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Introduction 
When a magnetic field 𝐵~𝐵𝑒 = 𝑚

2/𝑒 ≈ 4.4 ∗ 1013𝐺, we need to use the exact solutions of the Dirac equation, 
which are the eigenfunctions of the covariant magnetic polarization operator [1,2]  𝜇 𝑧 = 𝑚Σ𝑧 − 𝑖𝛾0𝛾5 𝚺 × 𝑷 𝑧 , 
where 𝚺 = 𝛾0𝜸𝛾5, 𝑷 = −𝑖𝜵 + 𝑒𝑨. We take the frame where the field is directed along the 𝑧 axis, and the Landau 

gauge with the four-potential 𝐴𝜆 = 0,0, 𝑥𝐵, 0 . In this approach, the electron wave functions have the form 

Ψ𝑝,𝑛
𝑠 =

𝑒−𝑖 𝐸𝑛𝑡−𝑝𝑦𝑦−𝑝𝑧𝑧   𝑈𝑛
𝑠 𝜉

4𝐸𝑛𝑀𝑛 𝐸𝑛+𝑀𝑛 𝑀𝑛+𝑚 𝐿𝑦𝐿𝑧

, where 𝐸𝑛 = 𝑀𝑛
2 + 𝑝𝑧

2 , 𝑀𝑛 = 𝑚2 + 2𝑛𝛽, 𝛽 = 𝑒𝐵, 𝜉 = 𝛽(𝑥 +
𝑝𝑦

𝛽
). 

The functions Ψ𝑝,𝑛
𝑠  satisfy the equation 𝜇 𝑧Ψ𝑝,𝑛

𝑠 = 𝑠𝑀𝑛Ψ𝑝,𝑛
𝑠 . The bispinors take the form: 

𝑈𝑛
− 𝜉 =

−𝑖 2𝑛𝛽 𝑝𝑧𝑉𝑛−1(𝜉)

𝐸𝑛 +𝑀𝑛 𝑀𝑛 +𝑚 𝑉𝑛(𝜉)

−𝑖 2𝑛𝛽 𝐸𝑛 +𝑀𝑛 𝑉𝑛−1(𝜉)

−𝑝𝑧 𝑀𝑛 +𝑚 𝑉𝑛(𝜉)

 , 𝑈𝑛
+ 𝜉 =

(𝐸𝑛 +𝑀𝑛)(𝑀𝑛 +𝑚)𝑉𝑛−1 𝜉

−𝑖 2𝑛𝛽𝑝𝑧𝑉𝑛(𝜉)

𝑝𝑧 𝑀𝑛 +𝑚 𝑉𝑛−1(𝜉)

𝑖 2𝑛𝛽 𝐸𝑛 +𝑀𝑛 𝑉𝑛(𝜉)

. 

 

Here, 𝑉𝑛 𝜉  𝑛 = 0, 1, 2, …  are the well-known normalized harmonic oscillator functions, which are expressed in 

terms of the Hermite polynomials 𝐻𝑛 𝜉 : 𝑉𝑛 𝜉 = 𝛽/𝜋4  
𝑒− 𝜉

2/2

 2𝑛𝑛!
 𝐻𝑛 𝜉 . 

Abstract 
We investigate the processes of 
radiative transitions of electrons 
between the Landau levels, 
𝑒𝑙 → 𝑒𝑛 + 𝛾, in a moderately 
strong magnetic field. Under such 
conditions, it is necessary to take 
into account transitions in which 
both the initial and final electrons 
can be in states corresponding to 
arbitrary Landau levels. The results 
obtained can be used as building 
blocks in calculating the efficiency 
of the electron-positron plasma 
generation in accretion disks of the 
Kerr black holes, considered by 
specialists as the most probable 
sources of a short cosmological 
gamma-ray bursts. 
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The integrands in four of the eight probabilities have square-root 
singularities. It is interesting to compare these formulas with the 
corresponding results obtained in the limit of a superstrong field 𝐵 ≫ 𝐵𝑒, 
where it was found that all the probabilities coincide. This result is 
confirmed by taking the limit, when 𝜌1 ≃ 𝜌2 ≃ 1. However, this assertion is 
valid only in an asymptotically strong magnetic field. In the case of a 
moderately strong field, exact formulas should be used for the analysis of 
the processes 𝑒𝑙 → 𝑒𝑛 + 𝛾. 

Conclusion 

Using the standard computational technique, see e.g. Refs. [3-5], we found a set of formulas for the probabilities of different polarization channels 

𝑒𝑙
𝑠 → 𝑒𝑛

𝑠′ + 𝛾𝜆. Here, the following notations are used: 𝑙 and 𝑛 – initial and final Landau levels;  𝑠, 𝑠′ = ±1 and 𝜆 = 1, 2  are the electron and photon 
polarization states respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Here, 𝛼 is the fine structure constant, 𝐸 is the initial electron energy, 𝐿𝑛

𝑠 (𝜌) are the generalized Laguerre polynomials with a completion of  𝐿−1
𝑠 𝜌 = 0, 𝑞⏊ is the 

photon momentum projection on the plane orthogonal to the magnetic field direction. 
 
Below, the plots 1-2 show the field dependence of the process probability averaged over the initial and summarized over the final polarization states in some 
occasions; on the plot 3, the photon spectra over the transverse momentum magnitude are presented. 
 
 
 
 
 
 
 
 
 
 
 
 

Designations: 

𝑏 = 𝐵/𝐵𝑒  

𝑀𝑛 = 𝑚 2𝑛𝑏 + 1 

𝜌 = 𝑞⏊
2 /(2𝛽) 

𝑞⏊ = 𝑞𝑥
2 + 𝑞𝑦

2  

𝜌1 = (𝑙 − 𝑛)
𝑀𝑙 −𝑀𝑛
𝑀𝑙 +𝑀𝑛

 

𝜌2 = (𝑙 − 𝑛)
𝑀𝑙 +𝑀𝑛
𝑀𝑙 −𝑀𝑛

 

Results 
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