‘f'in—

where £ <6y, 6,<{:0<6,<1 : U’({t;)-w’; ) end 6=6;

owing to (3.8) and, moreover,ZfﬁgQCU..j according te (3.11}
uhstituting (4.5) inte {4.3) and (4.4}, doing all integrations

engd peasing to the Iimit E.ﬁ.o we get a system of non-linear

algebraic equaticns, generalily speaking, for complex variables

3t o) a 7 5 3 3 9 j <N
1/"(”;5&.{'\’; s a‘n"/ln/m)K:/ a.nalmv'(m)”,-{/ {‘ﬂhere g——:il v‘(”)a)-é)z.
o'\"]"v/t' by l
BRI
' ¢ "i? !
<2 2o

H
t
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i
L
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~
i
3
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A
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]
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i
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1
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3
~
[aY
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o
{
N
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&z(A>B>C)=0 €4.8)

(AB,C2 E,G, /'/=0,1,2,...,'N=-2,./,0’.__; z=0,12,...)

g{’(slﬂz( )'

a=M-{
£=M-S+¢

whoro oo
R /,x)_—-Z( {)MH

;”l,lt-o S=o0

a/t! (ar-b-s+{-m)!
M) (M5t )/@+4+/-M)'(M+4)I(M—sﬂ
' aﬂ'(m M-2-a-€-k,d-¢)

‘Wn){‘m)’—ﬁﬁ's) ”( K,a'kf—s-f-{ )x 7 .
) : Vi, M2 A-f-Kyl=t )
(4.9)

Pherewith, Eq. (4.8) ensures the regularity of -Z)(ky,kg) function.
The analysis of equations (4.3) and (4.4) and also that of
self-energy diegrams show that the (f,%,7) function must be-
have as f/[r(f+}’)rﬁ+§)rz({+7)] , where [(<) 1s the gamms
function and, moreover, near the intiger values of o( and /B
variables

i‘b’{n m KV - p-n,Y—K) o (4p+1 )/[ [Ce+1)(p+1)] (4.10)

hom k=0
The,refore, with regard to the implied convergency of series in

(4.6) - (4.9) one can "cut off" the system limiting oneself to

a lai'ge but finite number of equations and just to the same
numbef of variables. The exactness of numerical solution of

this "cut off" system can be improved by enlarging the number of
variables and, consequently that of equations. The single-valued
datermination of v’(f,ﬁ,i) function (of course to within an error,

14
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by integer-valued W'I,M,k:) ,37”'(”,;”,&) , and %—}-{ (m,n,x? is
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.

-4

Ag an exsmple we consider the self-energy operator of 4§uéd
gauge fields in the second order of the perturbation theory
which is described in this approximation by the following

diagrems: K &
K K
g g, 4 g . ¢ gz 2 2 . 20 (5.1)
e prete 4 Ao, Y + + i Yo
Gp g2 b kg b o £ ap Eﬂ .
7 v
(o) (p)

In accordance with the afore-cited Feynman ruleé this operator
is equal to (teking into -account that.J(k,g—k)=23(4,~K)=2(k%))

af @)z
hw=1, (9)+ Zﬁtfh@) (5.2)
&) 2. 0ef o'
Poktgy=— 5Ll g0l Sl SEOpSes) 52
PY \ b (d P\ '
Tiktg)= g5 {4 (D0k-1) (i o) (5.4)

where

J= ;j.{z (38, G+Ys By (k=51 )+
+2 (g+n%,t(lc-2g)5 iy (k ).8/“ ! (k-9)+
+2 (34K g-20) () D1 (k-9)+
+2 (3-2K), (lc+z%,@‘fl(n)z>ff:(/c-¢)+

+(4-26), (3~ 26), By (g 6-9)}

15
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Tyo= 2010 B9 = 8y )

- _81_250(,() 2, (e~ Kulk=2)+ K (k-]

Voo 1 k
m/w(&)"' E—LE( %“V‘ %{-) (transverse gauge, A=0)
Summing up on the number of families of fermioms in (5.3) is
meant. Using the expressions (3.10), (4.5) and (4.8), the func-

tions 'R(IC,Z- K‘v)fz and (,@(K,—i))z can be represented as

IRE(KE %kl = Z( e (_}: )"JZ, az;g(~(x:+'n‘)l‘—[('<e-&ﬁrﬁ“]£‘)(s 5)

(5.7)

rln,!
he,n, n,=0
(Dl 75))_}:(‘%#)0/,,( - (- z){‘) (5-6)
;ith a f“- s W )17 Eenp O l-E+rt) . 7~
(2= Ly tanp-Fran - z-
A Ty it e O k1)

~bypion ~dymice
dn(%z)-af,zjl ﬁjw(y ”Zﬂ(ﬂ w0, rp-E-AFZIF  (5.8)

- l““" ~¢z+t- A= ( 1< ag ,{F <l2; q’,‘ >-2)

W(«ly?,y)zz U(/l,gx)m—iz,d-/u)y.x) (5.9

HMNA=0
Bapy) = Qyep)+Q(p%Y) (3-10)
where /7 is the mass of fermion , a_nd,@,(dpﬂ,)’) is determine
from expression (4.9). Substituting (5.5) and (5.6) into (5.3)
and (5.4), correspondingly, after integz;ationa one obtains

16
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nl !
noreiral TR0

?{M’M!k,h—k)?‘ yc,n,«;)(&m%_ y/(4+n))+£—! (M,‘,, z,,s(x,n-x)é“v(lc,n, 4))}
=0

{ (5.11)
S By
where X __*___ f—t) ‘{--Z f(‘/-t) x
% Fh3)= r(‘/—}')l'ﬂ-ﬁf)o ( ( ) (5.12)
d [tA-tX%. %~ 9 %.,)~ W +”( m* g‘t(/—t))&.y]
Pty LE N5 z e e’

’Z{ﬂn("’”"‘ )(Z Fu L) 7"y~ Va4 )+
K=0 :

+;?—,_(9n("""x)( “Zf /; J( IC,.L,%))J

(5.13)
,v;hore F
> > = - —f ‘L
.: 'ITzF(Z" 2 7-2 :

3 S T (K Tk~ g5 w0
™ ) [l >f+/c3(1-t)]” t

and according to (5.7) and (5.8)

17
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R R

Wz,mn;(df)EW(dm,ysmz ) [Gatr+0) (+h4)
[+ +1)
B, @p) = H(/ﬂH)é‘(d/«,n-v f-4)
Hence, in R approxlmatlon m¥? «]gﬁ[ & j , for the transverse

part of the polarization operator we have

f 49)=(59,- 4T (5.16)
where
T@)=- LS Y- £ -ne D% 0(1)), @=-°

and ﬂf is the number of families of fermions. This result

(5.15]

agrees with the analogous expression in the local non-abeiian
gauge theory (in the limit £-0).
6. Conclusion
Thus, the afore~cited non-local theory satisfies the corres-
pondence principle. Mcreover, firstly, in contrast to the exis-
ting non-local quentum field theories [5,5] , mainly the necess-
ary restrictions on analytical and asymptoticel broperties'of
form factors underlie the theory and are not introduced from
outside by requirements of finiteness, unitarity, causality and
so on, mede to S -matrix; secondly, due to the presence in
all vertices at least of one of the functions R {k,,l{;) ’ l‘_(Kth> or
Z)(K,,K‘z) with asymptotic behaviour —-1_,,5 , where &>0 at
Kg» oo , all diagrams of the perturbative series are finite;
thirdly, on the basis of the united principle of non-local
gauge invariance, the symmetry groups SU(N) and U( ‘/) are natur-
ally unified, since it follows from (3.2) and (3.3) that even
in the case with only one SU(N) group a part of U(’l) type

gauge transformations are generated.
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The uniqﬁe determination of the Mellin image off&h)gafunc-
tion in Eq. (4.5) is connected with two-way limitation on the
asymptotical behaviour of the functionR(K1,K,_) at high Euclidean
momenta (in the meantime, the theory gives only limitation from
below), and also with analytical properties ofI)(F)Z’IZ) function
and requires a further research.

The author expresses his thanks to prof. Matinyan S.G.,
Asatryan G.M., Savvidy G.K., Prochorenko E.B. for valuable cri-
ticael remarks sand also to Mamijanian E.A. and Mnatsakanyen E.A.

for assistance.
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