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Transit of vortex electrons
through magnetic fields



Scalar cat waves

Ψ 𝑝𝑧, 𝑝⊥, 𝑙

Ψ 𝑝𝑥, 𝑝y, 𝑝z Ψ ω, 𝑗, 𝑙



Vortex electrons in vacuum

Nonrelativistic QM

No spin



Paraxial Laguerre-Gaussian packet



Nonstationary LG wave packet



Comparison of Bessel and LG beams
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NSLG wave packet in free space

𝑧 = 𝑣𝑡.*
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Problem statement
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Two approaches
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LG states in magnetic field



System of optical equations



Initial conditions
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NSLG state in the field



Rms radius oscillations

𝜌𝐿 = 52.7

𝜌0
′ = 0 𝜌0 = 54 𝜌0 = 25 𝜌0 = 111.1 𝜌0 = 1 μm



Experiment confirms?
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Experimental feasibility
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Radiation of vortex electrons 
in magnetic fields
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State of the system



Disentangling the final state



Evolved state of the photon



Vector potential of the photon



S-matrix element



Photon state



Emission probability and intensity



Evolved-state approach
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Contacts:
georgii.sizykh@metalab.ifmo.ru
ilya.pavlov@metalab.ifmo.ru



Why study vortex electrons?



How to produce VE?



Gouy phase of a free wave packet



NSLG state in the field



Gouy phase
∆Φ𝐺 = (2𝑛 + 𝑙 + 𝑙 + 1)𝜋



Decomposition into Landau states



Parameters of Schattschneider et al.



Oscillations parameters



Transversely relativistic motion



Slight misalignment



Quantum rms emittance



Rms radius oscillations



Classical radiation of vortex photons



Relativistic Landau states



Photon transverse momentum



Radiation in the critical field



More radiation in the critical field



Sokolov-Ternov effect



Dependence on 𝒑𝒛


