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The numerical simulation method was applied to investigate the excitation of a plate shielded comb slow-wave
system by the relativistic electron beam with a limit current exceeding space-charge limiting current. Such a system
can be considered as a combination of a vircator and a traveling wave-tube. It has been established that there is a
possibility for realization in this system both the single-frequency- and multifrequency modes of high-power micro-
wave radiation generation. The oscillating mode, with given electron beam parameters, is determined by the slow-

wave system geometry.
PACS: 84.40Fe

1. PROBLEM DEFINITION AND MODEL
DESCRIPTION

A goal of the study is to investigate the processes of
electromagnetic field excitation in a slow-wave struc-
ture like a flat shielded comb. A power supply source is
an electron beam with a space-charge limiting current.
Besides, the cathode-generated radiation is propagating
in the structure.

Investigations of combined systems, namely, virca-
tor — slow-wave structure and vircactor-resonator, have
a considerable history. For example, paper [1] presents
detailed experimental results of investigations on the
combined vircator — backward-wave tube system (vir-
tode). The authors of [2, 3] show a possibility in princi-
ple of chaotic radiation generation with the use of a vir-
tode. A combination of the vircator with a high-Q cavity
(vircator-klystron) is proposed by the authors of [4].
Generation of a high-power microwave radiation by
relativistic beam on the base of a vircatron-ubitron
combination is described in [5].

In the present study we have applied the simulation
method, to investigate a combined vircator — backward-
wave tube system in which, unlike [1], the wave energy
extraction channel is combined with the propagation
region of the electron beam transmitted through the vir-
tual cathode region.

Fig. 1. General view of the calculation region

Fig. 1 presents the general view the model calcula-
tion region (without proportion conservation). Here 1 is
the injector region being external against the calculation
region; 2 — beam transport channel; 3 — virtual cathode
localization region; 4 — comb slow-wave structure;
5 — transmitted beam drift region; 6 — electromagnetic
wave absorber region for the opened boundary simula-
tion.

A model system is a closed region of infinite extent
along the z axis with finite sizes L, , L, along the x and

y axes respectively. A continuous relativistic electron
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beam of a given energy and its spread is injected into
the system through the left wall (see Fig. 1). Then the
beam enters, through the transport channel, into the re-
gion of interaction with the slow-wave system field. It is
supposed that the electron beam is fully magnetized and
therefore the electron motion is possible only along the
x axis. The particle dynamics is calculated using the
two-step leap-frog method for pulses and the second-
order predictor-corrector method for coordinates. Elec-
tromagnetic fields have three components E,,Ey, H,

(TE-waves). A guiding constant magnetic field H, is

not used in calculations by the condition of its infinite
high intensity. Instantaneous values of the electromag-
netic wave field are determined by integration of the
rotor Maxwell equations:

10H

rotE = 1M, 10E 4r -
c ot

rotH=-"—+-"7. (1
c ot cJ @

Here we assume /¢ =1 (vacuum, Gaussian system

of units). To find a solution a Yee difference system of
equations is used [6]. Equations (1) do not provide the
fulfillment of the charge conservation law in the pres-
ence of the emission and escape of electrons. Therefore
to determine the complete electric field components we
introduce into the right part of (2) a correction for the
space-charge field (Boris correction [7]) so that

E‘new — E’old —ﬁé‘q) ’ (2)
where d¢ is sought from the Poisson equation
A5¢=§-E—p. (3)

where p is the electron current charge density. The
integration method (3) is the sequential overrelaxation.

To calculate the grid values of the charge density p
and current density j, we have used the method of
weighting by areas (CIC model).

2. MAIN RESULTS

The dependences of the radiation parameters on the
interaction region sizes, slow-wave structure energy and
on the beam current density have been investigated. If
there is no a comb then at the distance approximately
equal to L, /2 a virtual cathode arises (2 in Fig. 2).

The electrons reflected from the virtual cathode go
backward into the drift channel region (1) and create in
it a local charge density excess. As a result, a secondary
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virtual cathode arises in the drift channel (3). It is seen
in Fig. 2 that the transmitted beam is a sequence of cou-
pled electron bunches.
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Fig. 2. Instantaneous beam current density profile
without a slow-wave structure
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Fig. 3. Vircator radiation spectrum without
a slow-wave structure

For this case the amplitude spectrum E, of the

wave field component in the point near the beam region
is presented in Fig. 3.
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Fig. 4. Vircator radiation spectrum in the case
of strong coupling with a slow-wave structure
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By placing in such a system a “deep” comb, with a
rather strong coupling with the beam, tuned on the fun-
damental vircator oscillation frequency (or close to it)
we observe a single-frequency oscillating mode or
neighbouring frequency oscillating mode (Fig. 4). Some
broadening of the radiation peak with a frequency of
5 GHz is caused by the “spreading” of the virtual cath-
ode existence domain, as is seen in Fig. 4. At the same
time, there is no radiation with a frequency of 25 GHz
in the spectrum of Fig. 3 unlike the case of a “pure”
vircator. It means that the flat shielded comb with a
strong coupling is an effective band-pass filter for the
virtual cathode radiation.

As regards the field amplitude change in the case of
slow-wave structure introduction into the work space,
here a pattern, typical for the traveling-wave tube, is
observed. Depending on the comb parameters (for ex-
ample, a total length) and the beam energy at the system
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exit, both the increase and decrease (sometimes signifi-
cant) of oscillation amplitudes, due to the wave energy
transfer to electrons, was observed.
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Fig. 5. Instantaneous beam current density profile
with a slow-wave structure
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Fig. 6. Vircator radiation spectrum in the case
of a weak coupling with the slow-wave structure
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Fig. 7. Instantaneous beam current density profile in the
case of a weak coupling with the slow-wave structure

In the case of a weak coupling between the slow
wave and the beam (a “shallow” comb) the active band-
pass of the structure broadens and a multifrequency os-
cillating mode is realized.

A typical spectrum shape is presented in Fig. 5.

In Figs. 6, 7 we can see a subsequent broadening and
shift of the cathode existence domain. Besides, the
“synchronism” of oscillations of two virtual cathodes
begins to be disturbed. The exciting electron current
density profile becomes a more complex. The multifre-
quency oscillating mode is, evidently, the result of such
an interaction between the slow wave and electron
beam.

The presented results were obtained for the numeri-
cal model with such parameters. The total system length
Ly, =20cm, including the transport channel length of

1.5 cm, the total height L, = 1.3 cm. The comb spacing

was 0.5 cm, the depth — to 0.55 cm, the width from the
wall — to 0.15 cm. The beam transport channel height
was of about 0.2 cm at a distance of 0.4 cm from the
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low wall. The initial electron beam energy was 0.5 MeV
with a spread of 0.1%, the beam thickness was 0.1 cm.

CONCLUSIONS

The combination of a vircator with a comb slow-
wave system demonstrates a possibility of realizing dif-
ferent modes for generation of a high-power microwave
radiation. The mode of electron beam generation with
given parameters is determined by the slow-wave sys-
tem geometry. Possible practical applications include,
especially, the vircator efficiency increase and multifre-
guency electromagnetic radiation generation.
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BO3BYKJIEHUE IJIOCKO# I'PEBEHKH DJIEKTPOHHBIM ITYYKOM C BUPTYAJIBHBIM
KATOJIOM

A.M. I'opoans, 10.®. Jlonun, A.I'. Ilonomapes

MeToioM YHCIIEHHOTO MOJETHUPOBAHUS HCCICIOBAHO BO30YXKIACHHE IUIOCKOH SKpaHUpPOBaHHOW TpebeHdYaTOU
3aMeUIAIONIEeH CHUCTEMBI PEISITHBUCTCKUM SJIEKTPOHHBIM IMYYKOM C TOKOM BEINIE IPEAETbHOT0. Takyro cHCTEMY
MOJKHO pacCMaTpUBaTh KAK KOMOMHAIIMIO BUPKATOPA U JIAMITEI OeTyIiieii BOJHBI. Y CTAHOBIICHA BO3MOXKHOCTh Pealiu-
3allMM B HEM Kak OJJHOYACTOTHOI'O, TAK U MHOT'OYACTOTHBIX PEXKUMOB I'€HEPAIUN CBEPXBBICOKOUACTOTHOTO MU3JIyye-
HUs OOJIBIION MOIIHOCTH. PeXUM TeHepaluy MpH 3aIaHHBIX MapaMeTpax 3JCKTPOHHOTO MyYKa ONPEACisIeTCs reo-
METPUUECKUMHU MapaMeTpaMu 3aMeJISIOEH CHCTEMBI.

3BY/I’KEHHS IJIOCKOI T'PEBIHKU EJIEKTPOHHUM ITYUYKOM 3 BIPTYAJIbHUM KATOJOM
A.M. I'opoans, 1O.®. Jlonin, A.I. Ilonomapvos

MeTomoM YHCEeNFHOT0 MOJIEIIOBaHHS JOCIIKEHO 30YIKEHHS IIOCKOI eKpaHOBaHOI IpebiHdacToi yHoBiIBHIO-
10901 CHCTEMH PETATHBICTCHKUM ENIEKTPOHHHUM ITyYKOM i3 CTPYMOM BHILIE OOMEKEHOTO IIPOCTOPOBHM 3apsinoM. Ta-
Ky CHCTEMY MOJKHA pO3TJISAaTH K KOMOIHAIIiI0 BipKaTopa i JaMmu 6iry4oi xBuiti. BcTaHOBIEHa MOXKITUBICTD peati-
3amii B Hilf IK OIHOYACTOTHOTO, TaK i 6araTO4acTOTHUX PEKUMIB TeHepallii HaJIBHCOKOYACTOTHOTO BHIIPOMIiHIOBaH-
Hsl BEJIUKOT MOTY)XXHOCTI. PeXXuM TeHepauii npu 3alaHuX IapameTpax eIeKTPOHHOTO ITy4Ka BH3HAYA€THCS IeOMeT-
PUYHUMH [TapaMeTpaMH YIOBIIbHIOIOUOI CHCTEMH.
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