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   The lepton-charge ( ) nonconserving interaction leads to the mixing of the electron, 

muon and tau neutrinos, which manifests itself in spatial oscillations of a neutrino beam, and also to 
the mixing of the electron, negative muon and tau lepton, which, in particular, may be the cause of 
the “forbidden” radiative decay of the negative muon into the electron and γ quantum. Under the 
assumption that the nondiagonal elements of the mass matrices for neutrinos and ordinary leptons, 
connected with the lepton charge nonconservation, are the same, and by performing the joint 
analysis of the experimental data on neutrino oscillations and experimental restriction for the 
probability of the decay  μ

τμ LLLe   ,  ,

– → e – + γ  per unit time, the following estimate for the lower bound of 

neutrino mass has been obtained:  2
)( eV  1.5  

c
m >ν  . 
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   1. Mass matrix and states with definite masses for neutrinos and charged leptons   

      Taking into account the  CP invariance  ( T  invariance ), the mass matrix for the neutrino 
family should be symmetric and, due to hermiticity, real. It has the standard 3-row structure 
with the diagonal elements representing the masses of electron neutrino, muon neutrino and tau 
neutrino, whereas the nondiagonal elements ( ) charac-

terize the degree of lepton charge nonconservation. In doing so, the states with the definite 
lepton charge (“flavor”) 

)()()()()()(      ,    ,  ν
τμ

ν
μτ

ν
τ

ν
τ

ν
μ

ν
μ ≡≡≡ mmmmmm eeee

〉〉〉 τμ ννν |  ,|  ,| e  are connected with the stationary states 

〉〉〉 321 |  ,|  ,| ννν , being related with the definite masses  m1, m2, m3 , by the unitary transfor-

mation and the respective unitary matrix is real [1] . As a result, all the nondiagonal ele-
ments of the mass matrix can be expressed through the differences of masses of neutrino 

stationary states and the elements of the unitary matrix U  ( the detailed consideration for  

is given in [1] ) . Finally, using the representation of the mixing angles for the neutrino statio-
nary states – which are formally analogous to the Maiani angles of quark mixing [2–5] – and 
assuming the masses of all the three stationary neutrinos to be approximately equal to each   

other [1] , we obtain the following formula for  [1]  (  is the common neutrino mass ) :                            

 ˆ U

ˆ )(ν
μem

)(ν
μem )(νm

( ) 2 2 2
12 23 13 12 23 13 2 1( )

2 2
13 23 3 2

1    [ ( sin 2 cos cos   cos sin sin 2  ) ( ) 
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           sin 2 sin  (  ) ]  .

em m
m

m m

ν
μ ν= θ θ θ + θ θ θ

+ θ θ −

m− +
                   (1) 

      For the family of leptons, taking into account the lepton-charge non-conserving interaction, 
the mass matrix is quite analogous to that for the neutrino family – its diagonal elements are 
equal to the masses of electron, negative muon and τ– lepton , whereas the nondiagonal ele-
ments  (  ,   ,   e e e eM M M M M Mμ μ τ τ μτ≡ ≡ ≡ τμ )  are negligibly small as compared with the electron 

mass  Me  and with all the differences of lepton masses.  

        Within the perturbation theory first-order approximation, the stationary states of leptons, 
related with definite masses, are the superpositions of states with different lepton charges  [1] : 

eeeeee 〉τε+〉με+〉=〉′ τμ  |||| ,  μτμμμ 〉τε+〉ε+〉μ=〉μ′  |||| ee ,  τμτττ 〉με+〉ε+〉τ=〉τ′  |||| ee . (2)   

   The masses of stationary states practically coincide with the masses of leptons ; meantime, the 
mixing coefficients in Eq. (2)  (  1    | |  , | |  , | | <<εεε μττμ ee ) are expressed through the ratios of 

nondiagonal elements of the mass matrix to the differences of masses of respective leptons  [1] .                               
                                                                                                                                                              
3.  Decay  μ– →  e–  +  γ  and estimate of the lower bound of neutrino mass 

     Now let us estimate the probability of the “forbidden” radiative decay  μ– →  e–  +  γ  per unit 
time, assuming that this decay occurs on account of “admixture” of the state  with the 

electronic lepton number  L
μ〉e|

e = 1  to the state of negative muon  ( see  Eq. (2) ) . We may write : 
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                          .                               (3) )   | (||    )    ( 2 γ+→〉ε=γ+→μ −
μμ

−− eeWeW e

      In doing so, the probability  may be calculated applying the standard 

guidelines of quantum electrodynamics [6]  ( see [1] ) . Finally, we obtain the relation [1] : 

)   | ( γ+→〉 −
μ eeW

 2 2 22 2  (    )   (    )          
2 2  

e e

e

M M c Me eW e W e
M M c M c

μ μ μ− − + +

μ μ

⎛ ⎞
μ → + γ = μ → + γ = ≈⎜ ⎟⎜ ⎟−⎝ ⎠

2c .       (4) 

   According to the experimental data [7], 11(    )   1.2  10  (   )eW e W e− − − − −
μμ → + γ < ⋅ μ → +ν +ν  

( 6(  )  0.455  10   seceW e− − −
μμ → +ν +ν = ⋅ 1 1). Thus, 5(   )  0.546  10  secW e− − −μ → + γ < ⋅ − and, due 

to Eqs. (3),(4), 2 26 2 10 2 4 5 | |  0.936  10 , | |  1.032  10  eV , | |  1.016  10  eVe e e
2M c M c− −

μ μ με < ⋅ < ⋅ < ⋅ −  .       

    Further, let us make a natural assumption that the mixing of ordinary leptons  ( e , μ , τ )  and 
the mixing of neutrinos  ( τμ ννν   ,  ,e )  are conditioned by the same lepton-charge nonconserving 

interaction . Then the nondiagonal elements of mass matrices for the lepton family and for 
neutrinos should coincide : , and we obtain – taking into 

account  Eq. (1)  for 

    ,    , )()()( ν
μτμτ

ν
ττ

ν
μμ === mMmMmM eeee

( )  em ν
μ –  the following inequality for the neutrino mass  [1] :   )(νm

( ) 2 2 2
12 23 13 12 23 13 2 1( )

2 2 5 2
13 23 3 2

1| |  | |   | ( sin 2 cos cos   cos sin sin 2  ) ( ) 
4

                   sin 2 sin  (  ) |    1.016  10  eV   .

e eM m m m
m

m m c

ν
μ μ ν

−

= = θ θ θ + θ θ θ −

+ θ θ − < ⋅

+
       (5)                      

      In accordance with the experimental data on neutrino oscillations [7] , assuming firstly that  
2 2 2 2 5 2−

12 12 23 23 13 2 1sin 2  0.86  ( 34 ),  sin 2  0.92  ( 36.8 ),  0 ,  |  |  8  10  eV ,m m cθ = θ = θ = θ = θ = − = ⋅

we find : 2( ) cν  1.46  eVm >  [1] . This value for the lower bound of neutrino mass is in agree-

ment with the upper limit of antineutrino mass  ( 2( )ν  2.3  eVm c<  [8], 2( )ν  2.5  eVm c<  [9] ) , 
derived within the study of electron spectrum in the tritium β-decay  ( see also [7] ) .     

    Meantime, in case if   , the value for the lower bound of neutrino mass will 

change : 

||    || )(ν
μμ ≠ ee mM

( ) 2 1.46 |  |  eVm cν > η , where ( )   e e
M m ν

μ μ
η =  is the ratio of nondiagonal elements of 

the mass matrices for leptons and neutrinos . If, in further experiments, the upper limit of the 
probability will be reduced, this will testify to the fact that  | η | < 1 .  (    ) W e− −μ → + γ

    Under another set of parameters, taking into account the latest data on the nonzero neutrino 
mixing angle θ13 : ,2

13 13sin 2  0.095  (  9  )θ = θ = ° 2 2 3 2
3 2 |  |  3  10  eVm m c−− = ⋅ 4 [7]  and the above 

values of  – we would obtain the estimate 2 2
12 23 2 1 , ,  |  |m mθ θ − ( ) 2 (12.1  15.1) |  |  eVm cν > ÷ η , 

which may be in accordance with the presently known upper limits for the neutrino mass and 

probability of decay μ– →  e–  +  γ  per 1 sec  only at the ratios ( ) 1|  |  |  | ~  10e e
M m ν −

μ μ
= η <  .          
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