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Abstract

The problem of creation and the results of experimental investigation of superdense subrelativistic electrons micro-
beams with current density 10*° A/em? < j < 10*A/em?, duration At = 1-10ns and energy about 0.01-1MeV are
discussed. The interaction of these micro-beams with condensed target and ions beams are investigated. The problems of
isomers excitation and active medium for both X-ray laser and gamma-laser creation by use of super-dense electrons

micro-beams are also studied. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

The problem of generation of relativistic and
subrelativistic electrons is among most challenging
ones. Using such beams, it would be possible to
develop both X-ray and gamma lasers and to excite
short-lived nuclear isomers. As shown by estimates,
electron beams of a density not less than j=
10*°-10'* A/cm?® are needed for this purpose.
Accordingly, a current density j = 10'#~ 10'® A/cm?
is needed for excitation of long-lived isomers.
A critical current density j = 108-10'° A/cm?
is required for an X-ray laser based on the
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phenomenon of stimulated emission of radiation
at channeling of relativistic positrons in single
crystals.

Obtaining such current densities with the use of
traditional linear and ring-type accelerators is im-
possible. Some models of microaccelerators and
optimized macro accelerators, providing for
achievement of required current densities will be

‘discussed below. Some fields of their application

will also be considered.

2. Creation of traveling inversion for an X-ray laser
in plasma environment with the aid of an annular
pulse of femtosecond laser

The problem of generation of a superdense elec-
tron beam for exiting a traveling pumping in an
X-ray laser can be solved by the use of an annular
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femtosecond laser pulse with a total intensity Jg.
The energy of interaction

V=V, +V, =(q/2mo)A(r,0p + (q°/2mc*)|A (r, 1)]?
(1)

of an electromagnetic field characterized by the
vector-potential A(r, t) with a particle having charge
g, pulse p and mass m can be determined from the
general expression for the energy of the particle in
a non-relativistic approximation

e =mc’ + [p — (a/c)A(r,0)]*/2m. @)

The first term in (1), V{, represents the periodic
motion of charge q in the harmonic wave field A(r, t)
(during every period of oscillations the electron
twice draws energy from the field and twice returns
it); the second term in (1), V,, characterizes the
process of constant-sign interaction with the field
and determines the average force F = — V{V,)
which permanently acts on the charge q.

With account of the relation between the vector-
potential A(r,r) and vector of the wave field
intensity

E(r,t) = — (1/c) dA(r, t)/dt = (w/c)A(r,t)

and also taking into consideration a periodic char-
acter of the time dependence of A(r,t) and E(r, ), we
find the final expression for the period-averaged
laser wave of the ponderomotive interaction
energy:

Wy (r) = (V3) = (& /2ma*)|E(r, 1))
= (ne*/mcw?)J(r). 3)

Consider the longitudinal action on a slow gas
(plasma) jet having a radial density n(r) =ng
exp( — r*/r§) of an annular laser pulse, coaxial with
the jet, of an intensity J,, outer radius R,, and
thickness R < R,.

Atirradiation of a medium where the density n of
electrons and ions is less than the critical density
e, = mw?*/4me? with an annular laser pulse there
occurs a radial acceleration of electrons to the
center of the beam. During the action of a femto-
second pulse, ions remain stationary (because of
a large difference in masses).

The acceleration of a tubular current of electrons
towards the center of the laser pulse in single-
ionized plasma increases the intensity E,(r) =
4nR, IR n(R,)e/r of the field acting from stationary
ions on each of the electrons being accelerated. The
existence of this field of separated charges results in
braking of electrons and decrease in the energy of
each of the electrons by a value of

W,(r) = ff"Fq(r) dr = 4nRoSR (R )e* In(R, /1), @
F(r) = eEy(r).

The total energy of each of the electrons being
accelerated by the laser pulse in the region r < R, 1s

W(r) = WL(r) — W, (r) = (me*/mcw®)J
— 4nRydRn(Ry)e* In(R, /r). (5)

Consider the action of a laser pulse with an
intensity Jo, = 10'® W/cm?, frequency o = 2x
10'%s~', and focal dimensions Ry = 5pum,
S6R = 1 um on a plasma jet with an effective radius
ro = 23um and maximum density on the axis
ne = 10%°cm ~ 2. The energy of each of the electrons
being accelerated by the laser in a region with
a radius R, (R, >R, >R%10% is W(R,) =~
10keV, which corresponds to their velocity v =
5 x 10° cm/s. Accelerated electrons leave the region
of action of the annular laser pulse in time

At =~ mwSR(2eme?Jo)> =3 x 1071 (6)

which is several orders of magnitude less than the
duration of the laser pulse.

The motion of the tubular current converging
towards the center increases the volumetric density
of moving electrons from the initial value
1.(Ro) = n(Rg) to n.(R) = n(Ry)Ry/R on a ring of
radius R (see Fig. 1).

In the small-radius plasma jet under considera-
tion with a density n < n.,, a linear braking of the
current of fast electrons on their path in the jet from
the edge to the center of the laser pulse can be
ignored. The main mechanism of braking of the
converging current of electrons, characterized by
velocity v(R) and density j(R) = (R)n.(R), at interac-
tion with the plasma target is a collective interaction
(two-beam plasma instability), characterized by the
development increment dw = @, [1.(R)/n(R)].












