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In this paper the possibility of calculating the dynamics of particles of an ion beam and an electron beam in a
formation system was investigated. The results of the calculation are compared with the experimental data.
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INTRODUCTION
In  modern industrial technologies high-current

beams of charged particles are widely used and the
creation of multi-beam systems has been discussed for a
long time. The use of such systems can solve a number
of difficulties that arise when the space charge forces of
the ion beam requires compensation in the formation
system. For example, the application of space-charge
forces of an electron beam for focusing, proposed when
creating a collective linear accelerator of heavy ion
beams [1, 2], as well as a linear induction accelerator.
For the calculation of such systems, a good result is
obtained by solving of the synthesis problem and then
analyzing the results obtained by the synthesis. The
possibility of calculating the electron and ion beam
formation system of the high-current heavy-ion
collective accelerator model is shown.

1. SOLUTION OF THE ELECTRODES
GEOMETRY SYNTHESIS PROBLEM

Using the synthesis program, it is possible to
determine the distribution of the potential outside the
beam, which provides a given beam configuration
(Fig. 1, left). The problem of synthesizing a tubular
electron beam with a high degree of compression and a
microperveance of the order of 3 pA/V¥2. The obtained
electrode shapes are valid only for infinite electrodes.
When designing, it is necessary to compensate for the
effects of the finite dimensions of the electrodes, taking
into account the practical implementation of such a
system and the resulting heterogeneity of the current
density at the cathode.

Using the synthesis program, the geometry of the
given equipotential was calculated. As you know this
task is incorrect.
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Fig. 1. The results of calculation by synthesis (left) and trajectory analysis (right)
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And this can serve as an explanation for such a
complex potential structure for given parameters of the
central beam trajectory. From the point of view of
providing electric strength, further trajectory analysis is
required for a given electrode geometry and operating
voltage. The shape of the electrodes of the forming
systems is carefully modeled and when assembling a
high accuracy of repetition of the calculated geometry is
required.

2. TRAJECTORY ANALYSIS

Using the trajectory analysis program, it is possible
to obtain trajectories of beams in a given geometry for
given electrode potentials, taking into account the eigen
fields of the beams determined by the space charge
distribution. A significant number of calculation
programs use "large particle” models as in PIC methods.
In this paper we show the possibility of using the
current tube method for calculations. A numerical
program EL and ION is designed, which simulates the
dynamics of charged particles in the electron-optical
system [3, 4]. For the particle current density, the flow
continuity equation is satisfied. To calculate the electric
potential and the electric field strength, used the
solution of the Poisson equation for given boundary
conditions on a uniform rectangular grid. The density of
space charge is determined along the trajectories at the
grid nodes at a given value of the current of each tube.

The trajectories are determined by integrating the
equations of motion in given fields for given initial
conditions. The emission current is limited by the space
charge and is determined for each current tube
according to the "3/2 power" law.

The solution is determined by the "step-by-step"
method. The first approximation is the distribution of
the vacuum potential, and then the emission current
density is determined, the trajectories of the current
tubes are located and the distribution of the charge
density at the grid nodes. After that, the calculation
steps are performed again taking into account the
distribution of the emission current density and the
space charge density of the previous step. The
relaxation of the emission current of the n‘s step is
determined by formula

In=Jna+y«[fQn1)—jnal
With the help of the compiled program, the
geometry of the electrodes of a low-voltage (up to 1 kV)
electron gun with beam compression and an axial hole
was determined (see Fig. 1, right). A search for the
geometry of the electrodes was carried out and an

electron gun was constructed (Fig. 2) for a voltage of up
to 150 kV.
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Fig. 2. The result of calculating electron trajectories

3. CONTROL OF THE SYSTEM BEHAVIOR

The sequence of perveance values at each step is
called the orbit. The initial segment of the sequence of
values of the perveance is called the transition mode. To
suppress step-by-step oscillations of the numerical
solution, the method of relaxation of the emission
current is used. It is interesting to trace orbits for
different values of the relaxation parameter of the
emission current density. Fig. 3 shows the dependence
of the sequence of values of the microperveance on the
step number in the calculations of the self-consistent
state of the converging electron beam.

A study of the dependence of the properties of a
dynamical system on the values of a parameter makes it
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possible to calculate the dynamics of highly perverted
beams of charged particles in complex behavior. A
method has been developed for choosing the relaxation
parameter, in which, in the first step, the relaxation
parameter of the current of each tube is several times
smaller than for the subsequent steps. The relaxation
coefficient at each subsequent step remains constant.
For the value of this value is less than the critical
value, as shown in the figure, the transient in the system
leads to a steady self-consistent flow state. The choice
of the relaxation coefficient is important, since the
stability of the flow state depends on it. In Fig. 3, green
color shows the case when, after the transition was
completed, the relaxation of the emission current was
stopped. In this case, the steady-state value of the beam
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current at the subsequent calculation steps remains in
the system. The state of the flow is stable, as in
calculations for values of the relaxation parameter less
than the critical value. For the stability of the state

found by numerical calculation, an algorithm for
calculating the emission current density at each step of
the calculation is important, as can be seen in (Fig. 3).
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Fig. 3. Dependence of the microperveance on the step number of the calculation

4. RESULTS OF THE TWO-BEAM SYSTEM
CALCULATION

The program made it possible to simulate the ion
flow generation system in the presence of a converging
electron beam. The self-consistent field of the electron
and ion beam was calculated by successive
approximations. When at each approximation the self-
consistent state of one beam is calculated for a given
space-charge distribution of the second beam. The
calculation finishes at constant states of both beams.
The possibility of improving the quality of the ion beam
by selecting the appropriate curvature of the emitting
surface was shown [5]. The two-beam system ensures
the formation of a wide-aperture ion beam in the drift

space (Fig. 4) in external electric fields and the fields of
charged-particle beams. The results of the calculation of
a high-current electron injector were compared with
experimental data. The presence of a high-current
electron beam diverging behind the anode leads to the
fact that the axisymmetric ion beam hits the walls of the
drift tube. As in the experiment, when the ions were
recorded without an electron beam on the collector, and
in the presence of an electron beam, the current signal
ceased to be registered.

The possibility of using a plasma source of nitrogen
ions was investigated [6]. Such ion source has many
advantages before another type of ion sources. There are
possibility to use the different sort of gases and others.
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Fig. 4. The results of calculating the trajectories of electron (up) and ion (down) beams
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YUCJEHHOE MOJAEJIMPOBAHUE MHOI'OITYYKOBBIX CUCTEM
I1.A. Mapmuinenxo

W3ydeHsl BO3MOXKHOCTH pacdeTa CaMOCOTJIACOBAHHOTO COCTOSHHUS 3JEKTPOHHOIO M HOHHOTO ITY4KOB JUIS
CHCTEMBI, UCIIOJb3YeMOH B MOJAENN KOJUIEKTHBHOTO ycKopuTens. IIpuBeneHBI pe3ysbTaThl YUCICHHBIX PAacueToB
TPaeKTOpUi 3apsDKEHHBIX YacTHI] B TPEXDICKTPOAHOW cTpykType. OOCyXmaeTcs CIOXHOE TIOBEICHUE MpHU
YHUCJICHHBIX pacyeTax Iy4KOB C TOKOM, OTPaHMYEHHBIM HPOCTPAHCTBEHHBIM 3apsiioM, METOIOM TpyOOK TOKa.
[TpuBoautcst cmoco® BBIOOpa MapaMeTpa pelakcaluyd SMHCCHOHHOTO TOKa WHXKEKTOpA, MPH KOTOPOM IOCie
3aBEpIICHHs MEPEXOJHOTo Ipolecca B pacyeTe JOCTUracTCsl CTAalMOHapHOe cocrosHue. [IpoBeneHo cpaBHEHHE
pe3yabTaTOB pacyeTa C IKCIEPHUMEHTAIBHBIMU JaHHBIMU KaK JUIS CUJIBHOTOYHOTO MHXKEKTOpa JJIEKTPOHOB, TakK U
JUISL SMUTTEpa MOHOB a30Ta. OOCyXIaeTcsi BOBMOXKHOCTh pacueTa CUCTeMbl (DOPMHUPOBAHUS ITyYKa MOHOB a30Ta B
MIPUCYTCTBUH ANEKTPOHHOTO Iy4Ka.

YUCEJBHE MOJAEJIOBAHHSA BATATOIIYYKOBUX CUCTEM
11.0. Mapmunenko

JIOCHiKEHO MOMKIIMBOCTI PO3PaxyHKY CaMOY3TO/DKEHOI CHCTEMH 3 CJICKTPOHHOTO Ta 10HHOTO MYYKIiB ISt
MOJIeJli KOJIGKTUBHOTO INPHCKOpIOBaua. HaBeneHo pe3ynbTaTH 4YHMCENbHHX PO3PaxyHKIB TPAEKTOPIH 3apsDKEHHX
YaCTHHOK y TPHENEKTPOHIH cTpyKTypi. OOroBOPIOETHCS CKJIaHA MOBEIiHKA IPH YMCEIbHUX PO3paxyHKax Myd4KiB
31 CTpyMOM, OOMEKEHHM MPOCTOPOBUM 3apsiIOM, METOJIOM TPpyOOk cTpymy. HaBomuThes crocid Bubopy mapamerpa
penakcanii eMiciifHOro CTpyMy iHXEKTopa, NpH SKOMY IiCis 3aBepIISHHs MEePEeXiJHOro MpoLecy B PO3PaxyHKY
JocsraeThcs CTallioHapHUH cTaH. [IpoBeaeHO MOPIBHSHHA pe3yNbTaTiB PO3PAXyHKY 3 €KCHEPUMEHTabHUMHU
JAaHUMHU SK Ui CHIIBHOCTPYMOBOTO IH)KEKTOpa ENEKTPOHIB, TaK 1 Uil eMiTepa ioHIB a30Ty. OOroBOpPIOETHCS
MOXJIMBICTh PO3PAaxyHKY CHCTEMHU (pOpMYBaHHS ITyYKa i0HIB a30Ty IIPU HASIBHOCTI €JIEKTPOHHOTO ITy4Ka.
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