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INTRODUCTION

The mechanism of nortneutral electron plasma
accumulation and confinement during injection of
widely spread in longitudinal velocity electron beam
into a drift tube in a strong uniform magnetic field was
studied experimentally. The properties and the
formation of collective electron trap for electron beam
that propagates in conducting cylinder are described in
this paper. It is shown that the electron beam provides
the development of an instability in the above
mentioned conditions. The instability leads to the
formation of electric potential trap. The trap captures
electrons during the formation and keeps them inside
the drift tube.

EXPERIMENTAL RESULTS

A detiled describtion of the experimental setup is
givenin[6].

In this section we present experimental results on

the buildup and confinement of electrons during
injection of a beam with a velocity spread. The beam
operated in the pulsed mode with a current pulse length
of 0.1- 100 ms.
In the experiments performed, special attention was
devoted to analyzing the ion background influence, the
background having being by beam electron ionizing the
residual gas.In our experiments this influence of ion
background with ionizing the residua gas by beam
electrons was not essential.
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Fig.1 The dependence of the current lgx versus lent

for the pulsed beam Ug=50B,t - pulseduration, T -

time between the pulse 1-t=400 s, O=800 s, 2 -
t=400 s, O=2.8is
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In Fig.1 there are depicted the dependence of the
current passed through the drift space lex versus the
current at the entrance lent When the voltage at the

electron gun cathode is U=-50V. It is seen from Fig.2
that with lent increasing the movement along the curve
1 from the point 0 to point B is accomplished along its
lower branch. When legnt decreases, the movement
along the curve from B to O is along its upper branch.
Thus, curve 1 exhibits a hysteresis on lgx versus lent
dependence which, however, is opposite in nature to the
well-known similar hysteresis dependence for the
monoenergetic beam and the beam having a strong
spread over longitudinal velocities [1]when they work
in the stationary regime. Meanwhile, in curve 2 on
Fig.1 the hysteresis in lgx versus lent dependence is
absent. Curve 2 differs from curve 1 in this figure only
in the delay time between two subsequent periodic
current pulses. Thistime is 3.5 times larger in curve 2
as compared with curve 1. The different behaviour of
curves 1 and 2 in Fig.1 points to the presence of the
noticeable volume charge in the drift space even after
switching off of the beam injection pulse. Indeed, only
the presence of trapped €lectrons which drift
comparatively long time in the magnetic field and the
effect of which is essential 400 s after the injection
pulse ended may explain the reverse hysteresis on lgx
versus lent dependence, curve 1 in Fig.1 When the
beam of 400 s duration with 400 s pause between
pulses is injected, the drift space has no time to free
itself from the space charge accumulated during the
previous currente pulse.

Figure 2 shows oscilloscope traces of the current
pulse lent on the entrance grid (1) and of the currents |,
and I, on the p-electrodes for various beam pulse
lengths (2-7). It is clear that when the constant current
(trace 1) is injected into the drift space of the beam,
except for a negative current pulse at the time of
injection, the induced periodic signal is detected on the
p-€lectrodes both while the pulseis being injected and
afterward (traces 2, 3, 6, 7). The periodic current
oscillations which are symmetric with respect to the
mean value during the injection of the pulse and are
symmetric about zero after the pulse is finished, arise
due to the periodic polarization of the p-electrodes by
space charge. It can also be seen that during injection
the periodic oscillations do not develop right behind
the leading edge, but after a time t . Thistime delay
depends on the value lgnt Of the injected current, the
magnetic field H, and the beam energy u, and has a
scale of ns. The oscillations detected by the p-
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electrodes have the following properties. low
frequency oscillations of the current I, and I, are
always excited simultaneously but 180° out of phase
with one another; the frequency of these oscillations
wy is aways larger during the pulse than the
oscillations frequency of the “tail” which breaks up
after shuts off; and the minimum injection pulse length
Tmin @ which oscillations of the “tail” are observed is
equal to the delay timet, i, e, we have Tmin Ot (traces 4
and 5) . When the current pulse length T increases, the
tail and oscillation frequencies in it last for a longer
time. At some value T=Tnax Observe stabilization of tal
, Which means that increasing the temperature, T>Tmax ,
does not increase the frequency or the overall duration
of the oscillations. The oscillation frequency wy is
inversely proportional to the magnetic field strength
when the latter varies over the range H=100-1500 G.
As the tail decays its oscillation frequency wy dways
decreases. It is especially noteworthy that low
frequency oscillations wy are excited under conditions
such that high-frequency density and potentia
fluctuations in the range of the frequencies wpe and Whe
nonneutral particles oscillations in the drive space have
diocotrone nature.

Fig.2. Oscilloscope traces of the current leyr at the
entrance grid (1) and of the currents 1, and I, on the
p-electrodes for an injection current pulse of length
T=0.37 ms (2,3), T=0.1 ms (4,5), T= ms with a scale
of 0.05 ms/ div (6, 7). For traces 1 -5the scaleis0.1
ms/div. The sensitivity on the ordinate is 510
A/div (1) and 2x10 " ° A/div (2-7).

Figure 3 shows oscilloscope traces of oscillations
of the accumulated nonneutral plasma, detected by the
p-€lectrodes when the auxiliary beam acts on it. The
pulse length of the auxiliary beam is shorter by a factor
of five than that of the main beam and is equal to
250ms. This pulse length was chosen for the auxiliary
beam with the idea of avoiding any buildup of electrons
in the drift tube when no particles are present after the
accumulated electrons have disappeared. Oscilloscope
traces 1 and 2 of Fig. 3 show that these conditions have
been satisfied. It is evident that when the onset of the

auxiliary beam is delayed by t=1.6 ms relative to the
end of the main beams the drift tube succeeds in getting
rid of the accumulated plasma , and the p-electrodes
detect almost identical damped oscillation “tails’ in
the 1=1 mode, 180° out of phase. A small part of the
auxiliary beam current (two pulses of negative polarity)
is collected by them. When the delay is reduced to
t=1.2 ms (Fig. 4 , trace 3) , we see that the auxiliary
beam has a substantid effect on the accumulated
plasma. The most important thing is that the tail of the
oscillations is extended to 1.9 ms, which is 0.5 ms
longer than in the case shown by traces 1 and 2 in Fig.
3. It is dso clear that the waves are damped while the
beam is being injected over atime corresponding to 4-
5 oscillations of the 1=1 mode. At the same time the
oscillation frequency increases by 20-25%. As the
delay time t decreases (trace 4 and 5 in Fig. 2) the
wave damping time increases: now it amounts to 2-3
periods of the 1=1 mode, while the duration of the
oscillatory tail with adelay of t=0.2 msisabout 0.2 ms
longer for trace 5 than for traces 1 and 2. Thus,
injecting the auxiliary beam increases the lifetime of
the accumulated plasma and also dows down the rate at
which the precession of the collection of electrons
about its axis of symmetry damps away .

Fig. 3. Oscilloscope traces of the currents I, and I,
(traces 1 and 2) and the current |, (3-5) on the p-
electrodes when the auxiliary beam isinjected with a
delay relative to the termination of the current pulse
of the main beam given by: 1,2) t =1.6 ms, 3t =1.2
ms; 4) t = 0.5 ms; 5) t =0.2 ms. The sweep rate was
0.2 ms/div and the sensitivity was 0.01 V/div.

Spatial distributions of potential in the direction of
movement of particles aong magnetic field are
presented in Fig.4 The distributions were taken with the
Langmuir's probe, the probe being under floating
potential.

The beam current beinglg £ 1 »15mMA,

distribution of potential in longitudina direction has
typical form for velocity spread electron beams [2] —
distribution of “bell” type (curve 1). Such a potentia
distribution leads to accelerated extractions of
electrons from the drive space caused by electric fields
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of the spatial charge of beam. Radia localization of
direct and reverse flows of electrons in the drive space

coincide. The beam current being increased 153 I,

the form of potential in the drive space essentialy
changes with formation of a potentia pit for electrons
in the drive space center (curve 2).
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Fig.4. Spatial distribution of potential in
longitudinal direction, the beam current being equal
to 10 mA (curve 1), 17 mA (curve 2), and amplitude of
diocotron oscillation (curve 3), B=1 kGs, Ug = 30V,
t=1ms

Transformation of potential distribution in
longitudinal direction is accompanied by excitation of
the oscillations of beam density, which have been
identified in [3] asthe diocotron oscillations with | =1
mode. In Fig. 4 the distributions of diocotron
oscillations in the drive space are presented that
correlate with the spatial localization of the potential
pit (curve 3).

DISCUSSION

Thus we come to the conclusion that when electron
beam with a large velaocity spread is injected, the long
life time electrons are accumulated in the drift space
located in the magnetic field, the density of which
being noticeable fraction of the electron density of the
injected beam. The obtained results on accumulation
and confinement of electrons may be explained if the
dissipative force is included in the balance of forces
acting on a single electron along with the electrostatic
force due to the deep of the electrostatic potential and
the lorentz force.

During the diocotron instability evolution the
spatid charge redistribution takes place in the beam
cross-section which is connected, probably, with drift
of electrons in longitudinal magnetic field, radial, and
azimuthal electric fields of the diocotron wave. This
process accompanied not only by azimuthal
redistribution of the beam density, but by radial transfer
of electrons across magnetic field, that leads to
increase of the radial beam dimensions and to gjection
of electrons on the drift chamber walls. This
phenomenon is pronounced in the central region of the
drive space where the amplitude of diocotron

oscillations is maximum. The variations of radial beam
dimensions, and, hence, the spatid charge
redistribution in longitudinal direction leads to
corresponding variation of longitudinal dstribution of
electric potential, and appearance of self-consistent
field of “potential pit” type in central region of the
drive space. The distribution of stationary fields plays
the role of an electromagnetic trap for of electrons
localized in this part of the drift chamber. Such a self-
consistent configuration of particles and fieldsisrather
long-living, because with the beams current being
Ig £20mMA the lifetime of the trapped particles

exceeds the electron transit time through the drive
spacein 4 - 5 orders, and reaches10-20 ms.
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