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STRONG AMPLIFICATION OF SCATTERED NEUTRINO 
AVERAGE ENERGY IN ELASTIC RELIC NEUTRINO-

POSITRON SCATTERING NEAR WHITE DWARFS AND 
NEUTRON STARS 

 
Rasmiyya E. GASIMOVA1,2,6, Vali A. HUSEYNOV 3,4,5*, Billura T. 

HAJIYEVA6, Gulnara H. GULIYEVA7, Nurida Y. AKBAROVA6, Gulshan S. 
JAFAROVA3 

  We have substantiated that (i) the elastic scattering of the lightest relic 
neutrinos by positrons passing through the close vicinity of white dwarfs and 
neutron stars is the alternative mechanism responsible for the production of high 
energy ( ) astrophysical neutrinos, (ii) the close vicinity of white 
dwarfs and neutron stars is a unique natural intermediate laboratory for 
amplification of the energy of the lightest relic neutrinos and (iii) the detection of the 
scattered lightest relic neutrinos coming from the close vicinity of white dwarfs and 
neutron stars is quite possible due to the  reaction.   
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1. Introduction 

 Production mechanism of high and ultra-high energy neutrinos in cosmic 
accelerators is one of the most important problems in high-energy astrophysics 
and cosmology. Here, we discuss the questions connected with the amplification 
of the energy of a relic neutrino whose energy is extremely low (  [1]) 
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and production mechanism of high energy ( ) cosmic neutrinos. 
When relic neutrinos scatter by ultra-relativistic cosmic positrons of sufficiently 
high energy (PAMELA [2, 3], AMS-02 [4, 5] and the Fermi Large Area Telescope 
[6] experiments), the energy transfer from the high-energy positrons to the relic 
neutrinos is more plausible than the energy transfer from the relic neutrinos to the 
high-energy positrons. This unique possibility leads to the increase of the energy 
of a scattered relic neutrino and therefore, it opens a gate to the solution of the 
problem connected with the production mechanism of high-energy neutrinos in 
cosmic accelerators. When the scattering of relic neutrinos by positrons takes 
place in a magnetic field (MF), the latter will affect the neutrino-positron 
scattering by deforming the energy spectrum of the positrons, polarizing the 
positron spins and changing the positron phase space. In general, the neutrino-
electron scattering ( , ) processes in an external MF [7-25], 
which are similar to the elastic neutrino-positron scattering process, the energy-
transfer in these processes and some aspects of the neutrino elastic scattering on 
polarized targets [26, 27] have been studied by numerous authors. V. P. Tsvetkov 
[7] calculated the neutrino (antineutrino) scattering on electron in the ground state 
in a homogeneous magnetostatic field, estimated the electron excitation cross 
section in the strong and weak MFs at  neutrino energy in the Weinberg-
Salam model and  theory and obtained the analytical expression for full 
probability of the neutrino (antineutrino)-electron scattering taking into account 
the MF effect. Buzardan and Vshivtsev [8] obtained an expression for the 
scattering cross-section of a neutrino by an electron in a MF using the exact 
solutions of the Dirac equation in a MF in the low-energy approximation. Lyul’ka 
[9] obtained the analytical expression for the differential probability of the 
neutrino-electron scattering processes in an external electromagnetic field. 
Zakhartsov, Loskutov and Parfenov  [10] considered the anti-Stokes scattering of 
low energy neutrino on relativistic electrons in a MF and calculated the scattering 
cross-section, polarization and mean longitudinal momentum of recoil electrons 
after the scattering as functions of the initial polarization and structural constants 
of the electroweak interaction. Borisov, Nanaa and Ternov [11] calculated the 
cross section of the scattering of the muon neutrinos by electrons in a stationary 
external electromagnetic field with allowance for the effect of propagator of the 
intermediate vector boson within the Weinberg-Salam theory. Vilenkin [12] 
investigated the neutrino-electron scattering in a dense magnetized plasma and 
considered the questions connected with the parity non-conservation and neutrino 
transport in MFs of pulsars. Bezchastnov and Haensel [13] calculated the rate of 
neutrino-electron scattering in a strong MF by evaluating the matrix element for 
the related Feynman diagrams, using the exact wave-functions of the electrons in 
the strong field. Kuznetsov and Mikheev [14, 15], Mikheev and Narynskaya [16, 
17] investigated the neutrino-electron (positron) scattering in a magnetized hot 
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plasma in the framework of the Standard Model and obtained the expression for 
the probability and the mean values of the neutrino energy and momentum losses, 
as well the volume density of the neutrino energy and momentum losses. 
Gusseinov [18] calculated the cross section of the scattering of the muon 
antineutrinos by electrons in a constant MF with allowance for the -boson 
propagator. The scattering rate of the neutrino-electron (positron) scattering was 
considered by Hardy and Thoma [19] in a strong MF based on the technique of 
finite temperature field theory. Huseynov and co-workers [20-22] calculated the 
differential cross sections, energy and momentum losses for the neutrino 
(antineutrino)‐electron scattering processes in a MF with allowance for the 
longitudinal and transverse polarizations of the electrons and the spin asymmetries 
arising in these processes. Guseinov, Jafarov and Gasimova [23, 24] obtained the 
analytical formulae for the differential cross sections of neutrino (antineutrino)-
electron scattering in a MF with allowance for longitudinal polarizations of initial 
and final electrons and medium factors, analyzed polarization effects, calculated 
the asymmetry of the heating of electrons (electron gas) having a left-hand 
circular polarization and electrons (electron gas) having a right-hand circular 
polarization by neutrinos in a MF. Dobrynina, Moraru and Ognev [25] studied the 
neutrino-electron scattering ( , ) processes in a matter with an 
external MF of an arbitrary strength and integrated the probabilities of the 
processes over the transverse momenta of charged particles as well as the energy 
and momentum transferred in them from the medium to neutrinos.  

However, the analyses of the papers [7-27] show that the average energy 
of low-energy neutrinos (including cosmic relic neutrinos) in the final state in the 
neutrino-positron scattering process and the cross section of the indicated process 
in a MF in the framework of the Weinberg-Salam electroweak interactions theory 
with allowance for the transverse polarizations of the positrons in both the initial 
and final states and the related terrestrial applications connected with the 
amplification of the energies of the scattered relic neutrinos have not been 
investigated. At the same time, it should be noted that the cross-sections (or the 
related differential probabilities per unit time) of the neutrino-positron scattering 
processes in a MF in the framework of the Weinberg-Salam electroweak 
interactions theory with simultaneous allowance for the transverse polarizations of 
the positrons in both the initial and final states, propagator effects and medium 
factors (chemical potential and temperature) have not been calculated.  It is worth 
noting that the results obtained for the cross sections of the elastic neutrino-
electron scattering processes in the presence of a MF in some works differ from 
each other (e.g., in the very low energy region in the weak field limiting case the 
cross section (22) obtained in the work [11] is two times more than the cross 
section (4a) obtained in [10], or the sign before the spin term in the formula (4a) 
of the work [10] is not true).  
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The purpose of the presented article is to identify the alternative mechanism 
responsible for the production of high energy ( )  astrophysical 
neutrinos and amplification of the energy of the lightest relic neutrinos, to 
determine the realistic physical conditions under which the lightest relic neutrino 
energy is amplified to energies   and to point the related 
astrophysical sources capable to produce   astrophysical  
neutrinos. For this purpose, we calculate the differential probability of the elastic 
scattering of the lightest relic neutrinos by positrons   

                                                                                        (1) 
in a constant homogeneous MF of the strength  
                                                                              (2) 
in the tree-level approximation of perturbation theory and in the low-energy 
approximation of the Weinberg-Salam electroweak interaction theory, derive the 
analytical formula for the average energy of the neutrino in the final state and 
clarify the role of the neutrino flavour in the elastic scattering of the lightest relic 
neutrino by a transversely polarized ultra-relativistic positron where  is the 
critical Schwinger field strength,  is the elementary electric charge,  is the 
electron or positron mass. We assume that both the initial and final state positrons 
are ultra-relativistic ( , ) and they possess large transverse 
momenta  (    where  ( ) is the 
number of the Landau energy level of the positron in the initial (final) state). If 
both the initial and final state ultra-relativistic positrons possessing large 
transverse momenta are situated in a MF which is directed along the z-axis and 
possesses the strength satisfying the condition (2), then the main contribution to 
the differential probability of the processes (1) comes from the positron states 
occupying very high Landau levels ( ). We consider the case when the 
incident lightest relic neutrino flies along the z-axis (along the MF direction) and 
the longitudinal momentum of the positron in the initial state is zero: .  

According to the neutrino oscillations, one of the three known mass eigenstates 
of a neutrino is expected to be massless [28]. The other two neutrino mass 
eigenstates are non-relativistic today. It is not excluded that the lightest neutrino is 
still relativistic today assuming that its mass is much less than the temperature of 
the cosmic relic neutrino background [1, 28-31]. Since the problem associated 
with the extraction of the neutrino mass ordering (normal versus inverted) has not 
been resolved, yet ([32] and the related references therein), it is difficult to predict 
which of the existing neutrino (antineutrino) flavors is the lightest one. Hereafter, 
in this paper we will only discuss the lightest relic neutrino (it can be, eg., an 
electron neutrino or a tauon neutrino depending on that which type of the mass 
ordering is realized in nature) assuming that it is ultra-relativistic and can be 
considered as a massless particle. Therefore, in the presented work, we have 
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dealings with the massless neutrino model [1, 33] according to that there are only 
a left-handed polarized neutrino and a right-handed polarized antineutrino.  

It should be noted that the relic neutrino energy ( )   
satisfies the condition  

                                                                                     (3) 
where  .  

We use the system of units   and the pseudo-Euclidean 
metric with the signature .  

2. Matrix element, amplitude and squared amplitude of processes 

According to the Weinberg-Salam electroweak interactions theory, the 
 process (or the  process) only proceeds at the expense of a 

purely weak neutral current ( -boson contribution). If an electron neutrino 
participates in the process (i.e., the  process), both a weak charged 
current ( -boson) and a weak neutral current ( -boson) contribute to the elastic 
electron neutrino-positron scattering. 

In the low-energetic approximation of the Weinberg-Salam electroweak 
interactions theory, the terms of  and  can be neglected 
where  is the squared four-momentum transfer,  and  are the -boson 
mass and the -boson mass, respectively. In the case of relic neutrinos and ultra-
relativistic positrons of energies below the  region, the conditions 

  and  are satisfied, and the low-energetic 
approximation of the Weinberg-Salam electroweak interactions theory for the 
elastic relic neutrino-positron scattering is justified. 

Using the standard Feynman rules, the matrix element of the  
 processes in an external MF in the low-energetic approximation of 

the Weinberg-Salam electroweak interactions theory is written in the form 

                                                                                       (4)  
where 
                                         ,                             (5) 
 
                                       ,                         (6) 

 is the Fermi constant,  are the Dirac matrices, , 
 and  are for  , i.e. for 

the ( )-scattering, ,   is the Weinberg angle, 
 and  are for 
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, i.e. for the -scattering,   is the 
wave function of the incident neutrino possessing the four-momentum  and the 
energy , ,  is the 
wave function of the scattered neutrino possessing the four-momentum  and 
energy ,  is the normalization volume,  and  are the Dirac bispinors 
of the incident and scattered neutrinos, respectively,  and    are the 
exact wave functions of the positron (negative frequency electron) in the initial 
and final states, respectively, that are the solutions of the Dirac equation in a 
constant homogeneous external MF for a positron [34], . The 
primed quantities belong to the positrons in the final state. The explicit form of 
the exact wave function of the positron (negative frequency electron) in a constant 
homogenous MF can be found in [34]. 
 After elementary calculations the matrix element of the processes (1) is 
given by 
                                                                                      (7) 
where  

                                                         ,                                    (8) 
is the amplitude of the considered processes,  
                                             ,                                (9) 
               ,               (10) 

, ,  , ,  
 

, , , ,   is the 
normalization length along the -axis ( -axis),  and  are - and -
components of the initial (final) state positron momentum, respectively, 

                                     =                          (11) 

are the components of the transition amplitude of the 4-current, ,    
,   ,  are the Laguerre functions defined as 

                                  ,                           (12) 

   are the Legendre polynomial that is given by the formula [35] 
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                                                                        (13) 
and depends on the variable 
                                                       ,                                                          (14) 
                 ,                             (15) 
                                                 ,                                                      (16) 
                                                 ,                                                   (17) 

( )  and ( ) are the polar and azimuthal angles of the incident (scattered) 
neutrino momentum. The coefficients   ( ) in the formula (11) are 
given by 
                                  ,         ,                    (18) 
 
                                  ,         ,                    (19)  
 
                                  ,   ,                    (20) 
where 
                                  ,           ,                     (21) 
 
                                  ,            ,                    (22) 
 
                                   ,            ,                    (23) 
 
                                   ,            ,                    (24) 
 

 ( ) are the spin coefficients of the positron in the initial (final) state in the case 
of the transverse polarization of the spin of the positron and given by the formulae 
[34] 

                                   ,                              (25) 

                              ,              ,            (26) 
 
                              ,         ,         (27) 

 - energy of the positron in the initial state,  is 
the positron mass, ,  ,  is the 
spin quantum number that determines the projection of the positron spin onto the 
direction of the MF vector  ( corresponds to the case when the spin of the 
positron is oriented along the direction of the MF vector , corresponds 
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to the case when the spin of the positron is oriented opposite to the direction of the 
MF vector ).  

We obtain the following expression for the squared amplitude per unit time 
                                         .                                        (28) 

where  
                                                       ,                                                (29) 
 
                         ,                  (30) 
                                               ,                                        (31) 
 
                                               ,                                          (32) 
 

 is the completely antisymmetric unit tensor of the fourth rank 
( ),  is the metric tensor with the signature (+ - - -). 

3. Differential probability of processes 

Knowing the squared amplitude per unit time, we can calculate the 
differential probability per unit time according to the formula 

 
                           (33) 
 

where  is the Fermi-Dirac distribution function 
for the positrons in the final state,   is the 
Fermi-Dirac distribution function for the neutrinos in the final state,   ( ) and 

 ( ) are the chemical potential and the temperature of the positron (neutrino) 
gas  after the elastic lightest relic neutrino-positron scattering, respectively,                                                       

.   
As we have already noted that the incident lightest relic neutrino is left-

handed polarized and the longitudinal momentum of the positron in the initial 
state is zero: . It means that the initial positron and neutrino states are fixed. 
Therefore, we do not perform averaging over the initial neutrino and positron 
states when we calculate the differential probability of the processes (1).  

We obtain the following analytical formula for the differential probability 
of the processes (1) 
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                                                 (34) 
 
where   is the statistical factor formed from the Fermi-
Dirac distribution functions, 

                                                                                   (35) 
is the the spectral variable, 

                                                      (36)    
is the dynamical parameter, 

                                                                                (37)  
is the kinematical parameter (see: e.g., [36-38]),  is the four-momentum of the 
positron in the initial state,    is the tensor of an external 
electromagnetic field of the magnetic type, 

 and 

 are for , i.e. for the 

( )-scattering,   and 
 are for , i.e. for the -scattering,  is the 

spin quantum number of the positron in the final state: ;    
corresponds to the case when the spin of the positron in the final state is oriented 
along the direction of the MF vector ,  corresponds to the case when the 
spin of the positron in the final state is oriented opposite to the direction of the MF 
vector . 

The behaviour of the differential probability is determined by the behavior of 
the Airy functions ,  and . At the same time, the behavior of the 
Airy functions ,  and  is determined by the behavior of the 
argument  that can be presented in a modified form 

                                                                                 (38) 
where    



148 R. E. Gasimova, V. A. Huseynov, B. T. Hajiyeva, G. H. Guliyeva, N.Y. Akbarova, G. S. Jafarova 

                                                                                                                    (39) 
is a new parameter. The analyses of the argument  of the Airy functions show 
that the influence of the external MF on the neutrino-positron scattering is 
determined by the parameter  that can be written in another form (see: [23, 24, 
36],) if we take the relations , ,    

, (36), (37) and the fact  into account in (39) 
                                .                                                    (40) 

The influence of the external MF on the elastic neutrino-positron scattering is 
essential when . The condition  corresponds to the strong field case 
(see: eg., [37] devoted to the investigation of the inverse muon decay [39]) and the 
condition   corresponds to the weak field case. It should be noted that in the 
limiting case , the energy loss by the electrons due to the processes 

 which is related to the processes  was calculated in [40]. 

4. Average energy of scattered neutrino 

The average energy of the scattered relic neutrinos in the   
processes is calculated according to the following general formula: 

                                                   .                                                (41) 

Hereafter, we investigate strong field case  (   ). In this 
limiting case, the argument of the Airy functions becomes  (see the 
formula (41)). Main contribution to the integral   comes 
from the domain where  .  

If we perform summation over the spin polarization of the final state 
positron in the formula (34) for the differential probability, substitute the obtained 
expression for the differential probability after summation over the final state 
positron spin polarization and the relation  in the formula (41) 
and  take into account the following value of   at  [41] 

                                ,                              (42) 
we obtain the analytical formula for the scattered neutrino average energy in the 
elastic relic neutrino-positron scattering in a MF  

                                               .                                (43) 

It is visible from the formula (43) that the average energy of the neutrino in the 
final state in the elastic relic neutrino-positron scattering in a MF depends on the 
energy of the positron in the initial state linearly:  . At the same time, 
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the average energy of the relic neutrino in the final state depends on the structural 
constants  and  of the electroweak interactions. 

5. Discussion and numerical estimations 

Using the inequality (3) we obtain the following relation  
                                                                               (44) 

 
where . The requirement for simultaneous satisfaction of the conditions 

 and (44) leads to the relation  that determines the 
approximate lowest and uppermost boundaries of the range of change of the MF 
strength  or : 
                                       .                                    (45) 
The possible minimum value of the energy of the positron in the initial state, at 
which the influence of the external MF on the elastic relic neutrino-positron 
scattering is significant, is determined by  
which is found from the equality 
                                         .                             (46) 
The relation (46) determines the minimum value of the energy of the positron in 
the initial state ( ) and the corresponding MF strength 
( ). Using the condition (45), we can write . 
At the same time, using the condition  , we get  . Comparing the 
last two relations obtained for , we obtain the related uppermost boundaries 
for  and . In this case, 

 and . So, the influence of the external 
MF on the elastic relic neutrino-positron scattering is significant when the MF 
strength  and the initial state positron energy  vary in the ranges   

 and , respectively. These 
two ranges obtained for the MF strength and initial state positron energy 
determine the realistic physical conditions under which the energy of a relic 
neutrino is amplified significantly.  The MFs of the strengths  and 

 exist near the white dwarfs and neutron stars, respectively. 
So, when relic neutrinos scatter by the cosmic positrons possessing energy 

in the range  and passing through the close vicinity to white 
dwarfs or neutron stars, the influence of the external MF on the elastic relic 
neutrino-positron scattering is significant and the energy of a relic neutrino is 
amplified essentially.  

We have obtained the analytical formula (43) enabling us to calculate the 
average energy  of the scattered neutrino. The linear increase of the 
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average energy of the neutrino in the final state means that after the scattering the 
energy of the positron in the final state becomes less than the energy of the 
positron in the initial state. This happens at the expense of the anti-Stokes 
transitions: the positrons make transitions from higher Landau levels to the lower 
Landau levels.  

The presence of the terms containing the structural constant  in the 
formula (43) means that the average energy of the scattered neutrino is sensitive 
to the neutrino flavour. It is also visible from the Table 1. 

                                                                                                              Table 1 
                                  The sensitivity of the average energy of the neutrino 
                                                in the final state to the neutrino flavour 

Reaction  

  

  

  

 Table 1 shows that strong amplification of the energy of the neutrino in 
the final state is more pronounced for the  (or ) 
scattering than that for the  scattering. For the purpose of numerical 
estimation of the average energy of the final state neutrino, we choose the 
minimum and maximum values of the energy of the initial state positron: 

  and , respectively. Using these values of the energy 
of the final state positron and Table 1, we obtain the following ranges for the 
average energy of the final state neutrino: 
                                           ,                                 (47) 
                                           ,                                  (48) 
where  is a taon (muon) neutrino. 

These numerical estimations show that the average energy of the scattered 
relic neutrino can reach even the value about . Based on the above-
performed numerical estimations on the average energy of the scattered neutrino 
and Table 1, we obtain . It means that after the elastic 
scattering of a relic neutrino by the positron passing through the close vicinity to a 
white dwarf or a neutron star, the average energy of the scattered neutrino can 
increase at least about  times and even  times. 

Let us estimate the detection possibility of the scattered relic neutrinos coming 
from the close vicinity of white dwarfs or neutron stars. When these scattered 
neutrinos reach the terrestrial detector (e.g., IceCube detector), they participate in 
the inelastic neutrino-neutron scattering  where  and 

. Using the single power law flux model [42] 
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                                                                                               (49) 
and knowing the energy of incoming neutrino, we can calculate the incoming 
neutrino flux at Earth as  
                                                                                                       (50) 
where , ,  and 

 [42]. If the energy of the incoming neutrino is, for instance,  
, the incoming neutrino flux at Earth is  

and the cross-section for the -scattering is estimated as  [43]. 
The number of the related events per year at the IceCube detector 
( ) is calculated according to the formula 
                                                                                                  (51) 
where  is the neutron number density in an ice ( ). Numerical 
estimation yields  events pear. Despite the fact, in the current situation, the 
number of the events per year at the IceCube detector is few, it is quite 
possible to detect the scattered lightest relic neutrinos coming from the close 
vicinity of white dwarfs and neutron stars. For the incoming neutrinos of the 
energy , the number of the events per year is more than  

. By increasing the detector volume, it is quite possible to detect sufficiently 
high number of the scattered relic neutrinos due to the reaction. 
        Thus, the obtained results in this work  enable us to come to the conclusion 
that (i) the elastic scattering of the lightest relic neutrinos by positrons passing 
through the close vicinity of white dwarfs and neutron stars is the alternative 
mechanism responsible for the production of high energy ( ) 
astrophysical neutrinos, (ii) the close vicinity of white dwarfs and neutron stars is 
a unique natural intermediate laboratory for amplification of the energy of the 
lightest relic neutrinos and (iii) the detection of the scattered lightest relic 
neutrinos coming from the close vicinity of white dwarfs and neutron stars is quite 
possible due to the reaction.  

Note. When an external MF is present and ultra-relativistic positrons of the 
energy in the range  participate in the considered processes, 
the QED corrections should be taken into account. In the four-fermion 
approximation, the related QED corrections consist of the two types of photonic 
radiative corrections: the virtual corrections due to loop diagrams (virtual 
corrections) and the bremsstrahlung radiation (real photons) [44]. The virtual 
QED corrections are divided into two groups: QED vertex corrections involving 
virtual photons (Fig. 4 in [45]) and QED closed fermion loop contributions from 
leptons and heavy quarks (Fig. 5 in [45]). The numerical estimations show that in 
the considered energy region of the initial state positrons, the QED radiative 
corrections to the elastic relic neutrino-positron scattering in MFs existing in close 
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vicinity to white dwarfs and neutron stars is negligibly small and can be 
neglected. Thus, in the tree-level approximation of the perturbation theory and the 
four-fermion (low-energetic) approximation of the electroweak interactions 
theory, the results obtained for the differential probability of the relic neutrino-
positron scattering and average energy of the scattered relic neutrino in this work, 
within the accepted physical conditions, are justified.  

6. Conclusions 

        We have substantiated that when relic neutrinos scatter by the ultra-
relativistic cosmic positrons possessing the energy in the range   

 and passing through the close vicinity to white dwarfs 
or neutron stars where the strengths of the MFs vary in the range 

, energy is transferred from the positrons to the 
relic neutrinos at the expense of the anti-Stokes transitions. As a result, the 
positrons lose their energies very intensely and the average energy of the scattered 
relic neutrinos is amplified at least about  times and even  times. 
This leads to the strong amplification of the energy of the relic neutrinos in the 
final state. We have also determined that the average energy of the scattered 
neutrino is sensitive to the neutrino flavour. It enables the experimentators to 
distinguish the flavour of the neutrinos incoming from the close vicinity to white 
dwarfs and neutron stars.   
        Thus, the obtained results in this work  enable us to come to the conclusion 
that (i) the elastic scattering of the lightest relic neutrinos by positrons passing 
through the close vicinity of white dwarfs and neutron stars is the alternative 
mechanism responsible for the production of high energy ( ) 
astrophysical neutrinos, (ii) the close vicinity of white dwarfs and neutron stars is 
a unique natural intermediate laboratory for amplification of the energy of the 
lightest relic neutrinos and (iii) the detection of the scattered lightest relic 
neutrinos coming from the close vicinity of white dwarfs and neutron stars is quite 
possible due to the  reaction.   

R E F E R E N C E S 

[1] C. Giunti and C. W. Kim, Fundamentals of Neutrino Physics and Astrophysics, Oxford 
University Press Inc., New York, the USA, 2007.  

[2] O. Adriani et al., An anomalous positron abundance in cosmic rays with energies 1.5-100 GeV, 
Nature, 458 (2009), 607-609. 

[3] O. Adriani et al., The cosmic-ray electron flux measured by the PAMELA experiment between 
1 and 625 GeV, Phys. Rev. Lett., 106 (2011), 201101. 

[4] L. Accardo et al., High statistics measurements of the positron fraction in primary cosmic rays 
of 0.5-500 GeV with the Alpha Magnetic Spectrometer on the International Space Station, 
Phys. Rev. Lett., 113 (2014), 121101.   

https://inspirehep.net/literature/892721
https://inspirehep.net/literature/892721


Strong amplification of scattered neutrino average energy […] scattering near white DWARF  153 

[5] M. Aguilar et al., Electron and positron fluxes in primary cosmic rays measured with the Alpha 
Magnetic Spectrometer on the International Space Station, Phys. Rev. Lett., 113  (2014), 
121102. 

[6] S. Abdollahi et al., Cosmic-ray electron-positron spectrum from 7 GeV to 2 TeV with the 
Fermi Large Area Telescope, Phys. Rev. D, 95 (2017), 082007. 

[7] V. P. Tsvetkov, Neutrino (anti-neutrino) scattering on electron in constant homogeneous 
magnetic field, Yad. Fiz., 32 (1980), 776-781. [Sov. J. Nucl. Phys., 32 (1980), 400-405.].  

[8] S. Kh. Buzardan and A. S. Vshivtsev, Scattering of a neutrino by an electron in a magnetic field, 
Sov. Phys. J., 25 (1982), 798-801.  

[9] V. A. Lyul’ka, Neutrino processes in intensive electromagnetic fields, Yad. Fiz., 39 (1984), 
680-688. [Sov. J. Nucl. Phys., 39 (1984), 431-439.]. 

[10] V. M. Zakhartsov, Yu. M. Loskutov and K. V. Parfenov, AntiStokes scattering of neutrinos by 
electrons in a magnetic field, Teor. Mat. Fiz., 81 (1989), 215-221. [Theor. Math. Phys., 81 
(1989), 1161-1165.].  

[11] A. V. Borisov, M. K. Nanaa and I. M. Ternov, Scattering of the neutrinos by electrons in a 
static external field at high-energies, Vestn. Mosk. Uni. Ser. 3. Fizika. Astronomiia, 34 
(1993), 18-23. [Moscow Univ. Phys. Bull., 48 (2) (1993), 15-20.]. 

[12] A. Vilenkin, Parity nonconservation and neutrino transport in magnetic fields, Astrophys. J., 
451 (1995), 700-702. 

[13] V. G. Bezchastnov and P. Haensel, Neutrino-electron scattering in dense magnetized plasma, 
Phys. Rev. D, 54 (1996), 3706-3721.  

[14] A. V. Kuznetsov and N. V. Mikheev, Neutrino-electron processes in a strong magnetic field 
and plasma, Mod. Phys. Lett. A, 14 (1999), 2531-2536. 

[15] A. V. Kuznetsov and N. V. Mikheev, Neutrino interaction with strongly magnetized electron- 
        positron plasma, Zh. Eksp. Teor. Fiz., 118 (2000), 863-876. [J. Exp. Teor. Phys., 91 (2000), 

748-760.]. 
[16] N. V. Mikheev and E. N. Narynskaya, Neutrino-electron processes in a dense magnetized  

plasma, Mod. Phys. Lett. A, 15 (2000), 1551-1556. 

[17] N. V. Mikheev and E. N. Narynskaya, Energy and momentum losses in the process of neutrino 
scattering on plasma electrons with the presence of a magnetic field, Central Eur. J. Phys., 1 
(2003), 145-152. 

[18] V. A. Gusseinov, The scattering of an antineutrino at an electron in an external field, J. Phys.  
G: Nucl. Part. Phys., 26 (2000), 1313-1319. 

[19] S. J. Hardy and M. H. Thoma, Neutrino-electron processes in a strongly magnetized thermal  
plasma, Phys. Rev. D, 63 (2001), 025014. 

[20] V. A. Huseynov and R.E. Gasimova, The polarization effects in the neutrino-electron 
scattering in a magnetic field, Proc. of the XI Advanced Research Workshop on High 
Energy Spin Physics, Dubna: JINR, 65-69, 2006. 

[21] V. A. Huseynov, R. E. Gasimova, N.Y. Akbarova and B. T. Hajiyeva, AIP Conference  
Proceedings, 915 (1) (2007), 248-251. 

[22] V. A. Huseynov and R. E. Gasimova, Neutrino-electron scattering in hot magnetic fields in the 
Magellanic System with allowance for polarizations of electrons, in: The Magellanic 
System: Stars, Gas, and Galaxies, eds. Jacco Th. van Loon and Joana M. Oliveira, IAUS 
256 (CUP). Cambridge, UK, Cambridge University Press, PDF-17, 2009. 

[23] V. A. Guseinov, I. G. Jafarov and R. E. Gasimova, Neutrino-electron scattering in a magnetic 
field with allowance for polarizations of electrons, Phys. Rev. D, 75 (2007), 073021.  

[24] V. A. Guseinov, I. G. Jafarov and R. E.   Gasimova, Antineutrino-electron scattering in a 
magnetic field with allowance for polarizations of electrons, J. Phys. G: Nucl. Part. Phys. 34 
(2007), 897-906.  



154 R. E. Gasimova, V. A. Huseynov, B. T. Hajiyeva, G. H. Guliyeva, N.Y. Akbarova, G. S. Jafarova 

[25] A. A. Dobrynina, N. O. Moraru and I. S. Ognev, Neutrino-electron processes in a magnetic 
field and their crossing symmetry, Zh. Eksp. Teor. Fiz., 153 (2018), 908-922. [J. Exp. Teor. 
Phys., 126 (2018), 753-765.].  

[26] W. Sobków, T-odd correlation in muon neutrino elastic scattering on polarized proton target, 
Nucl. Phys. B, 869 (2013), 440-451.  

[27] A. Błaut and W. Sobków, Neutrino elastic scattering on polarized electrons as a tool for 
probing the neutrino nature, Eur. Phys. J. C, 80 (2020), 261.  

[28] S. Navas et al., (Particle Data Group), Review of Particle Physics, Phys. Rev. D, 110 (2024), 
030001. 

[29] M. Bauer and J. D. Shergold, Limits on the cosmic neutrino background, JCAP 01 (2023), 
003. 

[30] I. Esteban, M.C. Gonzalez-Garcia, M. Maltoni, T. Schwetz and A. Zhou, The fate of hints: 
updated global analysis of three-flavor neutrino oscillations, JHEP 09 (2020), 178.  

[31] P. Stoecker et al., (GAMBIT Cosmology Workgroup), Strengthening the bound on the mass of 
the lightest neutrino with terrestrial and cosmological experiments, Phys. Rev. D, 103 
(2021), 123508.  

[32] S. Gariazzo et al., Neutrino mass and mass ordering: no conclusive evidence for normal 
ordering, JCAP 10 (2022), 010.  

[33] L. B. Okun, Leptons and Quarks, Holland, Amsterdam, Netherlands,1982. 
[34] A. A. Sokolov and I. M. Ternov, Radiation from Relativistic Electrons, Nauka, Moscow, 1983 

(republished by AIP, New York, 1986).  
[35] I. S. Gradshteyn and I. M. Ryzhik. Table of Integrals, Series and Products. Academic Press, 

Translated by Scripta Technica, Inc. (3 ed.), 1966. 
[36] V. A. Gusseinov, Field and polarization effects arising in neutrino-lepton processes in a 

magnetic field, Turk. J. Phys., 25 (2001), 1-8. 
[37] A. V. Borisov, V. A. Gusseinov, O. S. Pavlova, Inverse muon decay in a magnetic field:  

polarization effects, Yad. Fiz., 61 (1998), 103-110. [Phys. At. Nucl., 61 (1998), 94-101.]. 
[38] A. V. Borisov, V. A. Guseinov and N. B. Zamorin, Annihilation of a neutrino pair into a muon-

positron pair in a magnetic field, Yad. Fiz., 63 (2000), 2041-2047. [Phys. At. Nucl., 63  
(2000), 1949-1955.]. 

[39] A. V. Borisov, V. A. Guseinov, Inverse muon decay in a magnetic field, Yad. Fiz., 57 (1994),  
496-500.  [Phys. Atom. Nucl., 57 (1994), 466-470.]. 

[40] V. A. Huseynov, R. E. Gasimova, Amplification of energy of cosmic relic antineutrinos in  
strongly magnetized astrophysical objects, Azerbaijani Astronomical Journal (Astronomical 
Journal of Azerbaijan) 18(2) (2023), 29.  

[41] L. D. Landau and E. M. Lifshitz, Quantum Mechanics. Non-relativistic theory. 3rd edition, 
Pergamon Press, Oxford, the UK, 1991.  

[42] M. G. Aartsen et al., (IceCube Collaboration), Characteristics of the diffuse astrophysical 
electron and tau neutrino flux with six years of IceCube high energy cascade data, Phys. 
Rev. Lett., 125 (2020), 121104.  

[43] A. Connolly, R. S. Thorne and D. Waters, Calculation of high energy neutrino-nucleon cross 
sections and uncertainties using the MSTW parton distribution functions and implications 
for  future experiments, Phys. Rev. D, 83 (2011), 113009.  

[44] M. Passera, QED corrections to neutrino-electron scattering, Phys. Rev. D, 64 (2001), 
113002.  

[45] O. Tomalak and R. J. Hill, Theory of elastic neutrino-electron scattering, Phys. Rev. D, 101 
(2020), 033006.  

 

https://en.wikipedia.org/wiki/Academic_Press

