
ICTP-NCP School on LHC Physics 
Pakistan, Islamabad– Nov. 22, 2014 

   

 

Elctric-Charge Quantization and Higgs field 

 

 Institute of Physics, Azerbaijan National  

 Academy of Sciences, Baku, Azerbaijan 

 

1 

The Abdul Salam International Centre for Theoretical Physics 

SEVDA RZAYEVA 



1. X.-G. He, G. C. Joshi, H. Lew, B. H. McKellar, R. R. Volkas.  

     Phys. Rev.,  D40, p.3140, 1989. 

2.  K. S. Babu, R. N. Mohapatra. Phys. Rev. Lett., 63, p. 938, 1989. 

3.  K. S. Babu, R. N. Mohapatra. Phys. Rev., D42, p. 3866, 1990. 

4. R. Foot, H. Lew, G. Joshi, R. R. Volkas. Mod. Phys. Lett., A5, p. 95,   

1990. 

5.  C. Geng. Phys. Rev., D41, p. 1292, 1990. 

6.  S. Rudaz. Phys. Rev., D41, p. 2619, 1990. 

7.  E. Golwich, P. B. Pal. Phys. Rev., D41, p. 3537, 1990.  

8.  A. Abbas. J. Phys.,G: Nucl. Part. Phys., 16, p.L163, 1990. 

9. A. Abbas. Phys. Lett., B238, p.344, 1990. 

10.P. V. Dong, H. N. Long. hep – ph/0507155v1, 2006.  

The U(1)em gauge symmetry must remain exact; 

To guarantee the renormalizability and covariance of theory, gauge and   

    gauge gravitational anomalies must be canceled; 

The masses of fermions must be generated by the Higgs mechanism. 
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Conditions of electric charge quantization and fixation: 
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   Quantization of electric charge does not depend on the 

      hypercharge of the Higgs field. 

   In gauge models with right-handed neutrino, quantization of  

      electric charge follows from the conditions of anomaly cancellation  

      and nonvanishing fermions masses only if the neutrino is a  

      Majorana particle. 

Why ? 

 

 It is known that only massive elementary particles have the electric  

     charges (massless are neutral), so the coupling of electric  

     charge (quantization) with the mechanism of mass generation  

     of elementary particles, it is obvious there is and should  

     be investigated. 
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1.  Photon eigenstate and particle charges depend on the  

     hypercharge of the Higgs fields. 

 2. In the issue of quantization of electric charge in the gauge models, it is  

     possible to manage without an explicit accounting of the  Higgs  

     mechanism of mass generation, relying instead on the P invariance of the  

     electromagnetic interaction.  
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  Definition and study of the relation of electric charges with the  

      properties of Higgs bosons, finding conditions for an unambiguous  

      definition (quantization) of these charges is certainly interesting. 
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 Electric charge quantization in SM and its extensions  

Usual way In this report 

Y – from anomalies cancellation 

conditions. 

 

Electric charges from 

Calculation of particles electric 
charges 
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1. Standard Model with right handed neutrino 

2.  

3. 
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I. Electric charge quantization in the SM with right-handed neutrino 
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In general, there is no theoretical reason to require the equality of these angles. 

If these angles are equal 
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In the SM, the quantity defining the interaction of the Higgs and fermionic 

fields with the field Вμ is the weak hypercharge (hereinafter hypercharge). 

(1) 
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This difficulty of the SM may be overcome by using the following three facts: 

  The anomaly cancellation conditions  from which it follows that 

 

  The fact of equality of the Weinberg angle measured in purely leptonic,  

      semileptonic and hadronic processes and assume  

 
  Assumed that the ratios of left hypercharge of the quark and  

     lepton fields to the hypercharge of the Higgs field are baryon and  

     lepton quantum numbers, respectively (A. Abbas [9])                    
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Electric charge quantization  
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P invariance of electromagnetic interaction leads to 
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Thus, we conclude that relations (2) and (3) are necessary conditions for the 

quantization of electric charge and, hence, without the presence of the Higgs 

field in this case there is no quantization of electric charge. 
Interaction of the Higgs field with the fermion fields (or the condition of  

P invariance of electromagnetic interaction) also leads to the 

fixation of the hypercharges of right fields 
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Conclusions 

  
  In the considered models the conditions of P invariance of the electromagnetic  

     interaction and gauge invariance of the Yukawa interaction (which generates  

     the fermion masses) are identical. This fact leads us to consider Higgs fields   

     as a possible mechanism explaining the parity conservation in  

     electromagnetic interactions. 

 

  The dependence of the quantization conditions and electric charges of  

     particles from the hypercharge of the Higgs fields, the identity of electric  

     charge quantization conditions, following from Lagrangians generating particle  

     masses and from the P invariance of the electromagnetic interaction and the  

     fact of the fixing of fermionic field hypercharges by the Higgs fields can be  

     interpreted as new properties of Higgs fields.  
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Thank you for 

your attention 


