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1 INTRODUCTION

In [1] the excitation of electromagnetic soliton has
been investigated at wakefield generation, which can not be
described as envelope. The soliton is formed after electro-
magnetic pulse. The solitons are nonlinear wideband elec-
tromagnetic pulses. Many papers have been published on
solitary perturbations and their applications (see, for exam-
ple, [2, 3]).

At large intensity of laser radiation the qualitative
changing of interaction of this radiation with plasmais real-
ised. Namely, the possibility of solitary perturbation forma-
tion appears. Really, experiments have shown that if the
dispersion relation of excited oscillations is linear, then the
solitary perturbation formations are possible.

There were many attempts to construct analytical so-
lution in type of electromagnetic solitary perturbation. In
this paper similar solitary perturbation is investigated ana-

Iytically.

2 PROPERTIESOF A SOLITARY
PERTURBATION, PROPAGATING WITH
LIGHT VELOCITY

In magnetized plasma one mode, propagating under
angle B to the magnetic field H0 — 00 hasfollowing dis-
persion relation

0 = ckw, cos e/(uﬁ +c2k2)ﬂ2 1)

Here @, is the electron plasma frequency; «,K are fre-
guency and wavevector; ¢ isthe light velocity. One can see
that for @ p<<Ck the dispersion relation is close to linear

one W = Cck cosB . Hence, one can assume that a solitary

perturbation can be formed on this mode. Let us derive a
nonlinear equation, describing this solitary perturbation.

Let us consider plane metallic waveguide filled by
plasma. The waveguideis of dimension a aong axis y; the
perturbation propagates with velocity \7s in (X,Z) under
angle O to axis z. We consider the solitary perturbation

of electric potential ¢ of small amplitude, — ¢ , - From
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Maxwell equations one can derive the eguation for
electricfield E

AE-(V,0) E/c

- Lo 2
+4ne[On- (V[ )nv/cq 0

Here N,V are density and velocity of plasma elec-

trons. For latter determining we use the kinetic equation
for electron distribution function f,

of /ot + (vO)f ~
—(e/me)(E +[v XB]/c)afe/a\‘/ =0 ©
As we consider strong magnetic field

I:I0 — 0o, directed along z axis, then the plasma elec-

trons propagate along this axis. Because we derive so-
lution in kind of stationary soliton, propagating with

velocity \75, we use dependence of f. on coordinate
and time T — \75t . In this case equation (3) has fol-
lowing form

- (V.OD)f+ v,0,f+

z-zZ e

+(e/m,)(0,9)of, jov, =0’ (4)

where E, =—0¢ /0z. From Vlasov equation for
electrons (4) one can obtain expressions for electron
density perturbation dn =n—n, and their z com-
ponent of current

&n = -n,(edpcos? 6/m V?Z) x
x(1-15ep cos?6/m V2), )

j, =—€eV.6n/cosB

Using (5), from (2) we derive nonlinear equation for
small amplitudes
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0" =[k? —(1—V52/c:2 cosze) X
x(1-15epcos’0/m V) x @
x w2 cos’ G/VSZ] ¢/(1‘V52/02)

" is the space derivative along direction of perturbation
propagation, k. is the transversal wavevector. Integrating

(6), one can obtain equation for (= e cos® 9/ m. V2

()" = F oF[k2 1 o +1/¢? -
—cos’B8/VZ +@cos’ §V?2 - @)
-1/c*)] I A-VZ/c?)

0 =0 , one can derive the expression for

Using @' .

velocity of solitary perturbation in type of electric potential
well

V, =
) ccose[l+ cpoczké/Z(Czkm2 + 0%)] ®)
o reneg)”

One can see that the solitary perturbation is formed on two
modes with dispersion relations « =, k/k; and

w=ckcosO . The velocity of the solitary perturbation
grows with amplitude.

Approximately from A¢ = (pu/([f o=—q,2
can find the expression for width of the solitary perturbation

one

AE =
(Zme/eqao)mZowp(czké + W’ sin’ E))ﬂ2 )
(czké +oo§)kD

and at sinB<<ck,/w, <<1

Ag =202(2me/e:|>0)1/2/wp. One can see tha the

width of the the solitary perturbation A& decreases with

its amplitude ¢, , and there are three parameters for con-

trol of the solitary perturbation properties: K 0, Wy, 0.
Using (8), one can solve the equation (7) in type

0"/

(10

cp:—cp)/ch2
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where & is the coordinate along the direction of per-
turbation propagation

n=k? (CZkDZ +w§)/(czl§2 +w? sin’ 9)..

3 EXCITATION OF A SOLITARY
PERTURBATION BY AN ELECTRON
BEAM

Up to this time we have considered the station-
ary soliton. Taking into account the electron beam and
time derivative in Vlasov equation should lead to
growth with time of soliton amplitude. Hence from
Vlasov equation for distribution function of electrons f,
one can obtain

0,19 +(V -V, /cosB)d fP =0 (1)

which is obtained by assuming smallness and a slow
time and space variation of @ . Here fe(°) is the qua

sistationary distribution function of electrons, f él) is

the perturbation of electron distribution function, de-
termined by nonstationary of potential (t). Integrating
(11) over velocity one can get the next order correction
to the space derivative of the electron density. This
expression must be equal to ny, the space derivative of
the electron beam density perturbation, which follows
from the space derivation of Poisson’s equation. The
latter quantity is found from the hydrodynamic electron
equations in linear approximation which read at

V, =V,/cosb
orn, = —Ny,(e/ m)oze (12

From (11) , (12) and Poisson equation follows
070 = ~(Ny, / 20 VD" (13)
From (6), (7), (13) one can derive

dlp=
(N /2n,)@ (@, +3¢ o}V, cos® B(14)
(1+oo§sin2 e/czké)

A solution of (14) is obtained by an appropriate exten-
sion

o=@ () H E—_de o/, (@( ], (15)
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W(E) =1/ ch*(E~2/ 8E(9,)) . In
(15) achange OV, of the soliton velocity V., dueto the

interaction with the electron beam is taken into account.
From (14), (15) one can derive for 8V and growth rate
y =0Ing, /ot of amplitude @, following expressions

where from (10)

&V, =V, (n, /n,)",

y= (16)
w, cos’ §(ny, / n,)"°(L5ed, / mvZ)2

- (1+ w? sin? 8/ ¢k?)

Note the appearance of (ny/n,)*> in both expressions asin
the linear electron-beam-plasmainstability.

4 CONCLUSION

Thus a beam-plasma-type interaction between the
electron beam and electron solitary perturbation leads to its
growth in metallic magnetized plasma-filled waveguide in
coincidence with asimilar result obtained in [4-24] for soli-
tary perturbations in drifting plasmas and in beam-plasma
systems.

From (8), (9) and (16) the properties of solitary per-
turbation are followed at 6 =0

V.=

c[1+ (poczké/z(czkm2 + wﬁ)]
- 12

21,2 2
(1 +c’k?/ wp)
AE :(2m /eb )1!220200 /(czk2 +oo2) (17)
e ) p g p
_~ 3 2\V2
y= wp(nbo / no) (:Lseq)o / meVs )

Also the properties of solitary perturbation are inter-

estingfork ; =0

V. =c, AE :(Zme/ecbo)ﬂZZCZ/wp ,
y=(e,/c)(n,/n) (WBe0, /M) g
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