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Low frequency instabilities (WHi « W « WHe) leading to restriction of the beam current 
in a linear plasma betatron are investigated. Conditions for the appearance of oscillations 
and their dispersion properties (frequency characteristics and space structure) are 
studied. Development of the instabilities is accompanied by anomalous plasma diffusion 
and a displacement of the plasma across the magnetic field. Consequently the instabili
ties are a serious obstacle for formation of intense electron beams in a plasma. The 
experimental results are compared with theories of current-convective beam instability 
in an inhomogeneous plasma and of excitation of helical waves by a beam. 

INTRODUCTION 

Experiments with a linear plasma betatron[1, 2 J have 
shown that by applying an external electric field to a 
plasma it is possible to accelerate intense electron 
beams in the plasma. The use of plasma in a betatron 
makes it possible to compensate for the space charge 
of the accelerated electrons and to obtain beams with 
large currents (~10 kA). At the same time, the pres
ence of a plasma through which a powerful electron 
beam passes leads to the onset of a number of instabili
ties that exert an appreciable influence on the beam. 
Thus, the development of high-frequency instabilities 
(w ~ wpe) leads to partial deceleration of the beam 
and to a spreading of its energy spectrum. Earlier ex
periments[1J have shown that it is possible to stabilize 
the high-frequency instabilities and to narrow down con
siderably the energy spectrum of the accelerated elec
trons. However, together with high - frequenc y instabil
ities, the effect of which decreases with increasing ac
celerating voltage, there exist in the betatron also low
frequency instabilities (wHi « W « wHe ), which ap
parently present the most serious danger for the ac
celeration of electrons in a plasma, since they produce 
abrupt changes in the parameters of the plasma itself, 
namely, a rise in temperature, a decrease in the con
centration, and anomalous diffusion. All this affects 
seriously the parameters of the beam emerging from 
the accelerator, especially its duration. Further inves
tigation of the conditions under which powerful electron 
beams are formed in a plasma calls therefore for a 
study of the low-frequency instabilities that occur in a 
betatron and for a determination of the conditions for 
their stabilization. 

PROCEDURE AND RESULTS OF EXPERIMENTS 

The experiments were performed with a small model 
of a linear plasma betatron[I J• The highly ionized beam 
plasma with concentration 2 x 10 '2 < n < 2 x 10 '3 cm- 3 

was produced in a glass chamber 100 cm long and 5 cm 
in diameter, in a longitudinal magnetic field of intensity 
2 kOe. The initial diameter of the plasma column was 
~2 cm. When a solenoidal accelerating voltage of 
10-60 kV of 0.5 /lsec duration was applied to the 
plasma, an intense electron beam was produced in the 
betatron, with current 500-1000 A. We measured the 
beam current, its distribution over the cross section of 
the plasma column, the amplitudes and frequency spec
tra of the low-frequency oscillations (wHi <<. W <<- WHe), 
the x-radiation from the walls of the accelerator cham-
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ber, and the plasma concentration, all as functions of 
the time. 

The beam current was measured with a Rogowski 
loop with bandwidth 50 MHz, the signal from which was 
fed to the plates of a fast-sweep oscilloscope. To study 
the time distribution of the current density over the 
cross section of the plasma column, a diaphragm was 
placed at the exit of the beam from the betatron; the 
holes in the diaphragm collimated the beam current 
from different part of the cross section onto a system 
of concentric Faraday cylinders insulated from one 
another. The signals from the cylinders were fed to the 
plates of two-beam high-speed oscilloscopes and were 
registered simultaneously. 

The low-frequency oscillations produced in the beta
tron following development of the instabilities were 
registered by three methods. First, the oscillations 
taken out of the plasma by the beam of accelerated 
electrons were selected with a system of coupled coils 
and fed to a fast-sweep oscilloscope directly or through 
a wavemeter. Second, the oscillations were received by 
a capacitive probe placed in the plasma at the exit from 
the betatron. Third, the LF oscillations radiated from 
the plasma were registered with loop antennas mounted 
at different points along the chamber, and were fed to 
the oscilloscope through wavemeters. In addition, the 
LF oscillations could be observed in the beam current 
itself. To investigate the spatial distribution of the os
cillations, we used a system of two loop antennas placed 
in the same chamber cross section at equal distances 
from the axis and capable of moving in azimuth. 

The x-rays from the accelerator-chamber wall, 
produced as a result of the scattering of the beam 
electrons by the oscillations and their deflection to the 
wall, were registered with a stilbene crystal and a 
photomultiplier. The x-ray photograph of the accelera
tor chamber was obtained with the aid of pinpoint 
camera. 

Investigations of the behavior of the beam of accel
erated electrons at initial plasma concentrations no 
< 1 x 10 13 cm- 3 have established that variations of the 
voltage applied to the plasma changes not oMy the beam 
current, but also its waveform. Some (2-3) x 10-7 sec 
after the production of the beam, a dip appears in the 
current pulse; this dip increases with increasing volt
age, and in final analysis imposes a limitation on the 
beam-current duration. The limitation (break) of the 
beam current occurs earlier at lower plasma concen-
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trations. The effect of current limitations is particu
larly noticeable under good vacuum conditions after 
repeated preconditioning of the system with discharges. 

An investigation of the oscillations radiated from the 
plasma by the beam has shown that intense low-fre
quency oscillations at frequencies f ~ 50-1000 MHz 
are produced shortly before the break in the plasma 
current. Figure 1 shows oscillograms of the beam 
current (upper trace), of the oscillations radiated from 
the plasma by the beam (central curve), and of the os
cillations from an electric probe placed in the plasma. 
The sweep duration is 1.5 jJ.sec, the initial plasma con
centration is no ~ 7 x 10 12 cm -3, and the voltage is 
40 kV. The oscillograms were obtained simultaneously 
with two high-speed oscilloscopes. The oscillations 
both from the coil and from the loop had a sufficient 
amplitude to be fed directly, without preamplification, 
to the oscilloscope plates. From a comparison of the 
oscillograms we see that the break in the beam current 
coincides in time with the development of intense oscil
lations in the plasma. With the exception of the initial 
section, the oscillations registered by a probe placed 
in the plasma coincide with the oscillations radiated 
from the plasma by the beam. The oscillations observed 
during the initial state of acceleration in the beam 
(central trace) and not observed at this instant in the 
plasma (lower trace) are apparently due to modulation 
of the beam current, during the instant of its formation, 
by space-charge oscillations in the cathode part of the 
plasma column. The same oscillations modulate also 
the beam current during the initial stage of its forma
tion. 

The dynamics of the development of the oscillations 
can be easily examined at low beam energies, when the 
amplitudes of the oscillations and the ensuing effects 
are small (the beam energy is determined by the voltage 
applied to the plasma). As a rule, there are initially 
produced in the plasma oscillations with frequency 
f ~ 50-70 MHz, which are weakly modulated by higher 
frequencies. With increasing beam energy, the ampli-

FIG. I. Oscillograms of beam current (upper trace), of the oscillations 
carried out from the plasma by the beam (central trace), and of the oscil
lations from an electric probe (lower trace). Sweep duration 1.5 J.lsec, ini
tial plasma concentration no ~ 7 X 1012 cm- 3, V = 40 kV. 

t, Jlsec 

FIG. 2. Oscillation oscillograms obtained with fast-sweep oscilloscope: 
I-W = IS keY, 2-W = 25 keY; no ~ 5 X 10 12 cm- 3• 
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tudes of the fundamental frequency and of the modulat
ing frequencies increase. The oscillations span a large 
region of the frequency spectrum. Figure 2 shows oscil
lograms of oscillations obtained with a fast-sweep 
oscilloscope for two beam energies (15 and 25 keY, 
no ~ 5 x 10 12 cm-3 ). Zero time corresponds to the in
stant of beam formation. We see that oscillogram 1 
constitutes almost harmonic oscillations with frequency 
f ~ 60 MHz which become modulated at higher fre
quencies to~ards the end of the pulse. The o_~cillations 
are produced with a rather large delay (~10 sec) 
relative to the instant of beam formation. The growth 
increment is Y ~ 5 X 107• With increasing beam energy 
(oscillogram 2), the oscillations develop much earlier 
and are strongly modulated by the high frequencies. 
Starting with the midpoint of the pulse, the oscillation 
frequency increases sharply. With further increase of 
the beam energy, the oscillations with higher frequen
cies shifts towards the origin and extend over prac
tically the entire pulse duration. Figure 3 shows the 
spectrum obtained by reducing a section of a similar 
oscillogram (no ~ 5 x 10 12, W = 50 keY, T ~ 0.3 jJ.sec). 
The spectrum of the excited oscillations spans the fre
quency region f ~ 50-1000 MHz, which a maximum at 
f ~ 200-400 MHz. Besides measuring the intense os
cillations directly in the plasma and in the beam, we 
registered them also with loop antennas placed near the 
accelerator chamber. The frequency spectra of the 
oscillations received by these antennas coincide with 
the frequency spectrum of the oscillations received 
with the coil and with the probe. 

Increasing the plasma concentration exerts a strong 
stabilizing influence on the oscillations. Thus, when 
the initial plasma concentration is increased from no 
~ 4 x 10 12 cm- 3 to no ~ 3 x 10 13 cm- 3, the amplitude of 
the oscillations decreases sharply, and the frequency 
spectrum becomes narrower on the low-frequency side. 
The dependence of the maximum frequency of the spec
trum on the concentration is given apprOximately by the 
relation fmax 0:: n -1/2. The effect of the oscillations on 
the beam current also decreases with increasing plasma 
concentration. Figure 4 shows osC'i.llograms of the 
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FIG. 3. Spectrum of oscillation frequen- U.5 
cies (no ~ 5 X 1012 cm-3 , W = 50 keY, 
T ~ 0.3 Ilsec). U.¥ 

U.z 

FIG. 4. Oscillograms of beam current (low
er traces) and of oscillations (upper traces) 
with frequency f ~ 200 MHz at different plas
ma concentrations: a-no ~ I X 1013 cm-3 , b
no ~ 8 X 10 12 cm-3, c-no ~ 5 X 10 12 cm-3 ; 

V = 40 kV, sweep duration 2 Ilsec. 
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beam current and of the oscillations with frequency 
f ~ 200 MHz for an accelerating voltage 40 kV and 
plasma concentrations no ~ 1 x lO'S cm-s (a), ~ 8 x 10 '2 

cm-s (b), and ~ 5 x 10 '2 cm-3 (c). The sweep duration is 
2 sec. At low plasma concentrations (c), the oscilla
tions of frequency f ~ 200 MHz develop immediately 
after the onset of beam and have a large amplitude. The 
beam current at that instant decreases sharply. With 
increasing plasma concentration (b), the effect of the 
oscillations on the beam decreases, the amplitude of 
the oscillations decreases, and the oscillations them
selves appear much later in time. Finally, at a large 
plasma concentration (a), the amplitude of the oscilla
tions becomes so small that it exerts practically no in
fluence on the beam. The dependence of the amplitude 
of oscillations with frequency f ~ 200 MHz and of their 
growth time to maximum on the plasma concentration 
is shown in Fig. 5 for an accelerating voltage 40 kV. 
The time is reckoned from the instant of beam produc
tion. The oscillations have a maximum at a plasma 
concentration no~ (3-4)x 10 '2 cm-3 • At a concentra
tion no ~ 1.5 x 10 '2 cm-s, owing to the insufficient elec
tron emission from the cold cathode, no beam is pro
duced in the betatron (breaking of circuit). At a concen
tration no> 3 x lO'S cm- s, the excessively large emis
sion of electrons from the cathode destroys the condi
tions for beam formation. In this case, the discharge 
current is carried by the main bulk of the low-energy 
plasma electrons. 

An investigation of the oscillation frequencies in dif
ferent gases has shown that the oscillations are not 
very sensitive to the ion mass. Thus, measurements of 
oscillations in argon and hydrogen show that both the 
oscillation amplitude and the maximum of the excited 
frequencies are 2-3 times larger for hydrogen. De
pending on the plasma concentration and on the type of 
gas, the oscillation increments run in the range 
y ~ 5 X 107 - 1 X 108• With increasing beam energy and 
with decreasing plasma concentration, the growth in
crements of the oscillations increase. An increase in 
the magnetic-field intensity, to the contrary, decreases 
the growth increment 0" the OSCillations, increases the 
oscillation frequency, and reduces their amplitude. 

Measurement of the oscillations at different points 
along the chamber has shown that the low-frequency 
oscillations are produced initially in the near-cathode 
part of the plasma column, and then propagate with 
velocity ~109 cm/sec (lower than the velocity of the 
accelerated electrons) along the accelerator chamber. 
Their amplitude is larger in the near-cathode region of 
the plasma column. 

Measurement of the oscillations with two loop an
tennas in a single cross section have shown that the ob
served low-frequency oscillations are axially asym
metrical. Figure 6 shows oscillograms of oscillations 
at a frequency f ~ 200 MHz from two probes located at 
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FIG. 5. Amplitude of 
oscillations of frequency 
f ~ 200 MHz (X) and their 
growth time (0) vs. the 
plasma concentration. 
V ~ 40 kV. 'x 

'" 0 10 ,2 Z J q 5578/0 13 Z J q 5 57810~ 
11, cm~3 
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a single point of space (a) and shifted relative to one 
another by an angle rp = 1800 (b). The sweep duration 
is 2 J,J.sec. When the antennas are separated, the,signals 
from them differ both in amplitude and in waveform, 
thus indicating that the oscillations have no axial sym
metry (krp "" 0). 

The development of low-frequency instabilities in the 
betatron is accompanied by the expansion of the beam, 
its motion to the wall, and an anomalous diffusion of the 
plasma across the magnetic field. Measurement of the 
beam-current density over the cross section of the 
plasma column at the exit from the betatron shows that 
the beam current denSity changes during the course of 
the pulse not only in time, in accordance with the change 
of the voltage applied to the plasma, but also in space. 

Figure 7 shows oscillograms of the beam-current 
density on the plasma-COlumn axis (lower trace) and at 
a distance 1 cm from the axis. The sweep duration is 
1 J,J.sec, the voltage is 40 kV, and the plasma denSity is 
no ~ 8 x 10 '2 cm-S• We see that the electron beam is 
initially formed in the axial part of the plasma column 
with a diameter smaller than 2 cm (there is no current 
at a radius 1 cm away from the axis). After ~1O-7 sec 
following the start of beam formation on the axis, a 
current is produced also in plasma-column cross
section regions that are remote from the axis, and the 
onset and growth of the current on the periphery of the 
cross section is accompanied by a decrease of the cur
rent density at the axis of the plasma column. The 
decrease of the current at the axis of the plasma col
umn coincides in time with the onset of low-frequency 
oscillations in the beam. This indicates that the devel
opment of high-frequency instabilities apparently 
broadens the beam and deflects it to the wall. Measure
ments of the time of break of the beam current in the 
near-axis region as a function of the plasma concentra
tion, the type of gas, and the beam energy indicates the 
following regularities: 

First, the time of current interruption depends Sig
nificantly on the type of gas and on the voltage. Figure 
8 shows plots of the time when the current starts to 
decrease on the axis against the accelerating voltage 
for argon and hydrogen. The plasma density was no 
~ 3 x 10 '2 cm-3• With increasing beam energy, the time 
of beam-current interruption decreases. The beam 
current breaks in hydrogen much earlier than in argon. 
Second, there exists a threshold beam current Ithr, 

FIG. 6. Oscillograms of oscillations at 
frequency f ~ 200 MHz from two probes: 
a-at one point of space, b-Iocated at an 
angle <p = 1800 relative to each other. 
Sweep duration 2 Jlsec. 

----~ /~ -------
- --,'1- ,:; .-

FIG. 7. Oscillograms of beam-current density on the axis of the plas
ma column (lower trace) and at a distance of I cm from the axis (upper 
trace). Tdev ~ 1.0 Jlsec, W = 40 keY, no ~ 8 X 10 12 cm-3. 
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starting with which low-frequency instability develops 
in the plasma and causes the beam current to break. 
Figure 9 shows the dependence of the threshold beam
current density ithr on its energy. The initial plasma 
concentration is no ~ 8 x 10 12 cm- 3 • The threshold cur
rent increases with increasing beam energy. The 
threshold current is proportional to u 2, where u is the 
velocity of the beam electrons. The threshold beam 
current increases with increasing magnetic-field in
tensity. 

The x-ray emission from the accelerator-chamber 
wall coincides in time with the instant when low-fre
quency oscillations occur in the plasma and the beam 
current breaks. This emission, just as the oscillations, 
occurs initially in the near-cathode part of the acceler
ator chamber, and then propagates along the chamber 
at the same velocity as the oscillation amplitude. Most 
Y quanta have energies not exceeding the beam-electron 
energy, but the emission spectrum does contain an ap
preciable fraction of Y quanta with energy up to 200 
keY. X-ray photography of the accelerator chamber 
shows the trace of the beam as it is diverted to the wall. 
The beam is twisted into a helix with pitch h ~ 10 cm. 

The development of low-frequency instabilities leads 
to anomalous diffusion of the plasma cross the mag
netic field. Thus, within the lifetime of the intense 
oscillations (Le., 0.3-0.4 J.lsec), the plasma concentra
tion decreases by a factor 5-7. In a poorly outgassed 
system, the oscillation intensity decreases sharply and 
there is no decrease in the plasma concentration. To 
the contrary, the influx of gas from the chamber walls 
(due to gas desorption following bombardment of the 
walls by beam electrons scattered by the oscillations) 
and subsequent ionization of the gas in the HF field of 
the oscillations lead to an increase in the plasma con
centration. Under such conditions there is no break of 
the beam current. 

The onset of low-frequency noise in the betatron and 
the limitation of the beam current depend to a consider
able degree on the homogeneity of the magnetic field 
along the chamber. A local inhomogeneity of the mag
netic up to 50% (turning off one of the coils) leads to a 
more rapid development of the instabilities and to a 
break of the beam current within 0.2 J.lsec even at a 
high plasma concentration. 

DISCUSSION OF RESULTS AND CONCLUSIONS 

As shown by our investigations, the low-frequency 
instabilities arising when strong-current electron 
beams are accelerated in a plasma are characterized 
by the following features: 

1. The oscillations are excited in the frequency 
range wHi « W « wHe, with a maximum at frequencies 
f ~ 200-400 MHz. 

2. The frequency spectrum of the oscillations de
pends little on the type of gas, and the oscillation fre
quency spectrum broadens towards the higher frequen
cies with increasing beam energy and with increasing 
magnetic field. With changing plasma concentration, 
the maximum oscillation frequency behaves like fmax 
~ n-J./2 

3. The oscillations are axially asymmetrical (k~ 
'" 0). Their growth increments amount to Y ~ 5 x 10 
- 1 X lOB and increase with decreasing plasma concen
tration and with increasing beam energy. 
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FIG. 8. Time of current limitation vs. accelerating voltage (V): X

argon, O-hydrogen, no - 3 X 1012 cm-3• 

FIG. 9. Threshold values of the beam current density Gb) vs. the beam 
energy, no - 8 X 1012 cm-3. 

4, The instability develops starting with a certain 
threshold value of the beam current, which is propor
tional to the square of the beam-electron velocity (u 2). 
With increasing magnetic field intensity, the threshold 
value of the beam current increases. 

5. The low-frequency oscillations develop under 
conditions when intense high-frequency oscillations 
(w ~ wpe) are present. The high-frequency oscillations 
smear out the beam-electron velocity distribution func
tion [lJ. 

6. An increase of the plasma concentration leads to 
stabilization of the instabilities, namely to a decrease 
of the oscillation amplitude and to a narrowing of the 
frequency spectrum. 

7. The development of the instabilities is accompan
ied by limitation (break) of the beam current. The beam
current break is apparently due not to the onset of ano
malous resistance in the plasma, but to a decrease in 
the plasma concentration as a result of anomalous dif
fusion and diversion of the beam to the walls of the ac
celerator chamber. The plasma deviation and the 
diversion of the beam to the chamber wall depend on 
the plasma concentration, on the beam energy, on the 
type of gas, and on the inhomogeneity of the longitudinal 
magnetic field. In an inhomogeneous magnetic field, the 
diffusion of the plasma across the magnetic field and 
the diversion of the beam to the wall occur within a 
shorter time when the plasma concentration is de
creased, the beam energy is increased, and lighter 
gases are used. 

8. The beam becomes twisted into a helix as it is 
di verted to the walL It is very difficult to interpret the 
results by assuming that only one type of instability 
develops in the betatron. A distinguishing feature of the 
investigated oscillations is that their frequencies and 
increments increase with decreasing plasma concentra
tion and depend little on the type of gas. This immedi
ately eliminates, among the possible low-frequency 
instabilities, such rapidly developing instabilities as 
ion-acoustic and two-stream electron-ion (Buneman) 
instability, the limiting frequencies of which (w ~ wpi 
and W ~ wpe (m/M)I/3) and increments of which 
(Y ~ WpiU/VTe and Y ~ wpe(m/M)I/3) decrease with de
creasing plasma concentration and depend on the type 
of gas. In addition, the investigated oscillations have 
axial asymmetry and depend strongly on the inhomo
geneity of the longitudinal magnetic field, and conse
quently on the inhomogeneity of the plasma concentra-
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tion. This indicates that the cause of the beam-current 
interruption in the betatron may be current-convective 
instabilities resulting from transverse inhomogeneity 
of the beam and of the plasma (grad (n1, n)" 0). Two
stream instabilities with convective effects were con
sidered theoretically in[3,4]. The mechanism of such 
instabilities is based on the effect of convection of the 
charges in crossed fields, the azimuthal electric field 
E rp of the oscillations and the longitudinal magnetic 
field of H. For long-wave oscillations (kl« wpe /u), 
the frequency and the growth increment of the instabil
ity of a fast beam (u > wHi /kz ) are of the order of[3] 

( n, ) 'I. ( k,> M 'I. 
'I' ". W". -;; k,uwmak.L 1 + F.-;;; ) . 

Here n1 and n are the concentrations of the beam 
electrons and of the plasma, a is the characteristic 
dimension of the spatial gradient of the beam, and kl 

(1) 

= k: + k~. The dependence of the threshold beam cur
rent (jthr) on the beam energy (W) in the case of con
vective buildup is given by[S] 

(2) 

Comparing the experimental results with the theo
retical relations (1) and (2), we see that qualitatively 
the dependences of w, Y, and jthr on n, u, and H coin
cides with the dependences given by relations (1) and 
(2). However, the experimentally obtained values of W 

and Yare larger by more than one order of magnitude 
than the values obtained from (1) (n1/n ~ 5 x 10-2, kz 
~ 10-2, H ~ 2000 Oe, kl ~ l/a, u ~ 8 X 109 cm/sec). 
In addition, according to (1), the frequency and incre
ment of the oscillations depend strongly on the type of 
gas. In the experiment, on the other hand, the depend
ence of these quantities on the type of gas is very weak. 
Therefore, in spite of the presence of a number of 
effects that indicate that current-convective instability 
develops in experiment, it is impossible to attribute the 
interruption of the beam current to only this one insta
bility. Unfortunately, the theory of two-stream insta
bility with convecti ve effects has not been sufficiently 
fully developed. In particular, not enough attention has 
been paid to instabilities in three-component systems 
(n » n1). Furthermore, the inhomogeneities of the 
longitudinal magnetic fie ld of the betatron (up to 20%) 
obviously lead to additional effects that complicate the 
interpretation of the results. 

Besides current-convective buildup of oscillations, 
the beam can give rise to helical-wave instability in 
the betatron[6,7]. Such an instability is produced in a 
dense plasma (wpe » wWHe). The oscillation frequen
cies, which lie in the interval wHi « W « wHe, are 
given by 

(3 ) 

where e is the angle between the direction of wave 
propagation and the magnetic field. Since the phase 
velOCity of these oscillations w/k« c, they can inter
act effectively with an electron beam passing through 
the plasma. For a cold plasma and a cold beam, the 

428 SOy. Phys.·JETP, Vol. 37, No.3, September 1973 

growth increment of the oscillations, for the case 
W ~ kzu takes the form[6] 

.l = 13 ( w"kc sin () )'1,. (4) 
co 2l/3 {t)pe z 

Here w1e = (47fe1t1/m)1/2 is the electron frequency of 
the beam. It is seen from relations (3) and (4), that both 
of the frequencies and the increments of the oscillations 
increase with decreasing plasma concentration and with 
increasing magnetic field (this is indeed observed in 
experiment), and do not depend on the type of gas. In 
addition, the condition wpe » wWHe is satisfied in the 
experiment. Therefore buildup of helical waves in a 
betatron is apparently possible. However, the fact that 
the beam excites purely electronic oscillations does not 
explain the experimentally observed dependence of the 
anomalous plasma diffusion and of the time of beam
current interruption on the type of gas. Indeed, it is 
obvious that several instabilities develop simultane
ously in the experiment, and it is impossible to sepa
rate them from one another at the present stage of the 
research. Oscillations of this type, which do not depend 
on the ion mass, are apparently observed also in a 
straight discharge [8]. 

To explain the picture of the phenomena in the beta
tron, we shall eliminate the existing inhomogeneities of 
the longitudinal magnetic field and investigate in 
greater detail the spatial characteristics of the oscilla
tions. 

In conclUSion, the authors thank Y. A. Fainberg for 
a discussion of the results. 
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