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The purpose of the present paper is to report preliminary results of ex-
periments on the interaction of high-current relativistic beams with a plasma.
The experiments were performed with the setup illustrated in Fig. 1. An elec-
tron beam (current up to 60 kA, electron energy up to 1.0 MeV, energy spread
~v20%, pulse duration 3 x 10~ % sec) was produced with the ald of a cylindrical
dual shaping line (DSL) filled with distilled water. The line was charged with
a pulsed Marx generator desligned for an output voltage up to 0.5 MV with a
steep leading front of the voltage pulse [1]. The electron source used in the
experiments was a needle-point cathode whose geometry ensured good matching of
the electron gun with the DSL.

We investigated the passage of a relativistic beam through a chamber 3 m
long filled with nitrogen at pressures 107% - 20 mm Hg. When the beam passed
through the gas, a plasma of density 10'? - 5 x 10'? em™® was produced, and
the electron beam was compensated both in charge and in current. The return
current in the plasma was 70 - 80% of the current im the beam. The pressure
range corresponding to the best passage of the beam was 5 x 10-% - 8 x 10~!

mm Hg. At pressures lower than 5 x 107? mm Hg, the beam was blocked, since no
gas focusing took place. At pressures above 2 mm Hg, the scattering of the
electrons of the return current in the gas becomes appreciable. The formation
of plasma following passage of a high-current relativistic beam 1s apparently
due to collective effects, namely lonization in the fields and the beam-excited
oseillations [2, 3]. At the same time, a characterlstic periodic structure is
observed and constrictions (necks) are observed along the beam (Fig. 2a). Under
the conditions of optimal gas focusing, the minimum beam radius in the neck re-
gion reached 3 mm. The relaxation period in the beam is of the order of 40 - 50
cm.
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Fig. 1. Experimental setup: 1 - Marx generator, 500 kV, 2 - charging
insulator, 3 - coaxlal double shaping line, 4 - coaxial transformer,
5 — liquid dielectric (distilled water), 6 - cathode of vacuum diode,
7 - bushing insulator, 8 - shunt-type current meter, 0.1 ohm resis-
tance, 9 — anode (aluminum foil 40 u thick), 10 - drift chamber,

11 - movable collector.

Fig. 2. Passage of relativistic electron beam through a gas under dif-
ferent conditions: a - beam current 30 kA, pressure 2 X 10-! Torr;

b - beam current 50 kA, pressure 4 x 107! Torr; ¢ - beam current,

55 kA, pressure 1 Torr.
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At large beam currents, I > 40 kA, and at an energy € = 1.0 MeV, we ob-
served development of a macroscopic beam instability of the "hose" type [47.
The instability leads to a transverse dlsplacement of the beam and to the oc-
currence of perturbations of the flat "snake" type (Fig. 2b). The instability
increments are [5]
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(n: and no¢ are respectively the beam and plasma density, m is the electron mass,
M is the ion mass, c¢<86> is the average spread of the transverse velocities, and
ro is the initial beam radius).

Under the conditions of the experiment, Gh is equal to 3 x 108 - 10° sec™?,
i.e., Gth = 10 - 3. The instability can therefore be observed only at the
maximum currents attainable in this experiment. The wavelengths of the excited
osclllations are bounded by the condition A > 2Ty /<6> = 20 - 40 em.  The ex-
pirimentally measured values of X in the case of the "hose" instability are
~4o - 50 em. ’

Experiments were performed on the generation of microwave radiation by in-
teraction of the relativistic bea9 with the plasma. In view of the small angle
scatter in the beam, 8 < (ni/ne)!/?, and the small longitudinal-energy spread,
ANE&/E < (ni/neg)'/3ye (yo is the relativistic factor), the instability résult-
ing from the interaction of such a beam with the plasma is hydrodynamic, with
an increment equal to

1/3 , k? 1 Cp2./3
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where wp is the plasma Langmuir frequency, and KL and kz are the transverse and

longitudinal components of the wave vector. 1% is known that a changeover %o
pelativistic beam energies leads to a considerable increase of the energy of
' the microwave oscillatlions excited in the

nhydrodynamlc instability (vy3) [61. At the
2 J y 5 same time, at large Yo the growth lengths
-/ /’ of the oscillations increase apprecilably,
//. T 7T 7 Lr—7§ ‘and to obtain noticeable effects at short

lengths it is necessary to use modulated

§ beams. Owing to the difficulty of modulat-
ing high-current beams at relativistic
energles, a highly promising procedure is

T ! to use the self-modulation resulting from
/A// Cj 7 the interaction of the beam with a periodic
. /j structure having a resonant frequency close
to the plasma frequency.

To obtain this effect we used a slow-
wave structure comprising a section of an
iris-loaded waveguide 1 m long, designed
for a frequency 2500 - 2800 MHz and a slow-
ing-down factor 8 = 0.7 (Fig. 3). 1In the
future we hope to use waveguldes of higher
frequency, in order that the beam self-
modulation oceur at frequencies close to
the plasma frequency. At pressures 0.1 -
1 mm Hg, the beam passing through the
section produced a plasma of density
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Fig. 3. Diagram of experi-
ment on the interaction of a
beam with a periodic struc-
ture: 1 - charging Marx gene-
rator, 2 - double shaping
line, 3 - vacuum diode,

4 - iris-loaded waveguide,

5 - drift chamber, 6 - match-
ed calorimeter load, 7 - OK-
19M oscilloscope.



1912 - 10'? em™%, and this led to an increase of the slowing down in the sec-
tion to a value 0.3 - 0.5 in the frequency range under consideration.

puring the course of the pulse, the beam energy ranged from 0.3 to 1.0 MeV.
The width of the rescnance between the beam and the excited waves with frequency
w and wave number kZ is
" o, 2/3 Vg/a
II__ “‘N(Z;) L 1sYe ' (3)
g

where vo 1s the beam velocity, w_ 1s the Langmuir frequency of the beam, vg is

b
the group velocity of the wave, and we 18 the resonant frequency of the section,.
Under the conditions of the experiment, the beam is at resonance with the ex-
cited waves during the entire pulse.

The length & over which the oscillations build up is of the order of £ "~
2/3.,1/8 2%3 1/3
10v} Vg /wb wg = 20 - 30 em, i.e., mich less than the length of the section,

Thus, self-modulation of the beam produces a noticeable effect. The self-
modulation is accompanled by generation of intense microwave oscillations at the
resonant frequency wo. The microwave power was measured by two methods, with a
calibrated detector and with a calorimeter matched to the wavegulide channel
(SWR = 1.35). The power reached 10’ W. The generation of radiation was ob-
served in the entire range of waveguide frequencies, with a maximum at 2600 MHz,
and its duration was 3 X 10”8 sec.
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+ We have obtained new data on the coherent generation of a triad of pions
(v727") on light nuclei (C, F, Cl) by a 7 meson having a "momentum" ~3.9
GeV/c. Some experimental details can be found in [1].

An increase of the statistics has enabled us fto study a group of reactions

(202 events) with t' = !t - tminl < 0.03 (GeV/c)?, in which the fraction of the

coherent events, according to the most rigorous estimates, is not lower than
hog. The general characteristics of this group can be seen in Fig. 1. The
presented mass distributions agree qualitatively with the corresponding dis-
tributions observed in similar experiments at higher energies.
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