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Results of computer simulation of low-energy high-current electron beam generation in a low-impedance system
consisting of plasma-filled diode with a long plasma anode, an auxiliary thermionic cathode, and an explosive
emission cathode are given. The auxiliary cathode is used to form the long plasma anode by means of residual gas
ionization by a low-current low-voltage electron beam (currents of amperes, voltage of hundred volts) in an external
longitudinal magnetic field. The high-current low-energy electron beam (currents of tens kA, voltage of tens kV) is
generated from the explosive emission cathode embedded in prepared plasma. The long plasma anode presents
simultaneously a transport channel providing charge neutralization of high-current beam. Computer simulation is
performed using PIC code KARAT for different geometry and position of auxiliary cathode. Computer results are

compared with experimental data. Work supported by RFBR under grant 05-02-16442.
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1. INTRODUCTION

Plasma-filled diodes with explosive cathodes have
been proposed and shown its effectiveness to generate
high-current low-energy electron beams of microsecond
duration are of importance for surface modification
[1-6]. However, theoretical analysis of a complicated
beam-plasma system under condition of low voltage and
high current of the beam is difficult. Existed idea is
based on an origin of thin double-layer between cathode
and anode plasma just after the beginning of accelerat-
ing voltage pulse. The full voltage applied is localized
in this layer making possible the beginning of the explo-
sive emission from the cathode surface. The length of
accelerating gap is about plasma skin depth and exceeds
considerably the Debay length at initial time until elec-
tron plasma temperature considerably increases. Plasma
serves as a “liquid” anode preventing the system from
collapses of impedance on the one hand and as a chan-
nel to guide a high-current beam on the other hand pro-
viding a charge and/or current neutralization of the
beam and its transport to a target. A location of the gap
at the next moment is uncertain because of the motion
of cathode explosive plasma that has a considerable
density gradient and changes its ionization degree under
influence of the generated beam.

The system as a whole can be characterized as a
multi-component system with alternating number of
particles and cannot be described by regular theoretical
methods. The main difficulties of its theoretical descrip-
tion are due to multistage of processes (creation of a
plasma column by one of the various methods and then
utilization of plasma as an anode) and comparable plas-
ma and generated electron beam densities. The latter
does not allow considering a beam influence on plasma
due to small perturbations. Therefore, computer simula-
tion was used to describe the physical processes.

In our experiments to create a well-defined plasma
channel we use a residual gas ionization by an addition-
al pulsed low-energy (~300 eV), low-current (~1...3 A)
electron beam guided by a 200...300 G magnetic field.
The beam with maximum current of 11.5 kA was gener-
ated under voltage 20 kV in system schematically
shown in Fig.1 [7-10].
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Fig.1. Schematic diagram of the experimental setup:

1 - input isolator of high-current diode, 2 — cathode
stem; 3 — cathode of high-current diode; 4 - thermo-
cathode of low-current beam; 5 — vacuum chamber with
solenoid

2. COMPUTER SIMULATION OF HIGH-
CURRENT BEAM GENERATON
IN PLASMA FILLED DIODE

Formation of the plasma anode in residual gas by an
auxiliary electron beam was calculated as the first step
in comparison of numerical and experimental data in-
cluding plasma density distribution and behavior of the
auxiliary beam current reaching the collector. Calculat-
ed and measured shapes of the current pulse and plasma
parameters have shown a well agreement. These results
are omitted here.

Generation of high-current beam was investigated
on a smaller model of the setup. We considered the half
of the setup located between high-current and low-cur-
rent cathodes. Diameter of explosive emission cathode
was chosen to be 1 cm (2 times lesser). At initial time
the plasma column had the same diameter and com-
pletely filled the space in longitudinal direction between
the explosive emission cathode and anode placed in-
stead of an auxiliary gun. The plasma density was ho-
mogeneously distributed along longitudinal z and radial
r coordinates. Presented below are the results for plasma
density 3.5%10" cm™. Initial temperature of plasma var-
ied from several to tens electronvolts. The voltage had
the given shape. It rose up to 20 kV during 10 ns and
then remained constant. If the accelerating field exceeds
some given value, electrons could be emitted from the
cathode and anode surface into the plasma. Calculations
were performed for hydrogen, nitrogen, and xenon plas-
mas at different values of the external longitudinal mag-
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netic field and two different lengths of the plasma diode
(2 and 10 cm). Fig.2 shows the geometry under consid-
eration with plasma column at initial time.
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Fig.2. Configuration of the diode with plasma anode
2.1. SMALL-LENGTH DIODE

To estimate the scale of the current and the influ-
ence of external magnetic field and plasma composition
we performed series calculation for a diode of smaller
length (2 cm instead of 10 cm shown in Fig.2). Fig.3
(upper part) shows the behavior of the number of plas-
ma ions (i) and electrons (e) and beam electrons (b) in-
side the diode for the case of hydrogen plasma and mag-
netic field of 500 G. Corresponding currents on the an-
ode surface of 1 cm diameter are shown in bottom part.
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Fig.3. Dynamics of particles number and particle cur-
rents for the case of hydrogen plasma

Maximum beam current reaches about 1.5 kA and
plasma electron current has about the same value, i.e.
the total peak current equals to 3 kA. Energy spectra of
both electron components are broad. Energy is distribut-
ed from small energy to energy exceeded an applied
voltage by several times. Time duration of beam current
is small because of fast departure of light ions to elec-
trodes and decrease of the accelerating field within
widening gap. Magnetic field increase up to 5 kG allows
obtaining a slightly larger beam current of about the
same duration because ion longitudinal motion starts to
play a major role.

The choice of a heavier gas (e.g. Xe) considerably
improves both the beam current duration and the current
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amplitude. Results for the case of Xe at the same mag-
netic field of 500 G are shown in Fig.4.
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Fig.4. Dynamics of particles number and particle cur-
rents for the case of Xe plasma

2.2. FULL-LENGTH DIODE

A full-length diode (Fig.2) has the plasma anode
length of 10 cm. Calculation results obtained for the
case of hydrogen plasma at the magnetic field of 5 kG
are shown in Figs.5,6.
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Fig.5. Dynamics of particle currents in full-length diode
for the case of hydrogen plasma

The beam behavior in the full-length diode did not
differ much if compared with the small length diode
case. The only parameter that was changed significantly
is the beam current duration. It increased by several
times (up to 60 ns). However, the peak current of the
beam remained at about the same level.
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Fig.6. Transverse distribution of ion density

As noted above, the main reason is the small accel-
erating field in the gap filled by light ions. Moreover,
transverse beam dynamics starts influence the beam
propagation within the plasma channel as the beam cur-
rent becomes comparable with the Alfven’s limiting
current. A half of the beam current reaches the anode
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TEHEPALIUS SJIEKTPOHHOI'O ITYUKA B HU3KOMMIIEJAHCHOM CUCTEME
A.B. Azaghonos

IIpuBeneHsl pe3ynabTaThl YHCIEHHBIX AKCIHEPHUMEHTOB IO TEHEPAlMH HU3KO’HEPTeTHYHOIO CHIBHOTOYHOTO
9JIEKTPOHHOTO ITyYKa B HU3KOMMIIEJAHCHOM CHCTEME, BKIIOYAIOmeil B cebs IUTa3MOHAINIOIHEHHBIH IHOI C
MPOTSHKEHHBIM  IUTA3MCHHBIM ~ aHOJOM, BCIOMOTATENBHBIA TEPMOKATON ¥  B3PHIBOIMHCCHOHHBIA  KaToIl.
C1ab0TOYHBIH, HU3KOBOJIGTHBIM ITyYOK OT BCIIOMOIaTEIbHOIO KaTOZd, HaXOAALIMHCS BO BHELIHEM IPOAOJIHLHOM
MarHUTHOM TIONE, MCIONb3yeTcs AN CO3JAHHS TMPOTSHKEHHOTO IIIa3MEHHOTO aHOAd, OJHOBPEMEHHO
IpeCTaBIIOmEero co0oi U KaHal AN TPaHCHOPTHPOBKH ITy4Ka, MOCPEICTBOM HOHU3ALUM OCTaTOYHOIO TIasa.
CUIIBHOTOYHBIH DJIEKTPOHHBIM ITy4OK (TOK O JIeCATKa KWIOAMIep NpPH HalpsHKEHUH B JECATKH KHIIOBOJBT)
(opMupyercsi ¢ B3pBIBOSMHCCHOHHOTO KaTOZa, HOTPY)KEHHOTO B IPEIABAPUTEIBLHO CHOPMHPOBAHHYIO IIa3My.
Yucnennoe moaenupoBanue nposeaeHo ¢ nmomomsio PIC-koga KAPAT mis pa3snuuHBIX TEOMETPUI U IMOI0KEHUH
BCIIOMOTaTENIEHOTO KaTona. PaboTa BemonHeHa npu noaaepskke PODU no rpanty 05-02-16442.

TEHEPAIIISI ETEKTPOHHOT'O ITYUYKA B HU3KOIMITEJIAHCHHIV CUCTEMI
A.B. Azaghonos

HaBeneno pe3ynbTaTH 4YHCENBHHX EKCIIEPUMEHTIB IO TeHepalii HU3bKOGHEPTeTHYHOTO IOTYXHOCTPYMOBOTO
€JICKTPOHHOT'O MyYKa B HU3bKOIMIICAAHCHHIH CHCTEMI, 110 BKJIIOYAE B ceOC IIa3MO3AMOBHCHUN IO 13 MPOTKHUM
TUIa3MOBUM aHOJIOM, JIOIIOMDKHHMI TepMokaron i BuOyxoewiciitHuii xaron. CrnaOKkocTpyMOBHH, HU3bKOBOJIBTHUI
MyYOK BiJ] JOITOMIDKHOTO KaTo/a, o nepedyBae B 30BHIIIHIM MTO3A0BXHIM MAarHITHOMY II0Ji, BAKOPUCTAETHCS IS
CTBOPEHHSI MPOTSDKHOTO IUIA3MOBOTO aHOJA, IO OJHOYACHO MPEACTABIsIE COOOI 1 KaHAN /sl TPAHCIOPTYBaHHS
ITy4Ka, 32 JOIIOMOTOI0 i0Hi3amii 3anImKkoBoro rady. [loTy)XHOCTpyMOBHH €NEKTPOHHMI My4OK (CTpyM OO JecsATKa
KilloaMIiep TpH Hampy3i B JECATKH KiJIOBOJNBT) (opMyeTscs i3 BHOyXOeMICiHHOTO KaToma, 3aHYpPEHOTO B
morepenaso copMoBaHy Inrazmy. UucenbHe MozemoBaHHS mpoBeneHe 3a gormomoror PIC-komy KAPAT mns
PI3HEX TE€OMETpiH 1 MONOKEHb JONOMDKHOTO Karona. Pobora BukoHaHa 3a miarpumkoo PO®I mo rpanty 05-02-
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