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Assuming that the neutrino also has a right-hand component, the possibility of obtaining quantization of the electric 
charge of leptons in the Weinberg-Salam (WS) model is investigated. In this case, the relations following from the conditions 
of anomaly cancellation are not used. It is shown that the presence of Higgs fields is a necessary condition for quantization of 
the electric charge of leptons in the WS model. 
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Quantization of electric charge in the Standard 

Model (SM) has been investigated in a number of 
papers [1-4]. In these papers, quantization of electric 
charge was obtained using relations following from 
the conditions of anomaly cancellation. 

 The authors of [5] took different expressions for 
the mixing angle of neutral fields in the lepton, quark 
and Higgs parts of the interaction Lagrangian. From 
the requirement of equality of these angles, relations 
are obtained that lead to quantization of the electric 
charge of particles. We considered the quantization of 
the electric charge of leptons and quarks in the SM 
without using relations following from the conditions 
of anomaly cancellation in [6, 7]. Note that in [6] the 
neutrino had only a left component. Now we consider 
the WS model for one family of leptons and assume 

that the neutrino also has a right component. In this 
case, we have the following lepton fields 
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and the Higgs isodoublet 
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The Lagrangian of the interaction of leptons and the 
Higgs field with gauge fields has the form 
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eLψ , eRψ  , −Rνψ are the left and right isomultiplets of the lepton fields;
 µb

−Yang - Mills isotriplet,  

−µa Maxwell isosinglet;   t


  and  −Υ   is the isospin and hypercharge operator  for  a given multiplet;                                        

g and −1g are the interaction constants . In this paper, we do not accept the Gell-Mann-Nishijima relation for 
weak hypercharges. We accept weak hypercharges as free parameters and fix them from physical requirements.  
We will consider the hypercharge Y of the lepton fields (1) and the Higgs field (2) to be real and denote them as 
follows   
 

                    ( ) LeL y=Υ ψ ,      ( ) eReR y=Υ ψ ,       ( ) RR yννψ =Υ ,         ( ) ϕϕ y=Υ  .              (5)             
 

As usual, for isoscalar fields    0=t


, and for isospinor fields   eLψ  and 2/τϕ 
=− t  

(τ – Pauli matrices). The transformation of the fields 3
µb  and  µa  into physical fields µA  and µZ  will be 

represented as 
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   Let us consider the interaction of leptons with gauge fields. Taking into account (5), (6) and (4) in (3), we 
obtain 
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Here −∂+∂+∂+∂= −−−−

eReRRRLLeLeLKIN ieeieeiiL νννν ˆˆˆˆ kinetic part of the Lagrangian,
 ( )−+= +− ..

22
chWeOgL eCC µµν charged currents interaction Lagrangian (CC),

 

( ) ( ) ( ) ( ) −+++++++= µµµνµµµµννµ γγνγγνγγνγγν eZGGeZggeAQQeAQQL AVAoeoeNC 555
'
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neutral currents interaction Lagrangian  ( NC ). 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
In the expressions KINL , CCL   and NCL  the following notations were introduced 
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µµµ ibbW =± ,    µµγ ∂=∂̂ , 4γψψ += . 
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As can be seen from the expressions (8a), in contrast to the case of work [ 6 ], the conditions of P-

invariance of the electromagnetic interaction and electroneutrality for the neutrino are not equivalent. 
Taking into account the covariant derivative ϕ

µD   from (4) and moving to the vacuum expectation value of the 
field (2) 
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for the part of the Lagrangian responsible for the masses of the vector bosons, we have the following expression 
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where 

            
2
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the mass terms of the fields     ±
µW , µZ

 
and  µA  . 

     Taking into account the fact that the photon mass is zero, from (10) we have 
 

                                                 0cossin 1 =− θθ ϕygg                                               (11) 
 

If we take into account (11) in expressions (8a) we have 
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Taking into account the P-invariance of the 

electromagnetic interaction for the neutrino and 
electron (i.e.   0' =νQ  , 0' =oeQ ) , between the 
hypercharges of the Higgs field and the lepton 
isomultiplets we obtain the following relations 
 

ϕν yyy RL −=− ,           ϕyyy eRL =−      (13)             
 
Taking into account (13) in (12) we have 
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where     −== θsingeQe  is the modulus of the 
electron charge. 

From expression (14) it is evident that the 
electric charges of the leptons depend on the 
hypercharge of the Higgs field and this can be 
considered as evidence of quantization of the electric 
charge of the leptons. But expressions (14) do not 
determine the numerical values of the charge of the 
leptons. 

Taking into account the electroneutrality of the 
neutrino ( 0=νQ ) from (14) we have        

 

 ϕyyL −=                   (15)                                                        
 
In the WS model, the masses of the leptons are 
generated using the Yukawa mass Lagrangian 

                         
..chffL c
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l
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where *
2ϕτϕ ic = . 

Taking into account the conservation of the 
hypercharge from (16) we have 
 

       ϕyyy eRL +=  ,     ϕν yyy RL −=           (17)                              
       

From (13) and (17) it is evident that in this case 
the P-invariance of the electromagnetic interaction of 
leptons and the requirement of conservation of 
hypercharge lead to the same expressions. 
If we take into account the P-invariance of the 
electromagnetic interaction of leptons, the 
electroneutrality of the neutrino and the masslessness 
of the photon, expressions (8b) are simplified and take 
the form 
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and between the expressions for the mass W and       
Z-bosons from (10) we obtain the well-known relation 
 

θcoszw MM =  
           

As can be seen from (18), the expressions for the 
vector and axial constants of interactions with the Z 
boson for the neutrino ( AV gg , ) and for the electron 

( AV GG ,  ) with the expressions in the WS model and, 
when obtaining them for the  hypercharge of particles, 
specific numbers were not taken coincide. 
If we take into account the relationship ϕyyL −=  in 
(13), we have   
 

0=Ryν , ϕyyy LeR 22 −==  
 

From here we can conclude that in the case under 
consideration, the field µA  as a photon field will be 
massless and will have correct electromagnetic 
interactions with leptons only when 
a) the hypercharge of the Higgs boson field and the 
lepton doublet are equal in magnitude and opposite in 
sign, 
b) the hypercharge of the right-hand component of the 
neutrino is zero. 
Considering the relationships (15) in expressions (14), 
for the charge of the leptons we have 
                                                 

0=νQ ,   eQQ eoe −=−= . 
                                                

It follows from expressions (15) that when the 
Higgs field interacts with the lepton field, the lepton 
isodoublet acquires a hypercharge equal in value to 
the hypercharge of the Higgs field with the opposite 
sign. Consequently, inclusion of the Higgs field in the 
theory leads to the fact that when the Higgs field 
interacts with lepton isodoublets, the hypercharges of 
these isodoublets take on quite definite values. The 
hypercharge of the Higgs field fixes the hypercharges 
of the lepton isodoublets. Thus, we come to the 
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conclusion that relation (15) leads to quantization of 
the electric charge of leptons and this indicates the 

influence of the Higgs field on the quantization of the 
electric charge. 
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