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CTpaH<;TBOM MHIJKOBCKOI'O O.TBe'!aeT rrpenenbHbiH rrepaxOA f O-+ 0 • 
Ma OCHOBa Tpe60B8HHll HHBapuaHTHOCTH OTHOCHTa~HO nOKanbH~X KanH5po­

BO'IHbiX rrpeo6pa30BaHHH BBe!ISHO B3aHMOAellCTBHe CO CKanl!pHoA KOMTIOH8HToA 

¢ aneKTpoMarHHTHoro rronll. Yc'I'aHOBneao, 'ITO aenHq~a cb s HoBoA cxeMe 

C HS06XO!IHMOCThiO l!BJJl!eTCSI yrnOBOH nepeMeHHol!: 1¢1 < ~tr. 3TOT $altT 
- f

0
e _ 

MOJKeT 06'1)SICHHTb Ha6nroaaeMyiO Ha OIIblTe uenO'IHCne.HHOCTb aneKTpH'l&CitiiX 38-

PS!!IOB 'l8CTHU. 

llpenpHHT 06be~UU!eHHOI'O HHCTHTyTa JIAepHhiX HCCJieAOB&Hidi 

,lbr6Ha 1975 

Kadyshevsky v. G. , aa teev I1. D. , 
i'.Ur-Kasimov R.H. 

E2 - 8892 

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 fundameutal length £0 • The limit fo ... o 
corresponds to the usual local theory with Minkowsky p -

space. -
Basing on the invariance under local gauge transforma 

tion the interaction ~lith the scalar component ¢ of the 
electromagnetic field is introduced. It'is shown that I 
the quantity ¢ in the new scheme is necessarily an angular 
variable: 1¢1~ ~"·This fact can explain the observed in-

< o-e 
te9rality of the particle electric charges. 
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The electric charge •c of all knov.n elementary particles is 

integer lilUltiple of the electron chare;e e . This fact, ho··:ever, 

has no convincing theoretical interpretation. It has been noti­

ced /1-3/ that '! is integer multiple of e in theories where com­

pactness of the group of gauge transformations is postulated. 

Examples of such theories are the gauge field theories on lattice 

space-time/4/. 

We shall de1aonstrate that electric charge quantizat con ap-

pears necessarily in the framework of quantum l'ield theory ( IT) 

grounded on ne\': physical ideas about momentum space 17-'11. This 

approach is based on the follov1ing reasoning; 

1) In the ordinary local ,,FT the pseudoeuclideru1 character 

of the four-dimensional momentum space in which fields, currents, 

Green's fun~tions,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 tnergies and large momenta where the theory 

confronts difficulties (divergencies) in order to avoid them. 

2) The axiomatic field theory in the form of Bogolubovf8 •9/ 

can be reformulated ass~g that the 4-momentum space poGsesses 
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De Sitter geometry. Concrete realization of such a curved p-space 

is the surface: 

L 

fo 
~2 

f 
~ 2 2 

+ M P~ = M = 

,{ 

7 
0 

(1) 

The constant eo is the "fundamental length" and M is the "fun­

damental mass". The formal limit eo---'" 0 corresponds to usual 

"flat" theory. In the system of units t = C = M = £o = l, 
which we shall use,the region 

Po, I pI<< 1 py 1 (2) 

corresponds to the flat theory. 

The Klein-Gordon equation has the follO>\ing form in the new 

scheme: 

2 Cpy- m4)~(p) =0 (3) 

:.here m'l :::.vi- mz.' , 1 P~ \ = ~/1-p1 1 

surface (1) coordinates ( W, p ) 
• Introducing on the 

p. =~up' sinw (4) 

p4 =Vi+ p'-
1 

CDSW 

we have instead of (3): 

2 (fi+f 1 (o~w- m.,)~ (w,p) = o · (5) 

Let us consider the 4-vector: 

" . d M ir = - {_ P4 -o p
1 

, r=-O,i)2.~ (6) 

which is the generator of the 5-rotations in the ('-!-}'-)-plane. 

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

form: 

4 

1 
l 

J 
\ 

~ 
1\A = - 1.. i"w \y \40 (7) 

The discrete eigenvalues no of this operator play the role of time 

intervals•>. The correspondent eigenfun~tions can be easily 

written: 

<n..lw> ::::: e..:ttw (8) 

Of principal importance is the fact that in this scheme invariant 

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

Here a specific step function of integer argument arises natu-

rally: 7i . 
~ ~ e_ -:(n-h')W 

'-1 lit' 1 w . - "(.'} -2 -'E. 
-11 0 

dw ~ [: 
h>h. 

$-(n.-~) \1.. < n,' (9) 

It may be shown that the causal Green's function of the equati­

on (3) is vacuum expectation value of the Tn-product of ~ -fi­

elds 161. This circumstance allowed to construct a generalizati­

on of the Bogolubov•s causality condition. 

Let the field f ( w, p ) describes scalar particles with elec­

tric charge Q ::: C[ e . How can one introduce interaction with 

electromagnetic field in equation (5)? Let us require simply that 

the equation for the ~ -field remains invariant under local 

gauge transformations. In the ~sual theory the corresponding 

analysis is carried out in configuration space. For simplicity 

let us perform one dimensional Fourier transfprm in the variable -W and let us work in "mixed" ( rv 1 p )-representation: 

•) Because of the translation invariance of the theory 
only relative times are quantized /5-7/. 
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I It _.., i I LhLJ t!; --'> d 
'f(h-,p) = .nr Je y(w,p) w (10) 

j~uation (5) in this representation takes the form: 

1 ';) r Ji~f ( e ')h + e- ~h) -- 2 m4] p ( h' p ) 0· (11) 

Let us now transform the function tf ( r1, p) 

l _, -{ Q /\(... ) I I 4 

lJ(YL,r)_. e 1l{M-,f), 0 =qe. (12) 

The equation of :not Lon for the <f' -field will be invariant under 

(12) if one introduces gauge field ~(h) with the following 

transformation law,~~): 

~(h,) -7 Lf(n_) + ~ ?dn), (13) 

where 

6, r\.( n.) == i\. ( n. + i) - f\. C \\.) 
(14) 

is the finite-difference derivative of the gauge f~~ction )l(n). 

The equation itself gets the following form: 

) 

J1 + p~ ( e- c<~:r e"h: + e-·'l" e·Qlf)tfcn.r)o:m'ff,.Ji)~15) 
0 -~ qc 

In the flat limit (3) equation (15) becomes: 

[ ( i {t - Q ~) ~ - . F ~] lf ( t, f) = m z ~ , t, f) (16) 

•) Here it is sufficient to consider ~ -field as a function 
of one argument h. • 
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In such a \'lay~ in (15) is a precise analo~ oi the scalar po­

tential of the electromagnetic field. 1\nalyz ing the equation (15) 
it is easy to see that the variable Q If' has an angle variable 

nature like the parameter w. But the region of definition of the 

gauge field cannot depend on the value of the electric charge Q 

of the field iJ . For this reason one has to consider the quantity 

(} :f as the analog of w . Hence, the limits of variation of 

e ':f are the same as those for U) : (-.Ji, Yl) •. utting (compare 

with (4)): 

eAo=fi+e 2 Az' Stne'f 

A~ = Vi + l A 
1 

Cos e lf /et.f/511 
(17) 

one can introduce Cartesian coordinates o!' the electromagnetic 

field ~eAa,QA, A,) under the condition (compare with (1)): 

2. 1 l.""j't < 1 cA-cA+A = 
0 't 

(18) 

So in our approach the electromagnetic field is rn orn" nt urn-1 ike 

unit 5-vector. Taking into account dimension reasoning 

one can consider the quantity e./{ as a more "fundamental" object 

than the field A itself. 

~;ince addition to the potential lf quantit:.es multiple of 

~Tye must not influence the physical results, then in the equation 

(15) only electric charges 0 of the type 

0= ~e =!Ve (N is integer number) (19) 

are allowed. 

In conclusion let us notice the follov1ing. 

1) 'rhe conclusion that the charge is integer multiple of e 
is obtained in the fJ.·amework of ; l"T rigorously satisfying the 
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requirements of the Lorentz and translation invariance, The time 

quantization is consistent with these requirements. ~herefore the 

field equations of motion are relativistic and translation 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.T.Blokhintzev, S,S,Gerstein, A.A.Logunov and Dr. A.D.Don­

kov for 1ruitfull discussions. 
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