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Physics — Laser-Plasma-Physics in half an hour

1. Generating a plasma — for example via field ionisation
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2. Consider a plane wave propagating in x-direction
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3. Single electron — non-relativistic motion
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4. Single electron — relativistic motion dp _ E+#%xB g
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5. Einfachste Beschreibung eines Laserpulses
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Numerical solution — linear polarisation

% Lichtgeschwindigkeit
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Relativistic effects in a collisionless plasma — the simplest picture

Assume free electrons and a neutralising background of immobile ions
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Relativistic effects in a collisionless plasma — the simplest picture
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Summary
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« Relativistic Laser-Intensity means that the electron moves with velocity
close to the speed of light. Then the longitudinal component of the Lorentz
force becomes larger than the transversal. For linear polarisation, this

transition happens for 11? > 1.37 - 1018C£mn2

mZ
« The relativistic intensity is much larger than any field ionisation threshold.
Therefore, all media can be considered as at least partially ionised.
« In the plasma, the relativistic motion of the electrons results in nonlinear
collective response, in particular given rise to relativistic
« Self-focusing
« Pulse front steepening
* Induced transparency
« The strong laser fields and the resulting fields that it generates in a
plasma, through collective effects, is the source of all plasma based
particle acceleration mechanisms and hence the basis for application of
laser particle acceleration
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