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If           is generated by physics beyond the SM at energy scale  Λ ,

then

contribution to           given by      m , then

P.Vogel e.a., 2006

Voloshin, 1988;

Barr, Freire,

Zee, 1990

…combination of constants 

and loop factors…

…  problem to get large                and  still  acceptable m
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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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…for recent analysis see

.
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spin evolution in presence of general external fields
M.Dvornikov, A.Studenikin,

JHEP 09 (2002) 016

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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