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INTRODUCTION 

This work is devoted to generalization of an additive num
ber related to a global gauge transformation in U(l) and 
SU(N), N £ 2 vector theories without Higgs symmetry breaking 
or involving such Higgs symmetry breaking. 

I. CHARGES IN U(l) THEORY 

A global gauge transformation in U(l) theory with the 
Lagrangian density 

^ « = 4 ^ / 1 , + 1 ( ' ^ ^ (i) 
and 

FHV=dHAv-dvkV XH=dH ' i e A M 

is defined by the expressions 

(2) 
i£'(x) = e 0(x) 

- —iea — siea 
0'(x)=e <Mx), U ( l ) - e 

Since U(l) is topologically equivalent to the first homotopy 
group г / П J(U(l)) = Z , the U(l) transformation in the general 
case is of the form 

tie a 
U(l) -» e , then Ф*ф , 

where e = п-e, n = 0 , 1 , 2 , . . . and 

* ' « =e i e n a 0fx) 

^ n ' (x)=e " (6p(x) (3) 

4 It" 
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/n 4/ 

The vector current ' 

is conserved 

In this theory one can define a number related to the charge 
{ =±ia- = ±n and £,(x)->2£. (x). (6) 
n и i n in 
It means that in the general case fermions фп, фп are able 
to have multiple charges e n = n-e. For transition to the stan
dard theory with Lagrangian density (1) it is necessary to as
sume that fermions J and фв have a charge equal to n = 1. In 
a strict approach it is necessary to prove that spin 1/2 is 
related with charge n = 1. 

In U(l) theory with a Higgs sector 

W i s v д 2 < о> л2> °- ( 7 ) 

The gauge transformation of scalar fields 

ф'Ь) = e i S a tf(x), ф'%) = e _ i S a 4+(x) (8) 

cannot be interpreted as a gauge transformation with respect 
to the charge e because this leads to a contradiction. This 
is connected with a fact that before transferring the degree 
of freedom to the vector gauge field A„ the field ф is a comp
lex field and has a charge + ф(ф*) , and after transferring the 
degree of freedom to the vector field, ф becomes a real field 
and the charge of this field has no sign. Making the transfor
mation 

A 

у/г 

e - i ! i 
ф (x)=e e ф(х) =-(0 + 7?(x)). 

v/2 
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from the second p a r t of (7) we have 

**=7^e-|c^4v8 + 7 ( e 9 ) 8 V J ' , + 

1 2. . _ P 2 2 u 2 3 4 
+ -g-e B^B jj + 0e B^B т) + 4Х9 v + Лт, 4- . . . ( 9 ) 

e.g. d> , Ф ч T) , f. At the same time the fermion field Ф, Ф 
remains to be complex and accordingly fermions will possess a 
sign of the charge. For a reason to make this theory, in the 
presence of Higgs mechanism realisation with Lagrangian density 
(7), self-consistent, it is necessary that the fermion field 
must become a real field. To avoid these contradictions, it 
is enough to suppose that fermion fields and Higgs scalar 
fields have different charges. In this case the first part of 
formula (7) acquires form (3) 

£2(x) =Ifln(x) + Higgs' part. (10) 

II. CHARGES IN SU(N) THEORIES (N > 2) 

The global U(1) charge transformation in SU(N) in gauge 
theories with the Lagrangian density 

and 
a a a abe b с 

f W - ^ - ^ v g r v v„ 
2 (11) 

a^^-igV,,, i = l-N, a.b, c = U N -1 
is determined by the expressions 

<//;(х)=е18%.(х), ф'\х) =е _ 1 в а0Чх). (12) 

Transformation (12) represents a U(l) transformation and is 
topologically equivalent to the first homotopy group Г^АКШэ 
^ Z. Therefore, in the general case the following transforma
tion 
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U(l) - e ± i g n a , where g n = n • g, n = 0,1,... 
l gn a - i ->e„a-. (13) 

0;n(x)=e 0 l n(x). 0'n4x)=e n ^(x) 
should exist, and the corresponding current 

^(x) =^(x)y^ i n(x) (14) 
is conserved, 

д^(х)=0. (15) 
Thus, in non-Abelian theories one can define a conserved number 

(16) B„ = + JL: = + n, n = 0, 1.2, ... 
n g 

From the duality 
<Tv i4 , A 1' A'''-e~ i e aA i'e i e a-A i' 

it follows that the number B(A,,) = 0. 
Like in the first part of this work the Lagrangian density 

has the form 

£.(x)-i2JVl Ф. - ~ F a F a " 1 ' . (17) 
3 ' n r и vin 4 iiv 

In the case of SU(N) gauge theories (N > 2) it should be sup
posed (or proved) why n takes only one value, n = 1. 

Within the approach developed in 6 / (when the SU(3) symmet
ry group space is inserted into V 4 space, e.g. there is const
ructed a stratified space E which is locally presented as a 
product E - F x V 4 > where the fundamental representation of 
the SU(3) group is realized in the F layer) where in V 4 space 
the fundamental representation of the SU(3) group is realized, 
one can receive an answer to the question, why n = 1. 

To realize all the representations of the SU(3) group, the 
space of the dimension-8, is necessary, and in V. space there 
can be realized only the fundamental representation of the 
SU(3) group, and the fundamental representation of the SU(3) 
group has n = 1. 

Now we consider the gauge SU(N) theory broken by the in
clusion of the Higgs sector 1 , ? 
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W ^ V v,=Tav;, ,2<o, л2>о " ( 1 8 ) 

up to the subgroup H so that К vector fields become massive, 
while L vector fields remain massless (T*are generators of 
the SU(N) group, L is the number of generators of the subgroup 
H, К + L = N 2 - 1). From the duality ф1' ф% «• ф*' it follows 
that the number Ъ(ф) = 0. As a result of the SU(N) symmetry 
being broken by the Higgs sector up to the subgroup Hi the num
ber B(i/i) determined by formula (16) does not change. In this 
case in the Lagrangian density У^Ж) term £ 3(x) assumes the 
form (17). 
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