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(a) A typical oscilloscope trace (5 
nsec/div)

of an input laser pulse. (b) A 
Fabry-Perot pattern

(1.25-cm spacing between plates) 
of an input laser
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toluene. The picture

was taken by focusing the camera 
at the end of

the cell with a 125X magnification.
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1. INCREASING THE SELF-CHANNELING PULSE PROPAGATION 
LENGTH VIA AN EXTERNAL SOURCE OF ENERGY [AXICON LENS].

2. X-RAY LASER 

3. GENERATION OF STRONG MAGNETIC FIELDS

4. GENERATION OF ELECTRON-POSITRON PAIRS

SOME POSSIBLE APPLICATIONS



The self-channeling pulse propagation length L is determined by 
energy losses. The energy loss mechanisms arenumerous. Let us 
list a few of them: ionization and excitation of the atoms and ions 
of the medium, reverse braking absorption,generation of plasma 
oscillations, harmonicgeneration, scattering of radiation by 
turbulence in the plasma and by the plasma oscillations, partial 
defocusing of the radiation due to refraction by a nonuniform 
transverse electron density profile, generation of spontaneous 
magnetic fields, etc.

An important circumstance in all this is the fact that the walls of 
the cavitation region that exist inside the traveling pulse can be 
partially transparent to the laser radiation propagating in it. The 
reason is that the walls can oscillate with the plasma frequency 
wp, since with the formation of the cavity the electrons are 
repelled in the transverse direction by the ponderomotive force 
while the Coulomb attraction force, due to ions remaining in the 
channel, pulls them back.

INCREASING THE SELF-CHANNELING PULSE PROPAGATION 



The partial transparency of the cavity walls can be used to allow 
additional energy into the cavity from the region surrounding it. 
For this purpose, the wavefront of the laser radiation should have 
a phase component in the form of a cone. Replenishment of the 
electromagnetic wave inside the cavity might be possible by 
means of axicon focusing of the laser With external 
replenishment, one might hope to obtain much longer 
selfchanneling lengths.





In the self-channeling regime the pulse leaves behind a long narrow 
filament of plasma consisting of multiply charged ions mainly in excited 
states and free electrons. In the very near future it may be possible to 
obtain long plasma filaments, which is sufficient for the generation of 
stimulated x-ray emission.

Four different mechanisms of such generation are possible.

The first is due to multiphoton excitation of multiply charged ions with 
subsequent stimulated emission. This mechanism ensures good 
selectivity of the corresponding levels and has probably been observed 
in a xenon plasma.

The second mechanism is the so-called self-excitation of the internal 
electron shells of the ions by collisions withthe outer electrons that 
belong to the same atom and oscillate with relativistic energies sufficient 
for inelastic processes.This mechanism leads to the appearance of 
holes in the electron shells. Subsequent dynamics of the holes undera 
favorable course of events can lead to population inversion of certain 
transitions.

X-RAY  LASER



The third mechanism is ordinary three-particle recombinationof 
electrons and ions in the plasma filament leftbehind the pulse. 
This process usually populates the upperlevels of the working 
ions, and in conjunction with radiativedepletion of the lower 
levels leads to populationinversion.
A possible fourth mechanism may be optical pumping of the 
surrounding gas by soft x rays emitted by the plasma filament. 
In this regard, selective photoionization of subvalence electron 
shells of heavy atoms in the ambient gas may be promising.



ELECTRIC DISCHARGE IN CHANNELS
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