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Results of computer simulation of low-energy high-current electron beam generation in a low-impedance system
show that high-current beams shape in paramagnetic states. Low-impedance system consists of a diode with a long
plasma anode, just siding with an explosive emission cathode and an auxiliary thermionic cathode. The long plasma
anode plays simultaneoudly the role of the transport channel providing charge neutraisation of high-current beam.
Usually, a beam in an external magnetic field behaves as a diamagnetic and forces the magnetic field out of its volume.
Earlier it was shown that for some systems it is possible to realise conditions under which the magnetic field is
increased inside the volume occupied by the beam. It is accompanied by considerable increase of the magnetic field as
compared as external field. The behaviour of beam-plasma system is discussed under different conditions. Computer
simulation was performed using PIC code KARAT. Work supported by RFBR under grant 05-02-16442.
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1. INTRODUCTION

Plasma-filled diodes with explosive cathodes are used
for the generation of high-current low-energy eectron
beams for surface modification [1 - 3]. The main idea of
high-current beam generation is based on the origin of a
thin double-layer between a cathode and adjoined anode
plasma just after the beginning of accelerating voltage
pulse. The full voltage is localised across this layer
making possible the beginning of the explosive emission
from a cathode surface. The plasma serves as the “liquid”
anode preventing the system from coll apses of impedance
from one side and as the channd to guide a high-current
beam from another side making sure charge neutralisation
of the beam and its transport to a target. In our
experiments to create well-defined plasma channel we use
aresidual gasionisaion by additional pulsed low-energy,
low-current electron beam guided by longitudina
magnetic field [2 - 3].

2. SOME PECUILARITIESOF BEAM-
PLASMA DYNAMICS

Generation and transportation of low-energy high-
current beams in such system is conditioned by several
peculiarities: exceeding Alfven's limiting current,
prevalence of transverse dynamics of beam electrons,
different time scales and multistage of processes, and
comparable density of the plasma and generated electron
beam. Behaviour and the main characteristics of the beam
depend on the externa magnetic field. The system as a
whole can be characterised as multi-component one with
alternating number of particles and can’t be described by
regular theoretical methods.

Results of computer simulation of plasma anode
formation in residua gas by an auxiliary electron beam
and the generation of high-current beams was described in
[3]. Diameter of the explosive emission cathode was
chosen equals to 1 cm. At initial time the plasma column
of the same diameter along the system fills completely
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gpace in longitudina direction between explosive
emission cathode and anode placed instead of auxiliary
gun. The densty of plasma is homogeneously distributed
along longitudinal z and radial r co-ordinates and was
varied from 17102 cm® up to 77102 cm?®. Initia
temperature of the plasma was changed from severa to
tens electronvalts. Applied voltage has the given form. It
rose up to 20 kV for different time (1, 5, 10 ns) and was
constant further. Output of electrons was permitted from
the field-emission cathode and surfaces into plasma if
accelerating field exceeds a given value. Calculations
were performed for hydrogen, nitrogen and Xxenon
plasmas for different values of externa longitudina
magnetic field and for two different length of the plasma
diode (2 and 10 cm).

2.1. INFLUENCE OF EXTERNAL MAGNETIC
FIELD

Calculations were carried out for different levels of
external magnetic field: 0, 500 and 5000 Gs. The behavior
of the beam does not differ significantly for the first two
cases and for diodes of different length excepting the
duration of the beam current. In small magnetic fields
pinched state of the beam-plasma system is formed very
likes to Bennett's pinch. Beam eectrons force plasma
electrons out to electrodes in longitudinal direction, beam
electrons are pinched to the axis of the system by self
magnetic field exceeding significantly external one, and
near axis ion pivot is formed. Such metastable state of
beam-plasma system exists for 10...20 nanoseconds and
further it goesto annular configuration of plasmaions and
electron beam and emission of eectrons from central area
of the cathode is depressed. Fig. 1 shows radia
distributions of beam electrons and plasma ions densties
in pinched gtate for short diode and for external magnetic
fidld B=0 and initial plasma density is 7x10*® cm®
(pressure of xenon 2x10° Tor). A half of the beam current
reaches the anode electrode out of the marked area of the
collector of 1 cm diameter.
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Fig.1. Radial distributions of beam electrons (upper part)
and plasma ions (bottom part) in pinched state of beam+

plasma system at different position along the sysem
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Fig.2. Trajectories of several beam electronsin pinched

state

Corresponding trgjectories of several beam eectrons
emitted from the field-emission cathode are shown in
Fig. 2 for 2 ns time interval. The current of the beam at
the moment is about 10 kA.

If externa magnetic field is high enough to prevent
beam electrons from focusing to the axis of the system
then pinched stateis not reached at dl. Plasmaions leave
pre-axis area under influence of self space charge and
annular distributions of beam electrons and plasma ions
are formed. Such date dowly expanding in radia
direction with decreasing beam current can exist for tens
nanoseconds. Radia densties distributions of beam
electrons and plasma ions for B = 5 kGs are shown in
Fig. 3. Results are given for long diode and initia plasma
density of 7x10™ cm’.
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Fig.3. Radial distributions of beam electrons (upper part)
and plasma ions (bottom part) in annular state of beam-
plasma system at different position along the sysem

2.2. PARAMAGNETIC STATESOF THE BEAMS

Usually, abeam in an external magnetic field behaves
as a diamagnetic and forces the magnetic field out of its
volume. In [4, 5] it was shown that for some systems, e.g.
for inverted coaxia magnetic isolation diodes, it is
possible to realise conditions under which the magnetic
field is forced out inside the volume occupied by the
beam and is increased considerable as compared as
externa field. About similar situation is redised in the
beam-plasma system under consideration. In this case the
role of the internal electrode plays near axis ion pivat.
The reasons of the creation just of paramagnetic state of
the beam are not clear enough. It can be assumed that the
main role plays fast forced escape of plasma electrons to
the electrodes and exceeding of Alfven's limit. As the
result a“clear” system consisting of slow plasmaions and
fast beam electrons is formed. This system has many
commons with so-called coupling state in moving quasi-
neutral medium [6] and can be considered as polarised
one.

The degree of magnetic field amplification depends
on the value of the externa magnetic field, plasma
density, rise time of applied voltage and transverse
dimensions of the system. In high external magnetic field
the amplification is small. Fg. 4 shows longitudina
distribution of complete longitudina field at different
radii. Naturally, the field reaches its maximum value on
the axis of the system. For the case of external field
B = 5 kGs magnetic field on the axis exceeds 12 kGs.



In low magnetic fields the amplification of the field
can exceed 20. No specia attempts to find conditions of
maximum amplification were done. The example of field
' i amplification for low magnetic field is shown in Fig. 5.
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IMAPAMATHUTHBIE COCTOSIHUSA CUJIBHOTOYHBIX 3JIEKTPOHHBIX ITYYKOB B ITYYKOBO-
IJIASMEHHOM CUCTEME

A.B. Azacponos, B.I1. Tapaxanos

B mporiecce YHCICHHOr0 MOAETMPOBAHMUSI TeHEPALMH U TPAHCIIOPTUPOBKH HU3KOIHEPIUUHBIX CHIIBHOTOYHBIX
SIIEKTPOHHBIX ITyYKOB B HU3KOMMITCIAHCHO IUIa3MEHHOM CHCTEME MOKa3aHo, YTO JICKTPOHHbIC MyYKH (OPMUPYIOTCS
B MMApaMarHUTHOM COCTOSIHMU. HU3KOMMITENAHCHAS CHCTEMa BKIIOYAeT B ce0sl AMO C MPOTSHKCHHBIM ILIA3MEHHBIM
AHOJIOM, BIUIOTHYIO IPHJICTAIOMIUM K B3PBIBOIMUCCHOHHOMY KaTOJy, M BCIIOMOTATEIIbHBIA TEPMOKATOM UISI CO3MAaHHs
NPOTSDKEHHOrO IUIa3MEeHHOro aHoxa. OOBIYHO, BO BHENIHEM MAarHUTHOM IIOJie IIyYOK BeIeT ce0sl KaK JIHaMarHeTHK,
BBITECHSISI MATHUTHOE TIOJIC HAPY)KY U3 CBOero oObema. Panee ObLIO MOKAa3aHO, YTO B HEKOTOPBIX CHCTEMAaX MOMKHO
peanu30BaTh BBHITCCHEHHE MATHUTHOTO IIOJST HE HapyXy, a BHYTpb 00bEMa, 3aHATOrO MyYKOM, YTO COIPOBOYKIACTCS
CYILIECTBCHHBIM yBEIMYCHHEM IOJIS 10 CPABHEHHUIO C BHEIIHMM. [IpUBEICHBI PE3yIbTAThl pacueTa THHAMUKH IIydIKa W
IUTa3MBI [IPH PA3IHIHBIX YCIOBHAX. YHCICHHOE MOACIHPOBAHHKE IIPOBEACHO C IIOMOIIBI0 AnnekTpomarautHoro PIC koma
KAPAT. Pa6ota Beimonuena npu noaaepkke POOU o rpanty 05-02-16442.

ITAPAMATHITHI CTAHU NOTY>KHOCTPYMOBUX EJIEKTPOHHHUX ITYUYKIB
Y IYUYKOBO-IIJIA3MOBII CUCTEMI

O.B. Azaghonos, B.I11. Tapakanos

VY mporeci YMCensHOro MOJENIOBAaHHS T€HEPAIlil 1 TPaHCIIOPTYBaHHS HU3BKOCHEPTIHHNX MOTY)KHOCTPYMOBHX
€JeKTPOHHUX IYYKiB Y HU3BKOIMIIEJAHCHIN IDIa3MOBIf CHCTeMi TMOKa3aHO, IIO EIEKTPOHHI Mydkd (POpMYIOThCS B
mapaMarHiTHOMY cTaHi. HH3bpKOIMIIeIaHCHAa CHCTeMa MICTHUTH Y cO01 Hiofx i3 MPOTSHKHUM IUIA3MOBHM aHOJIOM, IO
BIIPUTYJ IPWIIATAE IO BUOYXOEMICIHHOTO KaTo/a, i JOMOMIKHUA TEPMOKATOA ISl CTBOPEHHSI IIPOTSHKHOTO TIA3MOBOTO
aHoja. 3BMYAHO, Y 30BHIITHPOMY MAarHITHOMY ITOJIi ITy4OK MOBOAMTRCS SK JiaMarHETHK, BUTICHSAIOYA MarHITHE IT0JIe
HA30BHI 31 cBoro o0csry. Panime Oyno moka3aHo, M0 B JESIKUX CHCTEMaX MOXKHA pealli3yBaTH BUTUCHEHHS MarHITHOTO
MOJIsl HE HA30BHI, a ycepeAnHY 00CATY, 3aWHATOTO ITYYKOM, IO CYNPOBOMKYETHCS ICTOTHUM 301TBIIICHHSIM ITONS B
MOpiBHAHHI 3 30BHIMHIM. [IpuBeneHo pe3ynbTaTH pPO3PaXYHKY OUHAMIKH ITydKa 1 IUTa3MH TPU PI3HUX YMOBaX.
YucenpHe MOJICIIOBAHHS NpoBeacHe 3a jgoromororo enektpomarHitHoro PIC kogy KAPAT. PoGorta BukoHaHa 3a
niarpumko PO®I no rpanty 05-02-16442.
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