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magnetic field in plate plasma-filled waveguide, are
presented. This solitary perturbation is the hollow of
electric potential. The hump of electric potential can be
excited as a wake-field by electron bunch, but the
hollow of electric potential, considered in this paper, is
excited as a precursor of electron bunch. Because this
hollow forms the positive spike of electron density, it
can be excited as a precursor of laser pulse.

The velocity of the solitary precursor grows
with amplitude growth. At large amplitude the velocity
of the solitary precursor in the nonrelativistic case can
exceed more than two times the velocity of electron
bunch, which excites this precursor.

The electron bunch, which excites solitary
precursor, deforms the shape of this precursor and the
latter becomes nonsymmetric.

PROPERTIES OF THE SOLITARY PRECURSOR

Main attention in [1] at research of excitation of
the plasma wake-fields is given to process of
electromagnetic soliton formation, which can not been
described in approximation of envelope. The soliton is
formed in wake of electromagnetic pulse. The soliton is
the nonlinear superwide in frequency space
electromagnetic pulse. Last years the papers, devoted to
solitary wave pulses and their applications are published
(see, for example, [2, 3]).

At large intensities of laser radiation qualitative
change of interaction of such radiation with plasma can
take place. In particular, there is a capability of
formation of solitary perturbations. Really, the
experiments demonstrate, that if there is in dispersion
law of excited oscillations linear interval, then solitary
perturbations can be excited.

There were many attempts of obtaining of the
analytical solution as soliton, propagating with light
velocity in unlimited plasma (see, for example, [2]). In
this paper similar solitary perturbation is investigated
analytically, propagating in plasma-filled waveguide.

Solitary perturbation, propagating with velocity

V,_= ¢ under angle § to the magnetic field H, - o

in plane metallic waveguide filled by plasma, is
investigated analitically.

This solitary perturbation is the hollow of
electric potential. The properties of small amplitude
solitary perturbation one can obtain from equation

bE- (VO] E/c+
¢ 4me[l n- (VCD)n;/cz]: 0

Using E, = ‘0¢/a Z,we have
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is the space derivative. Integrating the latter we have
equation for the solitary perturbation shape
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From this equation at §' | —— 0 we have nonlinear

expression for solitary perturbation velocity
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From equation for the solitary perturbation shape one
can find the width of the perturbation
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There are three parameters for control of the

solitary perturbation properties: k] S0, B .
The solitary perturbation shape is described by

expression
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For the excitation of this perturbation by electron
beam one can derive equation
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From here expression for growth rate of
perturbation’s amplitude follows

V=0 ,(n, /2n,)" (1,50, / mV.)".
Thus, the interaction of the electron beam with

solitary perturbation leads to growth of its amplitude in
a goodness with similar results, obtained in [4-10].
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The hump of electric potential can be excited as
a wake-field by electron bunch, but the hollow of
electric potential, considered here, is excited as a
precursor of electron bunch. Because this hollow forms
the positive spike of electron density, it can be excited
as a precursor of laser pulse.

The velocity V. of the solitary precursor grows
with amplitude growth ¢,. At large amplitude the
velocity of the solitary precursor in the nonrelativistic
case can exceed more than two times the velocity of
electron bunch, which excites this precursor.

In relativistic case the soliton is described by
equation
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Its shape is determined by equation
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From condition ¢ "¢ _ follows that the

maximum velocity of solitary perturbation is realized at

e .= mc’(y, - 1) and is determined by equation
Yo-Vo4/3+1/3+ 4w /c’k? =0

The electron bunch, which excites solitary
precursor, deforms the shape of this precursor. The
latter becomes nonsymmetric.
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