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Coherent structures and conditions of their occurrence in holding configurations have recently attracted
the attention of many physicists working on nuclear fusion and nonlinear processes in plasma. Here we discuss
the mechanisms of cooling of the electron plasma seized in the self-consistent electromagnetic trap.

PACS: 52.27.Jt

INTRODUCTION

The mechanism of the trapped electron cooling,
during their drift in the dynamic trap, is investigated
experimentally and theoretically. The particle
separation by velocities occurs both at the stage of
trapping and during the confinement of electrons by
the electric and magnetic fields. At the stage of
trapping, the mechanism of the electron separation by
the energy depends on the value of the potential
barrier. For the trapped particles drifting in crossed
electrical and magnetic fields for a long time the
cooling is achieved due to the diffusion of the fast
particles on the wall of the drift chamber. Thus
optimization of the electron beam arrangement in
relation to the wall of the drift chamber is necessary.
Interestingly the instabilities that develop in the
drifting stream of the non-neutral? particles promote
increase of the diffusion across the magnetic field.

We previously described the experimental data and
mathematical models of formation? of a self-
consistent traps such as Malmberg — Penning traps
[1,2].

EXPERIMENTAL RESULTS

The experimental setup is described in [3]. The
breakdown of the current transported through the drift
space of a 'hot' beam was observed when the current
had exceeded some threshold value [4]. The output of
particles was observed during the pulse of injection
with occurrence of sagging of the potential in the drift
space of the non-neutral? particles. The stream of
electrons flowing through the drift space is strongly
heterogeneous?? by the velocity and the cross-section
drift radius (with the account of Larmor radius) is
proportional to the energy of the particles. In this case
the fastest particles contact the conducting holding
wall the first. Loss of fast particles from the holding
configuration is equivalent to the group cooling of the
confined particles.

We investigated the dependence of particles
lifetime after the end of the pulse of injection, ,”time

of afterglow”, on the injection conditions, presence of
instabilities and their amplitudes down to a nonlinear
progress stage.

In Fig.1 the dependence of the particles lifetime on the
distance between the stream and the walls of drift
chamber is presented. The distance was varied by
changing the value of the holding magnetic field, the
distance was measured by lateral Langmuir probe moving
in a radial direction. Figure shows, that there is an
optimal distance from walls of the drift chamber for
maximal lifetime of the particles in the mode of
"afterglow".
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Fig. 1. Dependence of the particles lifetime on the beam
radius in the drift tube
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Fig. 2. Dependence of the particles lifetime on the value
of the diocotron oscillations amplitude
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The family of dependences of the particles lifetime on
the amplitude of the diocotron oscillations (that
always accompany the flow of the particles through
the drift space) is given in Fig. 2. These oscillations
had coherent character and were concentrated in the
confinement area. The lifetime value of 10 ms
undertakes as calibrate time, and the absolute lifetime
can be significantly larger.

Dependence of the particles lifetimes on the injection
pulse duration value is presented in Fig. 3. The figure
shows that the loss of energy by particles begins at
pulse duration not less ~ 500 ps (as well as coherent
diocotron oscillations) and increases with duration of
the pulse of injection up to saturation at duration ~1.2
ms.
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Fig. 3. Dependence of the particle lifetime on the
injection pulse duration

In Fig. 4, the dependence of the particles lifetime

of the diocotron oscillations and its frequency is
given. The particles lifetime in the mode of
"afterglow" grows with growth of modulation
parameters (frequency, amplitude) until the transition
of the oscillations into a stochastic mode.
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Fig. 4. Dependence of the particles lifetime on the
diocotron oscillations modulation amplitude and

frequency

This emission is followed by throwing of the beam on
smaller radius of drift. In Fig. 5, the distribution
functions f(U) are presented for the injected beam that
past in the drift interval are submitted curve - 70 cm.
The figure shows, that, in the space of drift, strongly
heterogeneous by velocity??? electron beam have
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variation in the longitudinal speed ,d??V comparable with
drift speed, Vg is injected. The ratio V/V4 measured on
half height of ordinate f(U) for curve 1 is :V/V4=0.8.
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Fig. 5. Transformation of the particles distribution on
velocity function (with particles cooling)

The beam that has passed through the drift space remains
scattered and the number of particles with low velocities
increases. Thus, the transformation of distribution
function takes place, which corresponds to localization of
the self- consistent electromagnetic trap in the drift space
and to the conditions of such trap occurrence.

FALL ON THE WALL OR SHIFT TO THE
AXIS IN DEPENDENCE ON THE PHASE OF
THE EXCITED FIELD

For the description of the electron dynamics we use
the equations
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First two members?? in the right part of (12) describe
periodic electron fluctuations in the field of the

quasistationary vortex § V(l ], and the third member
describes the radial electron fall on a cylindrical wall
and their shift to the axis § J/2 J
1
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Since at diocotron instability the parameter a)L is

He
not small, the radial electron separation is essential.
Thus, as the angular moment is proportional to P,
according to the balance of the moments of the pulses at
fall on a wall of an electron part the other electron are
shifted to the axis.

CONCLUSIONS

Electrons cool due to the emission of the fastest
particles on the drift chamber wall.

Accumulation of
particles on walls can occur during drift of the non

neutral?? plasma in the crossed fields, and due to the
development of instability based on the particles drift
(diocotron instability). This results in redistribution of
particles by radius and by azimuth in the space of drift.

At a nonlinear stage diocotron instability, there is most
active emission of fast particles in radial direction with
the loss of temperature of the particles remaining in a
trap.
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CEINAPALIUA I1O CKOPOCTSAM YACTHL,
3AXBAUYEHHBIX B CAMOCOI'TACOBAHHYIO JIOBYHIKY MAJIMBEPT A-ITEHHUHT A

U.K. Tapacos, B.H. Macnos, M.U. Tapacos, E./]. Bonkos

KorepeHTHBIE CTPYKTYpBl M YCIOBHA MX BO3HHUKHOBEHHUS B yJCP)KMBAIOIICH KOH(UTypanuu B TMOCIETHEE
BpeMsl TPUBJIEKIM BHUMaHWE (HU3UKOB pPaOOTAIOMMX B OOJIACTH HCCIENOBaHMS TEPMOSAEPHOIO CHHTE3a M

HEJIMHEHHBIX mpoueccoB B IUIasMe.

PaccmoTpeHsl  pe3ynbTaThl

I/ICCJ'IG,HOBEIHI/Iﬁ MCXAaHHU3MOB OXJIAXACHUA

3JIEKTPOHHOM IJ1a3MBl, 3aXBaUYCHHON B CAMOCOITIaCOBAHHYIO YJIEKTPOMArHUTHYIO JIOBYIILKY.

CEINAPALIA ITO LIBUAKOCTAX YACTOK,
3AXOIUVIEHUX Y CAMOY3I'OJKEHY ITACTKY MAJIMBEPT A-ITEHHIHT A

LK. Tapacos, B.1. Macnos, M.1. Tapacos, €./]. Bonkog

KorepentHi cTpykTypu i yMOBM iX BUHMKHEHHS B yTpUMYIOUili KOH(]Iryparii ocTaHHIM 4acoM 3BEpHYJH Ha
cebe yBary (i3uKiB, MpaLIOYUX B 00JACTI JOCTIDKEHHS TEPMOSAEPHOTO CHUHTE3y Ta HENUIIHHHMX IPOLECiB y
wiazmi. Po3rnissHyTO pesynbTaTé JOCHIPKEHb MEXaHI3MIB OXOJIO/DKCHHS E€JEKTPOHHOI IIa3MH, 3aXOIUIEHOI Y

CaMOY3TO/XKEHY IaCTKY.

42



Tl'ocnona, BeI mepeuntsiBaete nepeon? He 3abbBaiite, uto on JJOJDKEH nmers CMBICII cam mo cebe, T.€. 6e3
pYyCCKoOii BepcuH, nHade 3aueM BooOIie uyTo-To nepeBoauth? Baxen Bens BOKI'PAYH]I monenu, a He ypbl.
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