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Evolution of the density profile of the modulated electron beam moving through the plasma with linear density
profile is studied via computer simulation. Increase of the beam current and decrease of its velocity results to the
substantial inharmonicity of the beam density profile. The deformation of this profile depends on the beam velocity

direction.
PACS: 52.35.Qz; 52.65.Rr

1. INTRODUCTION

Transformation of the beam modes into the Langmuir
waves takes place mainly in the local plasma resonance
region (LPRR) of the inhomogeneous plasma [1-3].
Maximum of electric field amplitude excited by the
modulated electron beam is also localized in LPRR. This
maximum results to the deformation of the plasma density
profile (see, e.g., [4]). Analytic calculations [1-3] were
carried out for harmonic current of the beam. But during
the beam motion through plasma beam-plasma instability
occurs. It results to the density and velocity modulation of
the beam. In the nonlinear stage of the beam-plasma
instability the overtaking of the particles occur, and the
alternative current of the beam becomes substantially
inharmonic [5].

In the beam-plasma amplifiers the input and output
signals must have the same frequency. The nonlinear
stage of the beam-plasma instability results to the
appearance of higher harmonics in the output signal. This
effect is undesirable.

The problem of the beam-plasma instability evolution
in the inhomogeneous plasma was previously discussed in
[6-7]. In this work evolution of the density modulated
electron beam moving in the inhomogeneous plasma is
studied. The conditions of harmonicity of the beam
current in the LPRR are found.

Computer simulation using the modified package
PDP1 [8] was carried out. In this package plasma forms
the plane layer between two electrodes. Stationary plasma
density changed linearly from 100"“m™ near the left
electrode to 3(10"m™ near the right electrode. LPRR was
in the middle of the simulation region. The cases of beam
injection from left and right electrode were treated.

2. THE BEAM MOVING INTO DENSE
PLASMA

Spatial dependencies of the beam electrons’ density
and velocity as well as the beam current spectrum in
LPRR are plotted on Fig.1 for V=7000"m/s, jn=1A/m>
The beam density profile remains quasi-harmonic in the
whole simulation region, but the alternative current
amplitude decreases slowly. The amplitude of the second
harmonic is about 5% from the amplitude of the first one
(Fig.1c). Velocity modulation appears in the initially
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monokinetic beam. The bunches with higher density have
smaller velocities (Fig.1b). It results to the steepening of
the trailing front of the bunch.

These effects can be simply interpreted qualitatively.
The beam moves initially in the subcritical plasma, where
>0, so the electrons in the bunch repulse one another. It
results to the bunch swelling and decrease of the density
in its center.
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Fig. 1. Profile of the beam electron density (a), its
phase trajectory (b) and beam current spectrum in
LPRR (c) for V=7000"m/s, j,=1A/m’

Fig.2 demonstrates the simulation results for V=70
10'm/s, j=5A/m’. The beam electrons’ density profile near
LPRR (z=1m) becomes substantially inharmonic for this
case. All the processes described above also take place.
But for the forth bunch the wave in the phase space has
almost overturned (Fig.2b). It results to the increase of its
amplitude and significant profile deformation (Fig.la).
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Harmonics up to the forth one appear in the spectrum

(Fig.2¢). Simulation results for V=300"m/s, j=3A/m’ are
plotted on Fig.3. Here the time of the beam-plasma

18_’11 1 P 4 interaction is increased. Consequently the particles’
m3 | 3 overtaking (Fig.3b) and bunch front overturn occurred
3 before the beam reached LPRR. Due to the overturn the

15 beam density profile has a form of separate narrow peaks

of the large magnitude (Fig.3a). The harmonics of the
downshifted frequency appear in the spectrum
additionally to the higher harmonics of the modulation
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0 0.5 Zmp 10'm/s, j=1A/m? are given on Fig.4. The processes that
S((D) take place are similar to the described above. But now the

arb.un. beam electron bunches’ density increases gradually, and

3 bunches converge. During the beam motion the velocity
modulation density initially increases, and somewhat

2 decreases near the right electrode (Fig.4b). Now the beam
initially moves in the supercritical plasma (£<0), so the

1 electrons in the bunch attract to one another. The
forefront of the beam is decelerated, and the trailing front

1 is accelerated (Fig.4b). When the beam gets the

1 2 3 O/Op ¢ subcritical plasma, electrons start repulsing, and the
velocity modulation depth decreases. The second

Fig.2. Profile of the b lectron densit it. . . .
' rofile of the beam eleciron density (a), its harmonic with the small magnitude appears in the beam

phase trajectory (b) and beam current spectrum in

LPRR (¢) for V=700'm/s, ju=5A/m’ spectrum (Fig.4c). The beam profile remains quasi-
Jm harmonic.
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Fig.3. Profile of the beam electron density (a), its 1 2 3 /0y ¢

phase trajectory (b) and beam current spectrum in

LPRR (c) for V=3000'm/s, ju—3A/nt Fig. 4. Profile of the beam electron density (a), its
¢c) for V= m/s, ju=3A4/m

phase trajectory (b) and beam current spectrum in
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LPRR (c) for V=700"m/s, j.=1A/m’ V=100"m/s, j,=5A/m’

For V=7000'm/s, j=5A/m* the beam density profile 4. CONCLUSIONS

near LPRR becomes substantially inharmonic (Fig.5a). 1. Higher harmonics of the significant magnitude
The second, third and forth harmonics appear in the appear in the spectrum of the modulated electron beam
spectrum (Fig.5¢). Magnitude of the second harmonic is  current when the current density is increased or the beam
about 30% of the magnitude of the first one. The wvelocity is decreased.

overtaking of the wave front in the phase space takes 2. The beam density profile in the LPRR depends
place for the lust bunch (Fig.5a). It results to the strong  substantially from the beam velocity direction. When the
increase of the bunch magnitude and deformation of its  beam initially moves in the subcritical plasma, bunches
profile (Fig.5c¢). are widened. If it moves initially in the supercritical

plasma, bunches converge.
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IBOJIIOIUA MOAYJINPOBAHHOI'O 9JIEKTPOHHOT'O ITYYKA B

HEOI[HOPOI[HOfI IJIA3SME C JUHEWUHBIM [TIPO®UJIEM
H.A. Anucumos, O.1. Menwvnuxk, C.B. Copoka

B pabore uccnemyercs 5BOMIONHMS NMPOQUIS IUIOTHOCTH MOJYJIMPOBAHHOIO AJIEKTPOHHOTO Iy4YKa BO BpEMs €ro
JIBIDKEHUS Yepe3 HEOJHOPOJHYIO TuIa3My C JIMHEHHBIM npoduieM. [loka3aHo, 4TO NMpW YBEJIWYEHHH IUIOTHOCTH TOKA
IMy4YKa ¥ BPEMEHH B3aWMOJCIHCTBUS IMyYKa C TUIa3MOH IPOQIIIh ITydyKa CTAHOBUTCS CYIECTBEHHO HECHHYCOHIAIBHBIM.
Taroke OKa3aHo, YTO HAIIPaBJICHNE IBIKCHUE ITy4Ka BIHMICT Ha XapakTep AedopMariiy ero HaqyajabHOTo NPOdUIIs.

EBOJIIOIIS MOYJIbOBAHOT'O EJIEKTPOHHOTI'O ITYUKA B HEOJHOPITHIN

IJIA3MI 3 JIHIMHUM [IPO®LIEM
L.O. Anicimos, O.1. Kenvnuk, C.B. Copoka

B po6oTi mociipKyeThes €BONIONIS MPOGUI0 I'YCTHHH MOAYJIHOBAHOTO €JIEKTPOHHOrO Iy4yKa Mijx 4ac WOro pyxy
Kpi3b HEOAHOPINHY IUIa3My 3 JiHIHHUM npodinem. [TokazaHo, 1mo 31 30UIBIIEHHSM T'YCTUHH CTPyMy ITydKa Ta 4acy
B3a€MOJIIi My4YKa i3 TUIa3MOI0 MPOQ LT MyYKa CTA€ iICTOTHO HECHHYCOiMaNbHUM. TakoX MOKa3aHo, IO HANPIMOK PyXy
My4Ka BIUIMBA€E Ha Xapakrep JedopMallii Horo moyatkoBoro mpodisro.
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