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We have explored several effects in electron acceleration by laser wake fields: (i) Using three
dimensional fully relativistic particle-in-cell simulations we have shown appearance of filamentation
instability for radially and azimuthally polarized laser pulses in uniform plasma. This instability is
provoked by compression of plasma electrons near the laser axis during radially or azimuthally polarized
pulse self-focusing (ii) We have demonstrated numerically that the strong decomposition of axisymmetric
laser pulses in under-dense plasma. During the decomposition the strong second harmonics (SHG)
radiation is emitted in quite short distance. In the case of linearly polarized laser pulses SHG emission does
not occur. The generation of SHG confirms the electron compression near the laser axis that result in the
pulse instability (iii) We have shown that there is an essential effect of longitudinal magnetic field on the
electron self-injection already at B>1T External magnetic field may be a good instrument to control the
charge of self-injected electrons in the acceleration phase.
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Fig. 1 3-D contours of intensity of radially polarized laser pulse with I,=
3x10°Wcem™2 propagating in uniform under—dense plasma. The snap shots show

intensity distribution at (a) 240 fs, (b) 750 fs, (¢) 1.4 ps, and (d)1.8 ps. The
pulse is propagating from right to left hand side
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Fig. 2 3-D contours of electron density for radially polarized laser pulse of
intensity 3x10°Wem™?propagating in uniform underdense plasma. These snap
shots are corresponds to the intensity plots in fig. 1.
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Fig. 3 3-D contours of intensity of radially polarized laser pulse with its
maximum 3X102°Wcem™2 propagating in uniform underdense plasma. The snap shots
show intensity distribution at (a) 224 fs, (b) 687 fs, (c) 1.4 ps, and (d)1.5 ps.
The pulse is propagating from right to left hand side.

Fig. 4 : 3-D contours of electron density for radially polarized laser pulse
with intensity 3x10%°Wem™2 propagating in uniform under—dense plasma. These



snap shots are corresponds to the intensity plots in fig. 3.
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Fig. 5 3-D contours of electron density evolution of a radially polarized pulse
with intensity 3X10®Wem® propagating in under—dense plasma with parabolic
density profile of depth 0.25 (N, = 3 X 10* and N,,;, = 0.25N,...). The snap
shots show density distribution at (a) 492 fs, (b,) 1.2 ps, (c) 1.8 ps and (d)
2.2 ps.
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Fig.7 Transverse profile of electron density including the electron beam in the
laser wake in an external magnetic field B=10T



(a) (b)

(d)

Fig.8 Longitudinal profiles of electron density including the electron beam in
the laser wake in an external magnetic field of different strength
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Fig.9 Transverse geometrical emittance of electron beams with and without
external magnetic field 7=2x10" W/cm® w=20 mm, t=10 fs, N=10" cm™
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