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The work is devoted to the calculation of the parameter wθ
2sin  in an external magnetic field in the framework of the Weinberg-

Salam-Glashow model. The new formula for wθ
2sin  obtained from the ratio of the cross sections of the neutrino-electron and antineutrino-

electron scattering reactions in a weak magnetic field shows that  wθ
2sin  is a function of the kinematic and dynamic  parameters. The 

restriction for the neutrino (antineutrino) mass is found. 
 

The existence of weak neutral currents was confirmed by 
the initial observation of −− +→+ ee µµ νν  reaction at 

CERN [1]. The relation between the weak coupling constant 
g and the electric charge e is established with the Weinberg 
angle wθ , which characterizes the contribution of an 
electromagnetic current to a neutral current [2] 
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is not constant and it is a function of the momentum transfer 
squared. One of the possibilities to determine wθ

2sin  is  
measuring the ratio of the cross sections of the reactions [4-9] 
                 −− +→+ ee ll νν ,                                         (3)             

                 −− +→+ ee ll νν ,                                         (4)                     

where       τμ ννν ,l =  and τμ ννν ,l = . 
 Systematic uncertainties in the neutrino flux and 

spectrum create some difficulties in precise measurements of 
the cross sections of the considered processes. The primary 
uncertainty in the neutrino flux is connected with the 
uncertainty in the acceptance of the detector [8]. The 
questions concerning the limitation on the systematic 
uncertainties in the neutrino flux and spectrum is discussed in 
[ 3,7,8].  

 From the ratio of the cross sections of these reactions 

            
)(
)(

ee
ee

Q
µµ

µµ

ννσ
ννσ

→

→
≡                                         (5)                    

it has been found that   032.0209.0sin w
2 ±=θ  [5]. The 

CERN group reported the result 037.0211.0sin w
2 ±=θ  

[6]. The agreement of these experimental results with the 

value of wθ
2sin  predicted by the electroweak theory is one 

of the best confirmations of the Standard Model.  
The reactions (3) and (4) in an external magnetic field 

can be used for testing the theory of electroweak interactions 
in a strong magnetic field. Measurement of  the parameter 

wθ
2sin  in an external magnetic field allows testing the 

Standard Model. This work is devoted to the calculation of 

wθ
2sin  in an external magnetic field in the framework of 

the Weinberg-Salam-Glashow model. In this paper we also 
try to find the restriction for a neutrino mass.  

Generally, electroweak radiative corrections are 
important for precise measurements of the cross sections of 
the considered processes. These corrections to neutrino-
electron scattering in the Standard Model were computed by 
Sarantakos, Sirlin and Marciano [10]. Radiative corrections 
connected with leptonic interactions were also discussed in 
the review [11]. We perform our calculations in the tree level 
approximation. In this approximation and in the conditions of 
relatively low energies and weak magnetic fields the 
electroweak radiative corrections can be neglected. Of 
course, the consideration of these corrections can improve an 
agreement of the results of our calculations with the 
experimental data. 

In our calculations we neglect neutrino masses and 
mixing. For generality, we take into account the propagator 
effects (Z boson contribution). But in the low-energy region 
we will use the low-energy approximation of the Standart 
Model.  

In calculations of the cross sections of the neutrino 
(antineutrino)-electron scattering reactions we apply the 
method of the exact solution of the relativistic wave equation 
(the Dirac equation) in an external magnetic field. This 
method is one of the most effective methods of theoretical 
investigations and it allows to go out beyond the perturbation 
theory and foretell some theoretical predictions.  

 The cross section of the reaction (3) in a crossed 
electromagnetic field was found in [12]. It is well known that 
a constant crossed electromagnetic field simulates an 
arbitrary constant electromagnetic field of the strength 
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if ultra relativistic particles take part in the process. Here 0H  
is the Schwinger field strength, e  is the elementary charge 
and F can be the strength of a magnetic field or the strength 
of an electric filed.  

Let us suppose that the electrons are ultra relativistic 

em>>′εε,(  where ε  and ε ′  are the energies of the initial 

and final electrons and em  is the electron mass) and the 
strength of a constant external electromagnetic field is 

0HF << .  
        In this work we use the system of units where 

1c ==h . The signature of the metric is )( −−−+ . As this 
is a constant external field we can consider the constant 
magnetic field. If we take into account that the vector of 
intensity of the constant magnetic filed H is directed along 
the axis Oz, the longitudinal momentum of the initial electron 
is zero and the vector of momentum of the initial neutrino 
(antineutrino) k is directed along H, we can write the 
following formulae for the invariant spectral variable u and 
the invariant parameters χ  and κ : 
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where αβF  is the tensor of the constant external field,  

)( pp ′→=′ χχ , p  and p′  are the 4-momenta of the 
initial and final electrons, k is the 4-momentum of the initial 
neutrino (antineutrino), 0k  is the energy of the initial 
neutrino (antineutrino), H is the strength  of an external 
magnetic field. Here χ  is the dynamic parameter and κ  is 

the kinematic parameter. In spite of the fact 1)/( 0 <<HH  

due to the condition em>>ε  the field parameter χ  can 

reach the value 1≥χ . In this case, the contribution of the 
field to the cross sections of the considered processes is 
significant.  

In the framework of the Weinberg-Salam-Glashow 
model the cross sections of the processes (3) and (4) in a 
constant external magnetic field are  
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where zm  is the mass of a Z boson, +σ  and 

222 )1( RL gugf ++=+   are for the reaction (3), −σ  and 
222 )1( LR gugf ++=−   are  for the reaction (4), 

w
2
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1g θ+−= , wRg θ2sin= . Here the functions  
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are determined with the Airy function 
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To determine wθ
2sin  in an external magnetic field we find 

the ratio −+= σσR : 
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If we take into account wLg θ2sin
2
1
+−= , 

wRg θ2sin= , we obtain 
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According to the general theory developed in [13] the 

influence of the external magnetic field on the processes (3) 
and (4) is determined by the parameter 

                                  
κ
χη = .                                           (23)                         

Let us consider the asymptotic behaviour of the ratio R  
in the limiting case  

1<<η  (weak field). For 1<<η , we use the weak 
asymototic expansions of the Airy functions (see, for 
example, [14]) 
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where dxxdx /)()( θδ =  is the Dirac delta function, 

3
2−=ηA  is the parameter ( )1>>A ,  )(xθ  is the 

Heaviside function. Supposing in the expression (10) 
1)/( 2 <<ze mmκ , we find the following expression for 
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In the expressions (26-41) 22 /)(1 empqs +=+= κ  is 
the normalized Mandelstam variable. The terms in (26) 
proportional to c  and h  correspond to the interference 
terms.In the expression (26) we retain the interference terms 
for low energy applications.               

When the energy of the initial neutrino (antineutrino) is 
of order ~ MeV ( MeVk 5.00 = )  and the energy of the 

electron is GeV5.0=ε , for the kinematic parameter κ we 
have 1102 3 >>×=κ  and 11 >>+= κs . In the weak 
magnetic field limiting case from (27) we find the following 
formula for wθ

2sin : 
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From the last expression we see that the contribution of 

an external magnetic field to wθ
2sin  is determined by the 

terms proportional to s2η . If we take into account the 



 
definition of η  and formula for χ  and κ , we have 
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The contribution s2η  is determined by three variables 

0k , H  and ε . This contribution is especially significant 
when we have dealings with relatively strong magnetic field 
and low-energy neutrinos (antineutrinos). In this case not 
very high ε  is desirable. If we set 0

210 HH −= , 

MeVk 5.00 =  and GeV5.0=ε , the estimations give 
82 10625.0 −×=sη   that is very small.  

According to the formula (43) the upper limit of s2η  is 
determined by the maximal possible value of H and the 
minimal possible values of 0k  and ε . The order of the 

maximal value of s2η   can not be greater than 
-12 10~23.0sin =wθ . The maximal possible value for 

H  can be 0HH ~  and the minimal possible value for the 

electron energy can be em~ε . In this case the value 
-12 10~sin wθ  can be achieved due to the multiplier 3

0
−k .  

 

However, there is definite restriction for the lowest value 

0mink  of the neutrino (antineutrino) energy 0k . The neutrino 

(antineutrino) energy 0k  can not be smaller than the value 

0mink . Otherwise, the order of the parameter wθ
2sin  would 

be greater than 0.1~sin 2
wθ . But s2η  can not be 

greater than -110~ . It means that the lowest energy of a 
neutrino (antineutrino) is 0mink . If a neutrino (antineutrino) 

is a massive particle, the lowest limit of 0k  corresponds to 
neutrino (antineutrino) mass. So, the muon neutrino 
(antineutrino) mass 

l
mν  can not be greater than  0mink : 
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 This estimation is right for µν , µν , τν  and τν . 
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УГОЛ ВАЙНБЕРГА В МАГНИТНОМ ПОЛЕ И ОГРАНИЧЕНИЕ НА МАССУ НЕЙТРИНО 

      

Работа посвящена вычислению параметра wθ
2sin  в рамках модели Вайнберга-Салама-Глешоу во внешнем магнитном поле. 

Новая формула для wθ
2sin , полученная из соотношения сечений реакций нейтрино-электронной и антинейтрино-электронной 

рассеяний в слабом магнитном поле, показывает, что wθ
2sin  является функцией кинематического и динамического параметров. 

Найдено ограничение на массу нейтрино (антинейтрино). 
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ÌÀÃÍÈÒ ÑÀÙßÑÈÍÄß ÂÀÉÍÁÅÐÃ ÁÓÚÀÜÛ Âß ÍÅÉÒÐÈÍÎ ÊÖÒËßÑÈ Ö×ÖÍ ÌßÙÄÓÄÈÉÉßÒ 
    Èø õàðèúè ìàãíèò ñàùÿñèíäÿ Âàéíáåðã-Ñàëàì-Ãëåøîó ìîäåëè ÷ÿð÷èâÿñèíäÿ wθ

2sin  ïàðàìåòðèíèí ùåñàáëàíìàñûíà ùÿñð îëóíìóøäóð. 

Çÿèô ìàãíèò ñàùÿñèíäÿ íåéòðèíî-åëåêòðîí âÿ àíòèíåéòðèíî-åëåêòðîí ñÿïèëìÿ ðåàêñèéàëàðûíûí åí êÿñèêëÿðèíèí íèñáÿòèíäÿí wθ
2sin  ö÷öí àëûíìûø 

éåíè èôàäÿ ýþñòÿðèð êè, wθ
2sin  êèíåìàòèê âÿ äèíàìèê ïàðàìåòðëÿðèí ôóíêñèéàñûäûð. Èøäÿ íåéòðèíî (àíòèíåéòðèíî) êöòëÿñè ö÷öí ìÿùäóäèééÿò 

òàïûëìûøäûð. 



 
 
 
 


