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Introduction 
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The figure shows the classical 

motion of a particle in a 

(quasi)uniform magnetic field: 

the particle moves on a helix. 

In quantum mechanics, the  

particle motion takes also 

place in the radial direction 

and the azimuthal component 

of the particle momentum is 

not definite. Quantum-

mechanical states found by 

Landau are Laguerre-Gauss 

beams: 
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In the vacuum, particles (electron, photon, and others) can be 

in twisted states with nonzero orbital angular momenta). 

Wave functions of such particles also define Laguerre-Gauss 

beams: 

Floettmann K and Karlovets D (2020 Quantum mechanical 

formulation of the Busch theorem Phys. Rev. A 102 043517) have 

shown that a twisted beam penetrating from a solenoid to the vacuum 

remains twisted after the penetration. This conclusion has been 

confirmed by a different method in L. Zou, P. Zhang, A. J. Silenko, 

Production of twisted particles in magnetic fields,  J. Phys. B: 

At. Mol. Opt. Phys. 57 045401 (2024). 
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(The figure from the paper by Floettmann and Karlovets)  

Y. Bai, H. Lv, X. Fu, et al. Vortex beam: generation and detection 

of orbital angular momentum, Chin. Opt. Lett. 20, 012601 (2022). 
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Conversion from a state with 

zero orbital angular 

momentum to a twisted state 

in a solenoid  
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Conversion from a state with the OAM L=0 to a twisted state 

with L≠0 in a solenoid is a new quantum-mechanical effect.  

L. Zou, P. Zhang, A. J. Silenko, Production of twisted particles in 

magnetic fields,  J. Phys. B: At. Mol. Opt. Phys. 57, 045401 

(2024), section 6 and appendix. 
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An evolution of a phase of rotation in the transversal plane 

π 
┴ 

The exact relativistic FW Hamiltonian is given by 

The operator r does not commute with the FW 

Hamiltonian and  
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Specifically, 

The dispersion of ω is defined by D(ω)=⟨(ω −⟨ω⟩)2⟩ and is 

nonzero: 

where E is the energy. The relative root-mean-square 

deviation reads 
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    Evaluation of the effect 

considered 
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The well-known relativistic classical formula for the 

particle orbit is given by 

where      and       are the canonical and kinetic angular 

momenta, respectively. We can calculate the lead of the 

helix: 

where Λ is the Compton wavelength. Let B be 1T. For 

the positron with γ=10, v≈c, d≈0.11m. For the proton 

with γ≈1, v=0.1c, d≈2.0m. When v=0.01c, d≈0.20m. 

When Lz =1000ћ, r≈1.1×10-6m. 
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