SIMULATING MULTIGUN SYSTEM WITH LANGMUIR LAW
EMISSION CURRENT

P.A. Martynenko
National Science Center “Kharkov Institute of Physics and Technology”, Kharkov, Ukraine
E-mail: martynenkopetr91@gmail.com

The results of numerical calculations of charged particle trajectories in a three-electrode structure are presented.
A complex behavior is considered in the numerical calculations by the method of flow tubes of beams with a current
limited by space charge. A method is given for choosing the relaxation parameter of the injector emission current at
which after the completion of the transition process a stationary state is reached in the calculation.
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INTRODUCTION

This paper is devoted to the study of the possibilities
of calculating the self-consistent state of the electron
and heavy-ion beam for the system used in the collec-
tive accelerator model [1, 2]. There are injectors of a
primary electron beam and a secondary heavy-ion beam
with thermionic cathodes (Fig. 1). The system sizes are
selected to equal the experimental sizes. The final goal
is to obtain the heavy-ion beam passage into the anode
of a high perveance electron gun with a cathode and
anode apertures.

EL and ION program was created for this axial elec-
trode electro-optical system simulation. There is a prob-
lem in calculating the trajectories of ions and electrons,
which begin to move from the emission surface of the
electron and ion guns with zero velocities. In this case,
the emission current is determined by the “3/2 power”
Langmuir law and the initial conditions for the trajecto-
ries correspond to the regime of current limitation by
space charge (see the formulas in the attachment). The
program implements the flow tube method for calcula-
tion and does not require such multiple particles and
such multiple potential distribution calculation as in PIC
methods. The final goal of the program is to calculate
the self-consistent state of some beams.

First of all it is necessary to obtain an answer to the
question whether the electron beam self-consistent state
to obtaine in the presence of heavy-ion beam will be
stationary. Since for one electron beam simulation the
perveance value depends on the transition process for
the different relaxation parameter values (Fig. 2). This
result is called complex behavior [3] and will be dis-
cussed further (see COMPLEX BEHAVIOUR). It is
suggested that for electron beam current over ion beam
current the electron beam self-consistent state remain
constant. Because of this only heavy-ion beam injection
whithout ion charge effects will be discussed further
(see HEAVY-ION BEAM SIMULATION).

The second question is about the use of thermionic
cathode. In the model of the collective ion accelerator
by a modulated electron beam in the goffered conduct-
ing screen was used ion gun with heavy ions like K+
with a special charge state 1+. However, in the ad-
vanced acceleration techniques different multiply
charged ions like nitrogen, carbon and others from
plasma gun need to be transport [4].
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COMPLEX BEHAVIOUR

The first of all, the method of successive step by step
approximations for the electromagnetic field and the
charge flow trajectory calculation was used as it can
been seen in Fig. 1. This is only one electron beam sim-
ulation.

The algorithm that simulates the transition process
the system uses to establish a self-consistent state of the
flow method relaxation of emission current injected into
the system. Given a emission current determined by the
conditions at the cathode, determined the trajectory of
the particles and the distribution of the charge density in
the space corresponding to the found particle trajecto-
ries. Given the distribution of the charge density deter-
mined the potential distribution. Repeating this se-
quence at each step examined the transition process in
the system [5]. Fig. 2 contains the 19 consecutive mi-
croperveance values for different values of the emission
current relaxation parameter for high microperveance
electron gun (see Fig. 1). What is noticed for different
values of relaxation parameter: 1) it is seen that for val-
ues of the relaxation parameter less than 0.7 microp-
erveance values converge to a value of near 3 2) if val-
ues of the relaxation parameter over than 0.7 microp-
erveance diverge. It may be as a stationary and periodic
or chaotic state of dynamic system in the given external
stationary electric field for different values of the pa-
rameter [3]. It is easy to explain this behavior.

The determination of the emission current at the first
step for the vacuum distribution of the potential in the
diode leads to an excessively high value of the emitted
current. The value of the space charge at the first step
will be greater with this definition than in the stationary
state. Therefore, the potential distribution determined at
the second step differs from the stationary one. Because
of this, the field near the surface of the cathode can
change the sign for some tubes of current. And further,
if the field on the cathode prohibits the emission current,
then the emitted current will decrease and the distribu-
tion of the space charge will change. Therefore, the po-
tential distribution determined at the next step differs
from the previous one. Next, the dynamics will be re-
peated, which leads to a step-by-step oscillation of the
current (microperveance) and space charge values. But
as follows from the theory, the equality of the field at
the cathode to zero is an equilibrium condition (see at-
tachment) for the existence of a certain diode current
and potential distribution, at which the equilibrium dis-
tribution of the space charge is ensured.
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Fig. 1. (up) — High perveance electron gun;
(middle) — Axes potential distribution; (down) —lon gun

A method for choosing a the emission current relaxation
parameter has been developed, in which, in the first step,
the current relaxation parameter of each tube is several
times smaller than for the subsequent steps. The value
of the initial relaxation parameter determines the initial
value of the current density for each tube at which this
value is close to the value in the stationary state. The
value of the current relaxation parameter at subsequent
steps determines the dynamics of the system step by
step. For a parameter value that is less than the critical
value during the transient process, the microperveance
oscillation range decreases, and at the parameter values
greater than the critical value increases, as explained

above.
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HEAVY-ION BEAM SIMULATION

An ion source to be used in collective method accel-
eration experiments has been designed, constructed and
tested. Fig. 1 (down) shows the injection of the heavy-
ion beam in more detail. In this region, the particle tra-
jectories are calculated with smaller step sizes and pri-
mary externally electron beam are accelerated down-
stream as it can been seen in Fig. 1 (up). These parame-
ters optimised in previous simulations to obtain a parti-
cle trajectory accuracy better than 0.5%, important to
model the heavy-ion gun It seems that there is a focus-
ing in the trajectories of the heavy-ion beam better then
in case simulating an ion beam without an electron
beam.

The results of the calculation are compared with the
experimental data for both the high-current electron
injector and for the thermoemitter of alkali metal ions.

ATTACHMENT

When a voltage is applied to the diode gap, electrons
emitted by a heated cathode form a space charge distri-
bution in the diode gap in a time of the order of the time
of flight of the diode gap. The presence of a space
charge leads to a change in the distribution of the poten-
tial in the diode gap and a decrease in the electric field
at the cathode down to zero. This field depends on the
space charge distribution. But a decrease in the emission
current and an increase in diode voltage reduces the
effect of space charge and preserves the electric field at
the cathode. When the stationary diode voltage is
reached, if the diode current is substantially lower than
the cathode emission current (at high cathode tempera-
tures), the electric field at the cathode would be zero.

In a one-dimensional flat diode, the value of the di-
ode voltage determines the current density through the
diode and the potential distribution in the diode. The
steady stationary state of the flow is stable, in the sense
that the current density remains unchanged. With small
variations in the density of the space charge and veloci-
ty as functions of the spatial coordinate in the linear
approximation, the variation of the current density is
zero. The equilibrium distribution of space charge and
velocity is established.
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YUCJIEHHOE MOJAEJIUPOBAHUE MHOT'OMH XEKTOPHBIX CUCTEM
C TOKOM OMUCCHUH, ONPEJAEJAEMBIM 3AKOHOM JIEHI'MIOPA

I1.A. Mapmuvinenko

PaboTa nocesiiieHa UCCIIeIOBaHUIO BO3MOKHOCTH PacdeTa JIEKTPOHHOTO U HOHHOTO MHXKEKTOPOB JIJISl CUCTEMBI,
UCIIOJIb30BAaHHOM B MOJIETIM KOJUIEKTUBHOTO ycKopuTess. [IpuBeneHbl pe3ynbTaThl YUCISHHBIX PAcueTOB TPAEKTO-
pHi 3apsHKEHHBIX YacTHIl B TPEXIJIEKTPOIHON CTpyKType. OOCykKIaercs ClIOXKHOE MOBEJCHUE TIPH YUCICHHBIX pac-
YyeTax ITyYKOB C TOKOM, OTPaHWYEHHBIM IIPOCTPAHCTBEHHBIM 3apsAA0M, METOAOM TpyOOK Toka. IIpuBoanTcs crocod
BBIOOpA IapaMeTpa peraKcaliy TOKa SMUCCHH HHXXEKTOPa, IIPH KOTOPOM TIOCIIE 3aBEPIICHUS IIEPEXO0IHOTO IPOoIiec-
ca B pacyere JOCTUTaeTCsl CTAMOHAPHOE COCTOSIHME ITydKa. [IpoBeseHO cpaBHEHME Pe3yJIbTAaTOB pacdera ¢ KCIe-
PUMEHTAILHBIMH JAHHBIMH KaK JUISl CHIIBHOTOUYHOTO MH)KEKTOPA JIEKTPOHOB, TaK U JJISI TEPMOSMHUTTEPA HOHOB IIe-
JIOYHBIX METAJJIOB.

YHUCEJBbHE MOJEJIIOBAHHS BAT'ATOIH)KEKTOPHUX CUCTEM
3 EMICIMHUM CTPYMOM, 3I'T/THO 3AKOHY JIEHI'MIOPA

11.0. Mapmunenko

PoGoTa npucBsyeHa IOCTIIPKEHHIO MOKIMBOCTI PO3PaxyHKY €JIEKTPOHHOT'O Ta IOHHOTO 1HXKEKTOPIB ISl CHCTEMH,
BUKOPHCTAHOI B MOJENI KOJEKTUBHOTO NMPHCKOpIOBaua. HaBeneHO pe3ynbTaTi YHCETbHUX PO3PaxXyHKIB TPAEKTOPIi
3apsDKEHUX YaCTHHOK Yy TPHEIEKTPOHIH CTpYKTypi. OOroBOpIOEThCS CKIIa/iHa MOBEAIHKA TIPH YHCEIBHUX PO3pa-
XYHKaxX ITy4KiB 31 CTPyMOM, OOMEXEHUM IPOCTOPOBUM 3apsaoM, METOIOM TpyOok ctpymy. HaBomuThest cmociO
BHOOPY MapaMeTpa peyakcarii eMiCifHOro CTpyMy iHXEKTOpa, IpU SKOMY IIiCIIs 3aBEpUICHHS MePeXiTHOT0 IpoIecy
B PO3PaXyHKY JOCSATAEThCS CTALliOHAPHUI CTaH My4ka. [[poBeeHO MOPIBHAHHA Pe3yNbTaTiB PO3PAxXyHKY 3 eKCIIe-
PHMEHTAIBHUMH JIAHUMH SIK JUIS CHUIIBHOCTPYMOBOTO iH)XXEKTOpa eNIEKTPOHIB, TaK 1 ISl TepMOEMiTTepa i0HiB JIyX-
HHUX METaiB.
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