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Abstract: We calculate the differential and total cross section for the process  assuming that the 

neutrino has an anomalous magnetic moment in the extended Standard Model. Using the LEP results on the 

total cross-section, we obtain a limit of 
88.4 10 B   for the neutrino magnetic moment. 
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Sürecinde Nötrino Magnetik Momentinin Araştırılması 

 

Özet: Bu çalışmada,   sürecinin diferansiyel ve toplam tesir kesiti nötrinonun anomal çiftlenimleri 

göz önüne alınarak genişletilmiş Standart Modelde hesaplanıp, LEP deneysel sonuçlarını kullanarak, nötrino 

magnetic momenti için 
88.4 10 B    sınır değeri elde edildi. 

 

Anahtar Kelimeler: Nötrino, Magnetik Moment, Standart Model. 

 

1. INTRODUCTION 

The question of whether the neutrinos are Dirac or Majorana particles is one of the most important 

issues in particle physics, astrophysics and cosmology. The properties of neutrinos have become the 

research area increasing interest in recent years. The searches for the neutrino mass, magnetic moment, 

dipole moment and anapole moment are of utmost important for the theory of elementary particles and 

for understanding the phenomena such as supernova dynamics, stellar evolution and the production of 

neutrino by the sun [1]. 

The Standard Model (SM) describes many processes in the range of energies which has been reached 

up to now. Neutrinos are the least known particles of the SM and they are treated as massless in the 

SM. Neutrinos seem to be one of the probable candidates of carrying on the future of physics beyond 

the SM. The purpose of some extended theories is to explain some fundamental aspects; for example, 

the neutrino mass, neutrino oscillations, neutrino magnetic moment, etc which are not clarified within 

the frame of SM. In many extensions of the Standard Model neutrino acquires nonzero mass and they 

are named as Dirac or Majorana neutrinos. These neutrinos have different electromagnetic properties. 

Dirac neutrino has three form factors which are the charge, magnetic moment and anapole moment 

since the electric dipole moment is zero for CP conserving theory. If there is no neutrino mixing, 

Majorana neutrino has only one form factor which is the anapole moment. If neutrino mixing is taken 

into account, then there are magnetic and electric transition moments as well. In this respect, as 

aforementioned, the neutrinos seem to be likely candidates of extending the physics beyond the 
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Standard Model. The electromagnetic properties of the neutrinos were calculated by many authors 

using various models [2,3]. 

The magnetic moment of the neutrino was also discussed intensively in the framework of SM and its 

various extensions. For example, SM predicts that if the neutrino has mass of  then 

, but the left-right symmetric model predicts   [2]. Modern Laboratories 

announced [4] that the neutrino magnetic moment are close to ; in fact, some published 

values are: 

    

                                                           (1) 

   . 

The upper bound for light neutrinos deduced from cosmological and astrophysical researches is given 

as [5]: 

 .                                       (2)  

 

In the present research, we study the effects of the neutrino magnetic moment in a model dependent 

approach. For this purpose, we consider the process . Note that, this process has been 

already discussed in various models by many researchers (see [6, 7, 8] and reference therein). The 

relevant Feymann diagrams are shown in Fig. 1. Assuming that the ( ) vertex has only the 

anomalous magnetic moment (see [9] and reference therein), Forgion et al [10] calculated the 

differential cross sections of this process. But in their work the  vertex anomalous coupling is not 

investigated. In this work, we assume that the  vertex has anomalous coupling   

[11]. 

2. CALCULATION 

The Feymann diagrams considered in this study are displayed in Figure 1. 
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                             e)                                f) 

 

Figure 1. Feynman diagrams for the process  . 

 

The expressions for the Feynman amplitude of this process are given in the following equations as; 
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and,  is the photon four-polarization vector, k is photon momenta, 
2p ,

1p ,
1q  and

2q are the 4-

momenta of , ,  and   describe by spinors 
2( )p ,

1( )u p ,
1( )u q , 

2( )q , respectively and 

1 2q q q  . In order to obtain the unpolarized differential cross section, we take an average over the 

initial electron and the positron spins and a sum over the spins of final neutrinos and photon 

polarization. 

The terms which are linear with   are negligible since they are proportional to m  (the neutrino 

mass). Also we have assumed that ' / ( )z zM   . 

The squared matrix elements with 
2 is written (by omitting the other contributions) as 

2 2 2 2
2 2 2

4 2 2 2 2 2 2 2 2

2 2

1 21 2

' ( ) '
| ( ) |

( ) ( )

1 1 1
                       ( )

(2 )(2 )(2 ) (2 )

z z z z z z

e e a b e ea
M e

q q M M q q M M

AA CC CA AC
p k p kp k p k

 

   

 
   

      

 
     

 
  

       

(10) 

where 

2 1 1 1 2( ) ( ) ( ) ( ) ( )A p p k m u p u q q q

                                                                              (11) 
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          .                                                              (12) 

The differential cross section e e    is written as 
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(13) 

Using the same notation as in [13, 14] and also neglecting the electron mass m, after a long and 

straightforward calculations, we can obtain the result for the differential cross section 
2  as 
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(14) 

where 2 / ,x E s E  is the photon energy, cosy  ,  is the angle between 1p and k  and 

s is the center of mass energy. 

In order to obtain the total cross-section, equation (14) should be integrated for the variables x and y 

(photon energy and scattering angle). However, in the general form, these integrals cannot be 

calculated analytically due to the term  which depends on the transfer momentum square (the photon 

energy). Therefore, the integrations are calculated numerically. 

In the calculations, the parameters are chosen as , photon energy is considered 

to be in the region  , and ,  which correspond to LEP 

experiments condition [12]. Previously single photon production at LEP was also performed by L3 

collaborations experimentally. Under these conditions (i.e.   and in the integration we neglect 

the mass of the electron), for the total cross-section from (7) we obtained the result: 

                                                             .                                                          (15) 

If one expresses the anomalous magnetic moment via Bohr magneton, i.e. , where 

 , Using the experimental results as  from [4,6,12]  we then 

obtained the result: 

             
88.4 10                                                                               

(16) 

Finally, the neutrino magnetic moment was obtained as: 

                                                            
88.4 10 B                                                                        

(17) 
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3. CONCLUSION 

Comparing the obtained result with the minimal Standard Model (SM) prediction   

[2], it can be seen that the obtained value for the neutrino magnetic moment has an  times order 

difference of the minimal SM value. 

From the equation (1), it is already known that . If this value is compared 

with the obtained result, it is seen that, the muon neutrino magnetic moment is in a very good 

agreement with the values given in [4]. For the case Fig.1 e) and f) (this models corresponds to the 

magnetic model), we obtain
64 10 B   .  This upper bound can be used in analysis of data of 

reactor neutrino experiments as well as stellar physics. 
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