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for BSM (                    ) without fine tuning and 
under the assumption that  
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with large           of neutrino”, 
Sov.J.Nucl.Phys. 48 (1988) 512 

Voloshin, 1988 

… there may be  (2)SU 
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considerable enhancement of  
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“Enhanced electromagnetic transition 
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induced non-unitary effects” 
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… However, strict requirements for  
Q quantization may disappear in extensions 
of  standard                              EW model  if  

         with  Y = 0 are included :  in the absence  

of  Y quantization  electric charges  Q gets dequantized 
  

In SM   (without        )  triangle anomalies 
cancellation constraints          certain relations among particle hypercharges     , 
that is enough to fix all          so that they, and consequently Q,  are quantized 

gauge invariance                                                                                         
+                                                                  

anomaly cancellation constraints 

neutrality Q=0                         
is attributed to 

imposed in SM of 
electroweak  
 interactions 

Foot, Joshi, Lew, Volkas, 1990; 
Foot, Lew, Volkas, 1993; 
Babu, Mohapatra, 1989, 1990 
Foot ,  He (1991)  
 

…General proof: 

In SM : 

Q=0 
Q=0 is proven also by direct calculation in SM  

within different gauges and methods 

              Bardeen, Gastmans, Lautrup, 1972; 
       Cabral-Rosetti, Bernabeu, Vidal, Zepeda, 2000; 
       Beg, Marciano, Ruderman, 1978; 
       Marciano, Sirlin, 1980; Sakakibara, 1981; 
       M.Dvornikov, A.S., 2004 (for extended SM in  
                                                 one-loop calculations) 
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spin evolution in presence of general external fields 
M.Dvornikov, A.Studenikin, 
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General types non-derivative interaction with external fields 

scalar,  pseudoscalar, vector,  axial-vector, 

tensor  and  pseudotensor  fields: 

Relativistic equation (quasiclassical) for                spin vector:   

Neither   S  nor  π   nor   V  contributes to spin evolution 

Electromagnetic interaction SM weak interaction 
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For massless     ,       and         can be defined (finite and gauge independent) from scattering  
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Astrophysics bounds on  

Mostly derived from consequences of helicity-state change 
in astrophysical medium: 
                           available degrees of freedom in BBN, 
                           stellar cooling via plasmon decay, 
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A global treatment would be desirable, incorporating 
oscillation and matter effects as well as the complications due 

to interference and competitions among various channels 

      Bounds depend on  
                                          modeling of astrophysical systems, 
                                          on assumptions on the neutrino properties.  
      Generic assumption: 
                                          absence of other nonstandard interactions  
                                          except  for               
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Technological room 

just under reactor 

14 m only! 

 

2.71013 /cm2/s 

Power:      3 GW 

ON:   315 days/y 

OFF:   50 days/y 

Total mass above 
(reactor, building, shielding, 

etc.): 

 ~70 m  of  W.E. 
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N     ~   ( ~ Power / r 2 )    

         ~  ( Tmax- Tmin / Tmax*Tmin )1/2 

 

                                     
   ~   2.7 ×1013  / cm2 / s 

             t    ~   4  years                                          

            B    ~   2.5   keV-1 kg-1 day-1                                          

            m   ~   1.5  kg  

            Tth  ~   2.8 keV    

 

  2.9  10 –11  B 
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