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Based on the tube method, taking into account the three second law for the current in each tube, the program
EL&ION for preliminary rapid numerical analysis of the electron-optical system was developed, using which the

system was developed for generating an ion beam of reactive gases with an energy of up to 50 keV and a current of
10...20 mA in the presence of high-density electron beam.
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INTRODUCTION

Beams of accelerated electrons and ions are widely
used in modern nuclear physics technologies. The de-
velopment of new systems for charged particles acceler-
ating, based on ideas proposed more than half a century
ago, continues to be relevant for the creation of new
electron and ion accelerators [1 - 3]. This work is de-
voted to the study of the possibility of numerically cal-
culating the formation system with a joint ion and high-
perveance electron beam (HPEB) used in the model of a
collective accelerator. The formation systems used for
the injector part of the accelerator consist of many elec-
trodes with complex configuration. Their choice is a
difficult task in optimizing the beam parameters [4, 5].

MULTIBEAM SYSTEM SIMULATION

The numerical calculation of the collective accelera-
tor injectors leads to the formation system creation of
the required parameter charged particle beams. The dif-
ficulty is the calculation of the self-consistent state [6]
of the joint flows of electrons and various types of ions
obtained from ion sources, both plasma type and solid-
state type [7].

The charged particle flows are modeled in an axi-
symmetric electrode system. The influence of the intrin-
sic magnetic field of the beams, ionization and secon-
dary emission processes is neglected in the calculations.
So as the computational time is reduced and it is possi-
ble to compare the calculation results with experimental
data both for a high-current electron injector and for a
thermal emitter of alkali metal ions. The ion and elec-
tron beam dynamics are calculated using the EL&ION
code, which implements the current tube method for
solving stationary self-consistent problems [8]. Using
this method allows to solve such problems more eco-
nomically in time, in contrast to the use of the particle in
cells method [9].

A rectangular uniform grid was used in the simula-
tion, with the number of cells 300x100. The required
number of current tubes and the dimensions of the spa-
tial grid were selected from the condition of ensuring a
given accuracy in calculating the perveance of flows.
Thus the use of ~100 current tubes and 0.2 cm grid
spacing allows one to achieve the calculation accuracy
necessary for creating experimental samples of the high-
perveance charged particle guns.

An ion beam with energies up to 50 keV is injected
through an opening in the cathode of the electron gun.
The current of nitrogen ions can reach 30 mA [10]. Fig. 1
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shows that the ions completely pass through the cathode
into the space behind the anode of the electron gun, which
is at zero potential and is connected to the drift tube.

Multibeam system charge density distribution
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Fig. 1. The charge density distribution and trajectories
of charged particles

RESULTS

The formation system calculation results of a con-
vergent tubular beam were used in the designing and
manufacturing of the electron gun for technological
purposes.

Fig. 2. The HPEB potential distribution and trajectories
of charged particles

The test results of the cathode assembly gun at a
power pulse amplitude of up to 100 kV showed no
breakdowns. The recorded amplitude current to the col-
lector isolated from the anode of the gun coincided with
the calculated value with good accuracy. The collector
current was recorded by an oscilloscope by the voltage
drop across the resistance of the collector grounding.
According to the results of the calculation of the forma-
tion system see Fig. 2, the location of the near cathode
equipotential for the design of the electron gun with a
control grid was determined. The experimental results
showed the possibility of 100% modulation of the beam
current at a frequency of less than 10 MHz without the
use of an external RF generator [11]. As can be seen
from Fig. 3, the presence of an ionic space charge in the
HPEB crossover compensates the Coulomb forces of
repulsion of electrons. Under conditions of ionic com-
pensation, the intrinsic magnetic field of a high-current
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YUCJEHHOE MOAEJIUPOBAHUE MHOI'OITYUKOBBIX CUCTEM C IOMOUIBIO EL&ION-KOJA
I1.A. Mapmuinenxo

Ha ocHoBe MeToza TpyOOK ¢ y4eTOM 3aKOHA TPeX BTOPBIX [UIS TOKA B KaXkK1oH TpyOke pa3zpaboTaHa mporpamma
EL-ION npenBapuTenbHOro OBICTPOro YMCICHHOTO aHaJIu3a 3JIEKTPOHHO-ONTHYECKONH CUCTEMBI, C IIOMOIIBI0 KOTO-
poii OblIa paccunTana cucteMa (OpMHUPOBAHUSA IydKa HOHOB PEAKIMOHHO-CIIOCOOHBIX ra30B ¢ sHeprueit 1o 50 k3B
u TokoM 10...20 MA mpu HaATMYKUU BBICOKOIUIOTHOT'O 3JIEKTPOHHOI'O My4YKa.

YUCEJBHE MOJAEJIOBAHHSI BATATOITYUKOBUX CUCTEM 3A JOIMOMOTI'OIO EL&ION-KOAY
11.0. Mapmunenko
Ha ocHoBi MeToy TpyOOK 3 ypaxyBaHHSIM 3aKOHY TPhOX JAPYTUX JJISl CTPYMY B KOXKHIiH TpyOIi po3podiieHa mpo-
rpama EL-ION morepeaHbOro MiBUAKOrO YHCEIBFHOTO aHANI3Y EeKTPOHHO-ONITHYHOI CHCTEMH, 38 JIOMOMOTO0 SKOT
Oyna po3paxoBaHa cucTeMa (OpMYBaHHS ITydKa 1OHIB PEaKIiHHO-3aTHUX Ta3iB 3 eHepriero mo 50 keB i crpymoM
10...20 MA nipu HasIBHOCTI €JIEKTPOHHOI'O ITy4Ka 3 BUCOKOIO T'yCTHHOIO.
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