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Relativistic Motion of Charged Particles in Ultra-Intense Laser Fields
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Abstract

Electron motions in laser fields are analyzed in cases when the laser field is non-relativistic and when it is
relativistic. The typical eight-figure motion of an electron is obtained in weak laser field plane-polarized, while
no such figure motion in circular-polarized case. Starting from the Lagrangian for an electron in a plane-
polarized electromagnetic wave, constants of motions and the electron orbits are analytically obtained. It is
demonstrated that the electron drifts with a constant velocity in the direction of wave propagation, and that
the eight-figure motion is seen in the frame moving with the drift motion. In the case of the circular-polarized
wave, the electron orbit is a spiral having the drift velocity same as does the plane-polarization.
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Fig.1 Focused laser intensity profile (E2) and the profile of the

square of electron plasma frequency (w ge). The profile
with the dip is induced by non-linear pondero-motive force
or relativistic effect.
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Fig.2 Snapshot of the plane electromagnetic field propagating
in the z-direction with the polarization of the electric field
in the x-direction.
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Fig.3 The "8-figure motion" of the electron orbit in the plane-
polarized laserfield. The widthin the z-directionincreases
with the increase of laser intensity.
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Fig. 4 The electron orbit in the circular-polarized laser field. The
electron motion is circle and the electric field is perpen-
dicular to the velocity of the electron. As the result, mag-
netic field is parallel to the velocity of the electron and no
force due to magnetic field works on the electron. Fis the
force by the electric field and u is the velocity of the elec-
tron.
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Fig. 5 Electron orbits in (a) non-relativistic[ag = 0.1] and (b) rela-
tivistic[ap = 10] cases. The figures are plotted with EQs.
(35) and (36). The amplitudes are normalized by cag/w.
It should be noted that no 8-figure motion is seen in the
laboratory frame.
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