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K pewenuio npofneMei KBAHTOBAHUS .3apsaa

PaceMoTpena KBaHTOBasg Teopusd Ho/as, B KOTOPOH NMPOCTPAHCTBO BHPTYAlbe .

gpix 4-uMnynncoB o6nanaeT reoMerpHeit [Je CuTTepa ¢ KpUBM3HON, onpeaense-
Moit dyHnaMeHTanbHoR OnHHOM £ g . OBpiunolt IOKanLHOW TEOpHH C p =Ipo-
CTPAHGTBOM MUHKOBCKOTO OTBedaeT NpenenbHuilt nepexod fg¢-0 .

Ha ocHoBe TpeBoBaHMSs HHPAPHAHTHOCTH OTHOCHTEIBLHO /OKANBHHIX Kaaubpo-

BOYHbLIX Npeofpa3oBaHuil BBeAEeHO B3aMMonelcTBHE CO CKANApPHOH KOMMOHeHTOH
¢ 37IeKTPOMATHUTHOTO NoJd. YCTaHOB/IEHD, 4TO Bennqﬁ?a ¢ B HOBOW cxeMme
¢ Heo6X0oOMMOCTBIO ABJiGeTCH yr/IoBol nepeMenHoi: |¢| < € . 3Ttor daxT
Foe .
‘I MoXeT 0GBACHHTE HA6MOOaeMyl0 Ha ONLITG LENIOMHCI/ICEHHOCTE 3IeKTPHYOCKEX 38w
panoB 4acCTHL,
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On a Solution of the Charge.Quantization
Problem

Quantum field theory is consideres, in which the

virtual 4-momentum space has De Sitter geometry with curva-.

ture defined by the fundamegtal length (f4. The limit f4.0
corresponds to the usual local theory with Minkowsky p -
space. . ~ .

Basing on the invariance under local gauge transforma-
tion the interaction with the scalar component ¢ of the
electromagnetic field is introduced. It-is shown that
the quantity ¢_in the new scheme is necessarily an angular
variable: |¢]| < %ﬁgn. This fact can explain the observed in-
tegrality of thg article electric charges.
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The electric charge . of all knovn elementary particles is
integer multiple of the electron charge € . This fact, hovever,
has no convincing theoretical interpretation. It has been noti-
ced 713/ that ¢ is integer multiple of € in theories where com-
pactness of the group of gauge transformations is postulated.
Examples of such theories are the pauge field theories on lattice
space—time/Q/.

We shall demonstrate that electrie charge quantization ap-
pears necessarily in the framework of quantum field theory ( I'T)
grounded on new physical ideas about momentum space /5-7/. This
approach is based on the following reasoning:

1) In the ordinary local FT the pseudoauclidean character
of the four~-dimcnsional momentum space in which fields, currents,

Green's functions,etc.,are defined, does not follow logically from

-the basic axioms of the theory and is, essentially, an indepen—

dent postulate. Therefore one can try to change the structure of
the p-space at high e¢nergies and large momenta where the theory
confronts difficulties (divergencies) in order to avoid them.

2) The axiomatic field theory in the form of Bogolubov/8’9/

can be reformulated assuming that the 4-momentum space possesses



De Sitter geometry. Concrete realization of such a curved p-space

is the surface:
2
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The constant Qo is the "fundamental length" and M is the "fun-
damental mass". The formal limit Qo—» 0 corresponds to usual

wflat" theory. In bhe system of units J =c = M = €,=1,
which we shall usesthe region

oL Bl 1 - pd
corresponds to the flat theory.

The Klein-Gordon equation has the following form in the new

scheme:

2 (po-m)Ppy=0, &
shere M, :\/i— m2 \PA = \M_—P’" . Introducing on the

surface (1) coordinates (Lu, ?3 ) :
P‘ = \Ju'ﬁ Sin w
Py = L+pr cosSW

we have instead of (3):

2 (Jief cosw = m )Y (wpr=o0 - 2

Let us consider the 4-vector:

4)
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which is the generator of the S5-rotations in the (4}L)-p1ane.

The time-component of the operator (6) in coordinates (5) has the

form:

A 2
M,=-*%a - @
The discrete eigenvalues I of this operator play the role of time
intervals'). The correspondent eigenfunctions can be easily
written:
njw> = et ®)
0f principal importance is the fact that in this scheme invariant

T-product can be introduced in terms of the discrete time n .

Here a specific step function of integer argument arises natu-

rally: —
’ e{/n—h’)‘d 1 n>n'
Fin-r) = o g w ol = ©
pued 4]7,_1 -6 W s O n < h,’
% 42

It may be shown that the causal Green's function of the equati-
on (3) is vacuum expectation value of the Tn-product of HP =fim
elds /6/. This circumstance allowed to construct a generalizati-
on of the Bogolubov's causality condition,.

Let the field 4’“0,3 ) describes acalar particles with elec-
tric charge C} = q,e, . How can one introduce interaction with
electromagnetic field in equation (5)? Let us require simply that
the equation for the ﬂ! -field remains invariant under local
gauge transformations. In the usual theory the corresponding
analysis is carried out in configuration space. For simplicity
let us perform one dimensional Fourier transfprm in the variable

-
(0 and let us work in "mixed" ( ., P )-representation:

*) Because of the translation invariance of the theory
only relative times are quantized /5<7/.
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iguation (5) in this representation takes the form:

2
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let us now transform the function %(V}P) :

> @A) > _
(l)(n)P)» e (P(h,{)) s Q ~C[€’ . (12)

The equation of motion for the 4’ ~field will be invariant under
(12) if one introduces gauge field Y(n) with the following

transtformation law*):

Y (n) = Yy +A AN, (13)
where
A ALY = A (n+d) = A () )

is the finite-difference derivative of the gauge function }\(n).

The equation itself gets the following form:

] 2 ~~2“ 1 il ] >
\fi* Pul (Q G e’z«r\ + e Q‘P) %}(h,f’):mz%ﬂ/’)f"w
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In the flat limit (3) equation (15) becomes:

(Z-ae) - Pleap = ap),

(16)

x) Here it is sufficient to consider EP -field as a function
of one argument n .

et T —

In such a vay ¥ in (15) is a precise analog oi the scalar po-
tential of the electromagnetic field. Analyzing the equation (15)
it is easy to see that the variable J& has an angle variable
nature like the parameter ¢v.But the region of definition of the
gauge field cannot depend on the value of the electric charge Q
of the field i? » For this reason one has to consider the quantity
©Y  as the analog of «w . Hence, the limits of variation of
Y are the same as those for / : (jﬁfﬁk) . ‘utting (compare

with (4)):

eA.=Vire* A simew
= “1?7)
A«:m cos e lew <

one can introduce Cartesian coordinates of the electromagnetic

field (€A, @A, A,)  under the condition (compare with (1)):
2,1 172 2
A - et AT AT =1 (18)

So in our approach the electromagnetic field is momeatum—1ike

unit 5-vector. Taking into account dimension reasoning
one can consider the quantity 6/7 as a more '"fundamental'" object
than the field A itself.

$ince addition t0 the potential Y quantities multiple of
1@@ must not influence the physical results, then in the equation

(15) only electric charges @ of the type

C} = q'e =Ne

(N is integer number) (19)

are allowed.
In conclusion let us notice the following.
1) The conclusion that the charge is integer multiple of @

is obtained in the framework of . T rigorously satisfying the




requirements of the Lorentz and translation invariance. The time
quantization ie consistent with these requirements. Therefore the
field equations of motion are relativistic and tramslation inva-
riant (in this point a principle difference from lattice gauge
field theories appears).

2) The charge quantization may be considered as implicit

confirmation of existence of fundamental length in Nature.

The authors are sincerily grateful to Professors N.N.Bogolu-
bov, D.I.Blokhintzev, S.S.Gerstein, A.A.Logunov and Dr. A.D.Don-
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